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1 am wntlng you 10 reinforce the importance of wor1Clng logether wilh uur )talc and tnbal

pal1nen; IO mal:e the UAA process opcnnc more cffe<:tively, As yuu know, appropnatc and
defensible water quality sTandnrtl~ (WQS) aR essential ror aclm:vlllg the Clcan Water Act
(CWA) gl)nr~ or mnintaining and restoring water 4uallIY·- and gemng WQS "gilt SUU'iS wuh
getting designated U)l,:) right

With thi~ memu, 1alll ;lIl11dllll~ u SCI of case studic~ which dcmonslrflle n nllm~r of
UAA~ th;IT ,lie U)M'lCI:lted wllh a designalcd usc change. Th~e en~c l:lllfliel: illumr,lle thc breadlh
Dnd vanety of successful UAAII in lerms of Ihe Ty!X'..s of wmerhodies and use;; adJrcGscd, The
factors involved (i.e., nntuml, human caused, or economic condilions), and the r:omplexity and
depth of :In:llysls. You can expect to receivc additional UAA·relaled materials from lh~ OffiCI:':
or Science and T(:dlllology (US'l) thiS c:tlendar )'C:If. such as sets or frctjLll'nlly n.d.eet 'lu~"li{lns

;lIld ;Ull,Wert :tbout UAAs. to help support implementlllion of The; 1JAA process. in your Region.

Our goall~ tn ITI1lke Ih~ WQS program work beHer. Our priamy 1$ 10 Improvc clarity in
th~ WQS pmcess including beller coIlUllulli!.:aliOIt, understanding. efficiency, and increased
public aw:m:n~s. Maklllg the UAA proccss operate c:rfectively is an imponllnl STCf1lnwlIrds
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quality crileria, permits lind InrgcTs for TOI:l1 Maximum Daily Loads (TMDLs) Will follow to
move us. tnwnrd... impmving watcr quality.
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what uses fltC nllninabl~ is ~nh~nl, nnd views. Ihc UAA process. properly applied lind
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and EPA i l:riticallo maklllg the process more effiCIent. VAAs arc meant 10 Ilssc.'t~ whnt
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• i\ credihle lJAA cnn result ill a change ill designated use in either direction. A
cr~diblt: UAA Call lead to refinements orchange~ in U~e that lead 10 either more or less
protectIve cntena. The goal is that the new use is more accurate.

• There is nothing wrong with changing designated uses after completion of a credible
UAA. It is an expected part or the process. If a credihle and defensible UAA indil:att:s a
need for n WQS chnnge, lhen a change 10 WQS is :.lpprupri:.lt~ lo c:ITtI,;lively
implemc:nting tht: WQS progr:.llll. Sometimcs these changes are on the colical pillh to
making real environmental progress.

• The UAA process should be better integrated with TMDL development. We need to
work together WIth slates and Inoc.s to ensure that a~ we develop TMDlM~' we nl$o
cnnrdinnte on i~sues related to use nltainability as needed. in pr.tt:tict.:. the informal ion
galhereu to uevelov <l TMDL. alld lhe allocmiolls III a TMVL. may polO( 10 (he need to
pursue a UAA. While 10 some cases II may be more effective 10 ensure thallhe righl uses
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and avoid uUIlJicaliv\; cffull~. Wo,; ~huuJd wntinuc lu ~hal\; idcaslo,;xlImplcs. develop lind
promote beSI pmctlces.

• Improved public communicotion lcods to improved public occeplnnce. It is critical
for EPA, states :md tribes to cng:l,!;e lhe public in meaningful discussions reg:lrding Ihe
impol1ance and value of getting uscs righl in maintaining and restoring water quality.
\VQS Ihat reflecllhe best available data and information should be used to direct the
process of m:ln<lging water QUll.1ity. They:lre essenti:llto infonned decision making Just
a.'\ important. puhlic understanding and lICCCplnnee of \VQS i~ central 10 brnnder
community support for addrcssing potcntially difficult pollution control manugcmcnt
dccisions.

In the long run. water quality programs will be mosl suc:cessful if the public understands
their underlying goals, Ihe process by which those goals are set and is engaged and able to
effectively cuntribute to that process. Getting the uses right is on the critical path 10 effective
walt:r quality standards implementation. Accomplishing this can be 1I significant challcnge but it
is also an essential need. I look forward to continuing to address these issues with you.
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Preface 
 

Setting water quality goals through assigning “designated uses” is best viewed as a process for 
states and tribes to review and revise over time rather than as a one-time exercise. A key concept 
in assigning designated uses is “attainability,” or the ability to achieve water quality goals under 
a given set of natural, human-caused, and economic conditions. The overall success of pollution 
control efforts depends on a reliable set of underlying designated uses in water quality standards. 
 
EPA’s water quality standards regulation provides a process for reviewing and revising 
designated uses, described as a “use attainability analysis,” as well as several rationales or factors 
that may be invoked as the reason for changing a use. In implementing the regulation, EPA 
provides outreach and support to states and tribes to assist them in working through this process. 
The goal is for every waterbody to have a designated use that is scientifically and legally 
defensible and supported by the local community. 

 
In recognition of the strong role that designated uses have in driving monitoring, assessments, 
Total Maximum Daily Loads (TMDLs), and permits, EPA has been promoting public dialogue 
on designated uses and UAAs. In 2002, EPA held a Designated Use Symposium. Participants 
generally agreed that it is important to have the right uses designated to each waterbody segment, 
and we also learned that states needed to invest in putting in place more refined use designations 
along with differentiated criteria to protect those uses. From this symposium, we realized that 
states and EPA need a credible and efficient process for making use decisions in a timely manner 
that allows progress toward the best water quality possible. After making designated uses a 
priority, we issued our Plan for Supporting States and Tribes on Designated Use Issues in 2004, 
which called for: 

• More outreach, training, workshops, and other support for states and tribes on critical 
issues regarding designating appropriate uses; and  

• Continued discussions with stakeholders on designated use issues. 

Over the past year, EPA has facilitated several workshops with our state, inter-state, and tribal 
partners. EPA Regional Offices have been heavily involved and invested in these efforts. We 
have heard about some innovative and successful approaches, as well as some common 
frustrations. In addition, EPA has co-sponsored multi-stakeholder public meetings to obtain 
views from interested parties. Overall, we heard a desire to reduce debate and to make progress 
toward reaching attainable goals. We heard a desire for EPA to provide more precise and specific 
answers to what are in some cases some pretty generic questions about how we interpret certain 
provisions of our regulations. 

Over the course of implementing the WQS program, many designated use changes have occurred 
as a result of informative and compelling demonstrations provided by UAAs. The enclosed case 
studies display the breadth and variety of UAAs. In some cases, such as the one provided for 
Chesapeake Bay, the UAA is extensive and resource-intensive. However, we have also seen 
effective UAAs that are much simpler, for example by conveying the appropriate designated use 
expectations principally through a set of photographs documenting the physical characteristics of 
the waterbody. 
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The most significant misperception about designated uses and UAAs is that UAAs need only 
address the current condition of a waterbody: that a designated use may be removed simply by 
documenting that protective criteria are exceeded. However, it is the prospective analysis of 
future attainability of designated uses that provides the demonstration necessary to support a use 
change. A related misconception is that UAAs are only a means to remove a designated use. In 
fact, UAAs have supported both removing uses and adding uses. The program experience and 
future direction reflects a growing practice of “sub-categorizing” or “refining” designated uses; 
that is, making them more specific and precise as opposed to removing them.  
 
Often, we are confronted with the fundamental question of why we should promote refining 
designated uses, particularly if the current designated uses are “fishable/swimmable.” Our intent 
is to help the public act to improve water quality. We believe that setting attainable water quality 
goals is important in stimulating action to improve water quality. We do not believe that setting 
unattainable uses advances actions to improve water quality. 

 
The WQS program is intended to protect and improve water quality beyond what is provided for 
through technology controls under the effluent guidelines program. WQS are supposed to guide 
actions to reduce pollutant releases regulated under the CWA. WQS are supposed to help us 
decide what needs to be done. The reality is that as more assessments are being done and 
TMDLs are being contemplated, we are facing attainability questions with current standards. 
This is in part related to the evolution of the WQS Program; in the early days, use attainability 
analyses were not usually performed when uses were originally designated. We are encountering 
more difficult issues, such as how to address the recreational use issue during wet weather events 
(CSOs) and how to address aquatic life uses in effluent dependent and ephemeral waters. These 
attainability questions can contribute to delays in achieving pollutant reductions (especially for 
nonpoint source control) because people often believe that the water quality goals are incorrect 
and perceive that revising WQS is a complex process. This is why we have been investigating 
the best ways to utilize UAAs and related tools, like variances, to make progress in getting 
designated uses right. 

Many of our waters do not meet the water quality goals envisioned by the Clean Water Act. 
Many of the problems have been produced over many years and may take many years to resolve. 
Some problems may take substantial changes in resource management to implement solutions. A 
process of setting incremental water goals through refined designated uses, that in turn advances 
progress toward an ultimate goal, can help us achieve our long term goals faster. One way to 
achieve efficiency in the process of assigning attainable designated uses is to better synchronize 
UAA analyses with the TMDL process. In practice, UAAs may be conducted prior to, 
concurrently with, or after the development and implementation of a TMDL. In many cases, the 
data generated during a TMDL could well serve as the foundation for deciding whether a change 
in a use is warranted. 
 
Finally, whenever we contemplate a use change, there should be thoughtful and informed public 
involvement in the process and throughout the process. States should communicate to the public 
about use changes early in the process and EPA should publicly support the states’ actions to 
engage the local community in these discussions of what is attainable. These are important 
decisions, and the best decisions reflect consideration of all perspectives.
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Overview of Case Studies: UAAs and Other Tools for Managing 
Designated Uses 

 What is a UAA and what are the 40 CFR 131.10(g) factors? 
 
A Use Attainability Analysis (UAA) is a structured scientific assessment of the factors 
affecting the attainment of uses specified in Section 101(a)(2) of the Clean Water Act (the 
so called "fishable/swimmable" uses). The factors to be considered in such an analysis 
include the physical, chemical, biological, and economic use removal criteria described in 
EPA' s water quality standards regulation (40 CFR 131.10(g)(1)-(6)). 
 
Under 40 CFR 131.10(g) states may remove a designated use which is not an existing use, 
as defined in § 131.3, or establish sub-categories of a use if the State can demonstrate that 
attaining the designated use is not feasible because:   
 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or 
 
2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating State water 
conservation requirements to enable uses to be met; or 

 
3. Human caused conditions or sources of pollution prevent the attainment of the use 

and cannot be remedied or would cause more environmental damage to correct 
than to leave in place; or 

 
4. Dams, diversions or other types of hydrologic modifications preclude the 

attainment of the use, and it is not feasible to restore the water body to its original 
condition or to operate such modification in a way that would result in the 
attainment of the use; or 

 
5. Physical conditions related to the natural features of the water body, such as the 

lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated 
to water quality, preclude attainment of aquatic life protection uses; or 

 
6. Controls more stringent than those required by sections 301(b) and 306 of the Act 

would result in substantial and widespread economic and social impact.  
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UAAs and Other Tools for Managing Designated Uses 
 Selection of Case Studies 

 
 

Case Study 
(State, EPA Region) Complexity Type of Action 131.10(g) 

Factor(s) 
Kansas & New York UAA 
Worksheets: Crosby Creek  
(Kansas, EPA Region 7) 

very simple Assign primary contact 
recreational use 

n/a 

Kansas & New York UAA 
Worksheets: Antelope Creek  
(Kansas, EPA Region 7) 

very simple Redefined as ephemeral 
stream  

2 

Kansas & New York UAA 
Worksheets: Tributary of 
Seneca River 
(New York, EPA Region 2) 

very simple Aquatic life use support 2 

Suspension of Recreational 
Beneficial Uses in Engineered 
Channels During Unsafe Wet 
Weather Conditions 
(California, EPA Region 9) 

simple Temporary suspension  
of recreational use 

2, 4 

Valley Creek UAA 
(Alabama, EPA Region 4) 

simple Assign limited warmwater 
fishery use 

3, 5 

New York Harbor Complex 
UAA 
(New York, EPA Region 2) 

medium Assign aquatic life & 
recreational uses 

3 

Red Dog Mine UAA 
(Alaska, EPA Region 10) 

medium Removal of aquatic life 
uses & development of 
site-specific criterion 

1, 3 

Montana’s Temporary Water 
Quality Standards—New World 
Mining District 
(Montana, EPA Region 8) 

complex Temporary standards for 
multiple uses 

during remediation 

3 

Chesapeake Bay UAAs and 
Restoration Variance 
(Maryland, EPA Region 3) 

very 
complex 

Refined aquatic life uses 
and restoration variance  

 

1, 3, 6 
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Case Studies 
Brief Descriptions 

 
 
KANSAS AND NEW YORK UAA WORKSHEETS: CROSBY CREEK IN KANSAS 
 

 
The Kansas Department of Health and Environment (KDHE) has developed a worksheet to 
conduct many simple use attainability analyses (UAAs). The worksheet provides reviewers with 
information such as the name, location, and description of the waterbody; an assessment of its 
current recreational uses; and observations of aquatic life. Users can evaluate this information 
and develop a justification for retaining or changing designated uses. One example of using this 
worksheet is the Crosby Creek UAA conducted in 2001. In the UAA KDHE proposed primary 
contact recreation use for Crosby Creek, an upgrade from the secondary contact recreation use 
designated previously. KDHE also proposes to maintain the current aquatic life use designation. 
Kansas adopted this change their water quality standards and EPA approved it. 
 
KANSAS AND NEW YORK UAA WORKSHEETS: ANTELOPE CREEK IN KANSAS 
 

 
KDHE’s UAA worksheet was used for the Antelope Creek UAA conducted in 2001. In that 
UAA, KDHE did not recommend primary contact recreation as a designated use for this water 
because of the low flow conditions in the stream (131.10(g) factor 2). The segment fits Kansas’ 
definition of an ephemeral stream, grass or vegetative waterway, culvert, or ditch. Photos are 
provided with the worksheet to show the dry conditions in the streambed. This change was 
adopted into Kansas’ water quality standards and approved by EPA. 
 
KANSAS AND NEW YORK UAA WORKSHEETS: TRIBUTARY OF THE SENECA 
RIVER IN NEW YORK 
 

 
The New York State Department of Environmental Conservation (NYSDEC) has used a simple 
worksheet to document UAAs for aquatic life use support. These worksheets were developed as 
part of an overall 1985 State “Water Quality Standards Attainability Strategy,” which included 
specific guidance for field biologists on assessing fish propagation for various habitats. The 
worksheet contains the name and location of the waterbody, a checklist of reasons why the 
waterbody cannot attain full aquatic life designated uses, and space for additional comments or 
recommendations. One example is a 1992 UAA for a tributary of the Seneca River in New York. 
Some segments were changed from Class D to Class C (supportive of both aquatic life and 
recreational uses), and others were determined incapable of attaining Class C on the basis of 

Complexity: Very simple Type of Action: Assign primary contact recreational use 
Region: 7 131.10(g) Factors: n/a 

Complexity: Very simple Type of Action: Redefined as ephemeral stream 
Region: 7 131.10(g) Factors: 2 

Complexity: Very simple  Type of Action: Aquatic life use support 
Region: 2 131.10(g) Factors: 2 
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131.10(g) factor 2. The worksheet documents the Department’s proposed changes to the 
designated uses. 
 
SUSPENSION OF RECREATIONAL BENEFICIAL USES IN ENGINEERED 
CHANNELS DURING UNSAFE WET WEATHER CONDIDTIONS 
 

 
The Los Angeles Region has many rivers and streams that have been straightened, concrete-
lined, or both to move floodwaters from urban areas to the ocean. These channels transport large 
volumes of water that might not be of adequate quality to support Clean Water Act (CWA) 
section 101(a) uses (i.e., “fishable/swimmable”). The water quality goals set forth in the Los 
Angeles Region’s Basin Plan specify that all waters in the state should be “fishable/swimmable.” 
 
Under certain conditions recreational uses are inappropriate for these channels. During high flow 
flood conditions, it is not safe to swim in the waters. The Los Angeles Region has opted to issue 
a suspension of recreational use during periods of high flow. Through a revision to its water 
quality control plan, the Los Angeles Region established that during high flow events, when it is 
not safe to be in the modified channels, these waterbodies do not have to meet bacteria criteria. 
The suspension of recreational uses applies under the rainfall conditions that trigger the Region’s 
swift-water protocols (i.e., rescue squads are on alert if someone should happen to enter the 
water). With this use attainability analysis (UAA), EPA approved the revision to the Water 
Quality Control Plan for the Los Angeles Region. 
 
VALLEY CREEK UAA 
 

 
In this 2001 use attainability analysis (UAA), the Alabama Department of Environmental 
Management (ADEM) provided evidence to support the proposed change for the upper segment 
of Valley Creek from Agricultural and Industrial Water Supply (A&I) to Limited Warmwater 
Fishery (LWF). The corresponding water quality criteria are more stringent for waters classified 
as LWF than for A&I waters. The key element of the LWF classification establishes seasonal 
uses and water quality criteria for waters that otherwise cannot maintain the more protective Fish 
& Wildlife (F&W) classification year-round. The LWF classification does not fully meet the 
water quality uses and criteria associated with the “fishable/swimmable” goal, and therefore a 
UAA was necessary. In the UAA, ADEM provided information on the physical, biological, and 
chemical characteristics of Valley Creek; water quality data from sampling stations; discharge 
monitoring reports from the point source dischargers; and water quality modeling results. EPA 
approved the revision to Alabama’s water quality standards to reclassify Upper Valley Creek for 
LWF and Lower Valley Creek for F&W. 

Complexity: Simple Type of Action: Temporary suspension of recreational use 
Region: 9 131.10(g) Factors: 2, 4 

Complexity: Simple Type of Action: Assign limited warmwater fishery use 
Region: 4 131.10(g) Factors: 3, 5 
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NEW YORK HARBOR COMPLEX UAA 
 

 
A 1985 use attainability analysis (UAA) documents the assessment of waters in the New York 
Harbor Complex that were not thought to meet Clean Water Act (CWA) section 101(a)(2) goals. 
In the UAA the New York State Department of Environmental Conservation (NYSDEC) 
presents historical data on total and fecal coliform and dissolved oxygen, as well as the results of 
steady-state modeling. The segments considered are effluent-limited waters (i.e., the technology-
based effluent limitations required by the CWA are inadequate to meet the water quality 
standards), with impairment from urbanization, combined sewer overflows (CSOs), and other 
point and nonpoint source discharges. In the UAA NYSDEC recommends that several segments 
should be assigned both aquatic life and recreational uses. NYSDEC also recommends that some 
uses be retained and proposes future monitoring and assessment. 
 
RED DOG MINE UAA 
 

 
A use attainability analysis (UAA) was performed on Red Dog Creek, which runs through the 
site of Red Dog mine, the largest zinc mine in the world. Red Dog Creek flows only 3–4 months 
of the year. Several parts of the creek are affected by mining discharges and some acid rock 
drainage. In addition, the area contains natural ore bodies, resulting in naturally high 
concentrations of cadmium, lead, zinc, aluminum, and other metals. Pre-mining surveys done in 
this area indicated that aquatic life uses were not present because of the toxic concentrations of 
metals, as well as naturally low pH. The UAA for Red Dog Creek demonstrated that aquatic life 
uses should be removed because of the naturally occurring pollutants. Because of the natural 
conditions, the criteria for cadmium, lead, zinc, aluminum, and pH cannot be met without human 
intervention, precluding that aquatic life uses being met. However, treatment of mine wastewater 
had led to the presence of Arctic grayling that should be protected. A site-specific criterion for 
total dissolved solids (TDS) was developed to protect the grayling when spawning. EPA 
approved these changes to Alaska’s water quality standards. 
 
MONTANA’S TEMPORARY WATER QUALITY STANDARDS—NEW WORLD 
MINING DISTRICT 
 

 
Montana’s Water Quality Act allows for application of temporary modification of water quality 
standards where a waterbody is not meeting its designated use. The ultimate goal of the 
temporary modification is to improve water quality to the point where designated uses are fully 
supported. As such, temporary standards play a key role in the remediation of damaged water 

Complexity: Medium Type of Action: Assign aquatic life & recreational uses 
Region: 2 131.10(g) Factors: 3 

Complexity: Medium Type of Action: Removal of aquatic life uses & development of site- 
 specific criterion 

Region: 10 131.10(g) Factors: 1, 3 

Complexity: Complex Type of Action: Temporary standards for multiple uses 
during remediation 

Region: 8 131.10(g) Factors: 3 
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resources, because the underlying designated uses and criteria are established as goals which 
drive water quality improvements. The duration of temporary standards is set based on an 
estimate of the time needed for remediation at a specific site, and because the clean up of legacy 
pollutants often takes time, temporary standards can be and are issued for multiple years. The 
state uses 20 years as its time horizon for estimating future watershed remediation opportunities, 
and therefore, temporary standards could be issued for as much as 20 years. The New World 
Mining District is an example of a well-funded and successful project. The waters were 
classified as suitable for a number of uses, including drinking water, recreational, and aquatic life 
uses. 
 
CHESAPEAKE BAY UAAS AND RESTORATION VARIANCE 
 

 
Chesapeake Bay waters have been impaired by nutrients and sediment from point and nonpoint 
sources. These impairments have led to low levels of dissolved oxygen and inability to meet 
designated uses. Two use attainability analyses (UAAs) were conducted, with several states 
involved, to evaluate three of the 131.10(g) factors: natural conditions, human-caused conditions, 
and economics. Maryland collected a significant amount of monitoring data and developed a 
model to use the data to assess whether the bay’s waters were meeting their designated uses. One 
result of the UAAs was the decision to refine the aquatic life uses. Five designated uses were 
identified, and the seasonality of each was considered. Maryland promulgated these designated 
uses in its water quality standards, and EPA approved the new standards in 2005. 
 
In addition, restoration variances were added to Maryland’s proposed water quality standards as 
refinements to proposed criteria. These variances can be applied over an entire segment of the 
Bay, rather than directed at a specific discharger or group of dischargers. The temporary 
modifications allow for realistic recognition of current and attainable conditions while retaining 
the designated use and setting full attainment as a future goal. In addition, the variance allows for 
incremental improvements in water quality goals. 

Complexity: Very complex Type of Action: Refined aquatic life uses and restoration variance 
Region: 3 131.10(g) Factors: 1, 3, 6 
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Kansas and New York UAA Worksheets 
 
Abstracts 
 
Crosby Creek, Kansas 

 
The Kansas Department of Health and Environment (KDHE) has developed a worksheet to conduct many simple 
use attainability analyses (UAAs). The worksheet provides reviewers with information such as the name, location, 
and description of the waterbody; an assessment of its current recreational uses; and observations of aquatic life. 
Users can evaluate this information and develop a justification for retaining or changing designated uses. One 
example of using this worksheet is the Crosby Creek UAA conducted in 2001. In the UAA KDHE proposed primary 
contact recreation use for Crosby Creek, an upgrade from the secondary contact recreation use designated 
previously. KDHE also proposes to maintain the current aquatic life use designation. Kansas adopted this change 
their water quality standards and EPA approved it. 
 
Antelope Creek, Kansas 

 
KDHE’s UAA worksheet was used for the Antelope Creek UAA conducted in 2001. In that UAA, KDHE did not 
recommend primary contact recreation as a designated use for this water because of the low flow conditions in the 
stream (131.10(g) factor 2). The segment fits Kansas’ definition of an ephemeral stream, grass or vegetative 
waterway, culvert, or ditch. Photos are provided with the worksheet to show the dry conditions in the streambed. 
This change was adopted into Kansas’ water quality standards and approved by EPA. 
 
Tributary of the Seneca River, New York 

 
The New York State Department of Environmental Conservation (NYSDEC) has used a simple worksheet to 
document UAAs for aquatic life use support. These worksheets were developed as part of an overall 1985 State 
“Water Quality Standards Attainability Strategy,” which included specific guidance for field biologists on assessing 
fish propagation for various habitats. The worksheet contains the name and location of the waterbody, a checklist of 
reasons why the waterbody cannot attain full aquatic life designated uses, and space for additional comments or 
recommendations. One example is a 1992 UAA for a tributary of the Seneca River in New York. Some segments 
were changed from Class D to Class C (supportive of both aquatic life and recreational uses), and others were 
determined incapable of attaining Class C on the basis of 131.10(g) factor 2. The worksheet documents the 
Department’s proposed changes to the designated uses. 
 
Background 
Use attainability analyses (UAAs) can vary in terms of complexity. Some assessments are 
complex and require extensive data collection and complex UAAs, whereas others are simple 
and straightforward and require simple UAAs. Kansas and New York are two states that have 
developed UAA worksheets for use in simple, straightforward assessments of designated uses.  
 

Complexity: Very simple Type of Action: Assign primary contact recreational use 
Region: 7 131.10(g) Factors: n/a

Complexity: Very simple Type of Action: Redefined as ephemeral stream 
Region: 7 131.10(g) Factors: 2

Complexity: Very simple  Type of Action: Aquatic life use support 
Region: 2 131.10(g) Factors: 2
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Kansas UAA Reports 
In 2001 Kansas conducted many UAAs using the expedited stream recreational use UAA 
protocol (http://www.kdhe.state.ks.us/befs/uaas/UAAGuidance.pdf). The Kansas UAA Guidance 
was developed through an extensive stakeholder process and provides consistent methodologies 
for the Kansas Department of Health and Environment (KDHE) or third parties to follow in 
assessing designated uses. To present the results of these UAAs, Kansas developed a simple 
formatted worksheet. For an individual stream segment, the assessment team documents a 
variety of information such as the name, location, and description of the waterbody; an 
assessment of its current uses; and observations of existing conditions. Users evaluate this 
information and develop a justification for retaining or changing designated uses. Photos of the 
site are also attached to visually document the conditions of the waterbody. KDHE is required to 
evaluate the classification status of stream segments against the criteria for classification of 
stream segments provided in state law. 
 
Kansas maintains a Surface Water Registry, which lists specific waters that carry specific 
designated uses with numeric criteria in addition to general narrative criteria. These are called 
“classified” streams in Kansas, and generally include stream segments that have the most recent 
10-year median flow of equal to or in excess of 1 cubic foot per second, among other 
considerations. Waters that are not “classified” in this manner are afforded protection through 
narrative criteria, including: “Hazardous materials derived from artificial sources, including toxic 
substances, radioactive isotopes, and infectious microorganisms derived directly or indirectly 
from point or nonpoint sources, shall not occur in surface waters at concentrations or in 
combinations that jeopardize the public health or the survival or well-being of livestock, 
domestic animals, terrestrial wildlife, or aquatic or semiaquatic life.” 
 
A committee reviews the information collected to assist in making decisions about use 
classification changes. KDHE may recommend refining the designated use within the state water 
quality standards. For recreational UAAs, the state determines whether the stream is swimmable 
(primary contact recreation) or fishable/wadable (secondary contact recreation).1 If a stream has 
no water or is an ephemeral stream, the review committee recommends removing primary 
contact recreation by removing the stream from the list of “classified” streams. This term is not 
related in any way to jurisdiction as a “water of the United States;” it merely refers to the 
designated uses and type of criteria that apply, as well as the manner in which Kansas keeps 
records of its waters. If changes to designated uses are subsequently approved, the classifications 
of individual stream segments are updated in the Kansas Surface Water Register. Any revisions 
to the Kansas Surface Water Register are subject to approval for Clean Water Act purposes by 
the U.S. EPA Region 7 office. 
 
One example of use of the Kansas worksheet is the Crosby Creek UAA conducted in 2001. In 
this UAA, evaluators documented several pieces of information (Figure 1): 

                                                 
1 The state has subclasses of primary and secondary contact recreation for classified stream segments. 

http://www.kdhe.state.ks.us/befs/uaas/UAAGuidance.pdf
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A. Site Description: 

The exact location 
of the site and the 
date and time of 
the assessment 
were included.  

B. Stream 
Description: The 
dimensions of the 
runs, both upstream 
and downstream of 
the site, were 
given, and the 
substrate type was 
listed as silt. 

C. Aquatic Life 
Observed: 
Information about 
aquatic life 
observed in the 
streambed. No 
aquatic life was 
documented, but 
the evaluator 
indicated that the 
stream was 
perennial. Other 
observations were not included. 

 
On the basis of the data collected in the Crosby Creek UAA, KDHE proposed a change to the 
designated uses set in 1999 (Figure 2). KDHE recommended primary contact recreation for 
Crosby Creek, an upgrade from the secondary contact recreation use designated previously. 
Specifically, the analysis proposed primary contact recreation “where full body contact 
recreation is infrequent during April 1–October 31, and secondary contact recreation use class b 
November 1–March 31.” The UAA also proposed that the 1999 aquatic life use designation, 
“expected aquatic life use water,” should be maintained. These changes were adopted in the 
Kansas Surface Water Register. 
 
A second example of the use of Kansas’ UAA worksheet was the Antelope Creek UAA 
conducted in 2001. In that UAA KDHE concluded that the stream was ephemeral and provided 
photos to document the dry conditions. Notations in the UAA added that some ephemeral pools 
existed but that terrestrial vegetation covered the channel. Additional notes indicated that the 
channel was poorly defined in some places. On the basis of the assessment, KDHE did not 
recommend primary contact recreation as a designated use for this water, due to the low flow 

A 

C 

B 

Figure 1. Crosby Creek UAA: Basic site information. 
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conditions in the stream (131.10(g) factor 2). The segment fit Kansas’ statutory definition of an 
ephemeral stream, grass or vegetative waterway, culvert, or ditch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Crosby Creek UAA results. 
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New York Worksheets 
The New York State Department of 
Environmental Conservation 
(NYSDEC) has used a brief 
worksheet to document UAAs for 
aquatic life uses (Figure 3). These 
worksheets were developed as part 
of an overall 1985 State “Water 
Quality Standards Attainability 
Strategy,” which included specific 
guidance for field biologists on 
assessing fish propagation in various 
habitats. The worksheet contains the 
name and location of the waterbody, 
a checklist of reasons why the 
waterbody is not attaining its 
designated uses, and space for 
additional comments or 
recommendations. The worksheet 
documents the NYSDEC’s proposed 
changes to the designated uses.  
 
One example of use of this 
worksheet is a 1992 UAA for a 
tributary of the Seneca River in New 
York. NYSDEC used the assessment 
to find that a portion of the stream 
was not in attainment due to CFR 
131.10(g) factor 2, natural ephemeral, intermittent, or low flow conditions or water levels. 
NYSDEC proposed that this segment in non-attainment retain the Class D designation; however, 
one segment was proposed for an upgrade from Class D to Class C.2  
 
Conclusion 
The Kansas and New York worksheets are two examples where states have streamlined their 
documentation for UAAs. These types of rapid-reporting worksheets might allow states to 
quickly document simple assessments that do not require complex evidence. 
 
Supporting materials for this case study are available in Appendix A.

                                                 
2 The best usage of Class C waters is fishing. Water quality should be suitable for fish propagation and survival as well as for 
primary and secondary contact recreation. Other factors, however, might limit the use for these purposes. The best usage of Class 
D waters is fishing. Because of such natural conditions as intermittency of flow, water conditions not conducive to propagation of 
game fishery, or streambed conditions, the waters will not support fish propagation. These waters shall be suitable for fish 
survival. The water quality shall be suitable for primary and secondary contact recreation, although other factors might limit the 
use for these purposes. 

Figure 3. New York UAA worksheet. 
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Suspension of Recreational Beneficial Uses in Engineered  
Channels during Unsafe Wet Weather Conditions 
 
Abstract 

 
The Los Angeles Region has many rivers and streams that have been straightened, concrete-lined, or both to move 
floodwaters from urban areas to the ocean. These channels transport large volumes of water that might not be of 
adequate quality to support Clean Water Act (CWA) section 101(a) uses (i.e., “fishable/swimmable”). The water 
quality goals set forth in the Los Angeles Region’s Basin Plan specify that all waters in the state should be 
“fishable/swimmable.”  
 
Under certain conditions recreational uses are inappropriate for these channels. During high flow flood conditions, it 
is not safe to swim in the waters. The Los Angeles Region has opted to issue a suspension of recreational use during 
periods of high flow. Through a revision to its water quality control plan, the Los Angeles Region established that 
during high flow events, when it is not safe to be in the modified channels, these waterbodies do not have to meet 
bacteria criteria. The suspension of recreational uses applies under the rainfall conditions that trigger the Region’s 
swift-water protocols (i.e., rescue squads are on alert if someone should happen to enter the water). With this use 
attainability analysis (UAA), EPA approved the revision to the Water Quality Control Plan for the Los Angeles 
Region. 
 
Background 
Currently, all waterbodies in the 
Los Angeles Region include use 
designations for water contact 
recreation (REC-1) and, in most 
cases, for non-contact water 
recreation (REC-2). There are no 
seasonal restrictions on 
recreational uses in Los Angeles. 
The uses apply at all times, 
regardless of weather conditions 
or any other condition that might 
make recreational activities 
unsafe or infeasible. Figure 4 
shows high-flow conditions in a creek in the Los Angeles Region. 
 
Current conditions physically prevent full attainment of the recreational beneficial uses during 
high-flow or high-velocity conditions. Many waterbodies in the Los Angeles Region have been 
straightened, concrete-lined, or both to reduce the occurrence of flooding in urbanized areas by 
moving stormwater from those areas to the ocean (or an alternative outfall). These channels 
transport large amounts of water that might not be of adequate quality to support Clean Water 
Act (CWA) section 101(a) uses. This condition does not meet the water quality goals set forth in 
California’s Basin Plan, which specifies that all waters in the state should be designated for 
recreational use and should be “fishable/swimmable.” 
 
Designating recreational uses for highly modified channels in the Los Angeles Region is 
complicated by the fact that under certain conditions recreational uses are not appropriate for 

Complexity: Simple Type of Action: Temporary suspension of recreational use 
Region: 9 131.10(g) Factors: 2, 4

Figure 4. High-flow conditions in Ballona Creek (DeShazo, 2005). 
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some waterbodies. Channel modifications can create life-threatening conditions during and 
immediately following storm events. The steep-sided slopes of the channels also make them very 
difficult to exit when the water if slowing swiftly. During high-flow conditions, it is not safe to 
swim in the channels.  
 
Approach 
The Los Angeles Regional Water Quality Control Board (RWQCB) opted to issue a temporary 
suspension of the designated use (recreation) during and immediately after defined storm events 
(periods of high-flow). By suspending recreational uses during high-flow conditions, the 
RWQCB acknowledges the danger of recreating in the channels during wet weather conditions. 
Through a revision to its water quality control plan, the Region indicated that during high-flow 
events (when it is unsafe to be in the channels) waterbodies do not have to meet bacteria criteria. 
The aquatic life standards for these channels have not been revised, although subcategories of 
aquatic life uses might be developed in the future. This approach—using revisions to the basin 
plan to further specify designated uses—is a flexible means to establish water quality goals. 
 
The high-flow suspension applies only to water contact recreation activities regulated under the 
REC-1 use, non-contact water recreation involving incidental water contact regulated under the 
REC-2 use, and the associated bacteriological criteria set to protect those activities. The 
suspension of uses is applied when there is rainfall greater than or equal to ½ inch and remains in 
effect during the 24 hours following the rain event, which is consistent with the Los Angeles 
County Level 1 Alert threshold.  
 
The inherent danger of recreating in engineered channels during and immediately after storm 
events is widely recognized and has already been addressed by Los Angeles and Ventura 
counties through county policies. Los Angeles County’s Multi-Agency Swift Water Rescue 
Committee has set protocols for locking access gates to flood control channels and preparing for 
possible swift-water rescues in the channels during defined storm events. In Ventura County, 
access gates to such channels are always locked, which prevents people from engaging in 
recreational activities in the channels during swift-water conditions. 
 
The RWQCB’s suspension would apply to inland, flowing, engineered channels where it is 
possible to restrict access during the defined conditions. Water quality criteria set to protect other 
recreational uses associated with the fishable goals, as expressed in CWA section 101(a)(2) and 
regulated under the REC-1 use and other REC-2 uses (e.g., uses involving the aesthetic aspects 
of water) still remain in effect. 
 
Downstream REC uses must continue to be protected. Suspension of portions of the REC-1 and 
REC-2 uses during swift-water conditions reflects the current conditions in certain engineered 
channels; it does not relieve or diminish obligations to reduce bacteria loading at the beaches. 
 
The RWQCB remains committed to reevaluating the attainability of the REC-1 and REC-2 uses 
in the future, supporting efforts to reclaim engineered channels as natural watercourses, and 
supporting the beneficial reuse of stormwater. Within 3 years of the amendment’s effective date, 
the RWQCB will reconsider the continued appropriateness of the suspension of recreational uses 
in engineered channels during and immediately following the defined storm events. 
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Data Collection and Analysis 
To support the suspension of the recreational uses, the RWQCB conducted a use attainability 
analysis (UAA) for each waterbody where the suspension would apply. The RWQCB used two 
of the 40 CFR 131.10(g) factors as the basis for the UAA: 
 

Factor 2: Natural, ephemeral, intermittent, or low flow conditions or water levels prevent 
the attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating state water 
conservation requirements to enable uses to be met. 
Factor 4: Dams, diversions, or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its original 
condition or to operate such modification in a way that would result in the attainment of 
the use. 

 
RWQCB staff evaluated whether to conduct waterbody-by-waterbody UAAs or a categorical 
UAA covering all waterbodies meeting certain criteria. For this situation, the staff proposed a 
regional approach because all waterbodies subject to the suspension of recreational uses had 
similar features. The waterbodies to which the suspension would apply (during the defined 
conditions) include inland waterbodies, flowing waterbodies, engineered channels, and 
waterbodies where access can be restricted or prohibited (through fencing or signs).3 
 
The staff first identified all inland, flowing waterbodies listed in Table 2-1 of the Basin Plan for 
which the REC uses were qualified due to restricted or prohibited access. They then circulated 
the list internally to confirm that each of the waterbodies met the criteria for inclusion in the 
proposed amendment. Where necessary, the staff followed up with field surveys of the candidate 
waterbodies to confirm physical characteristics and access restrictions. They specifically noted 
GPS coordinates, channel flow, the geometry and construction materials of the channel bottom 
and sides, and the presence of restricted access in terms of gates and signage. 
 
The staff evaluated several possible triggers for the suspension of REC uses in engineered 
channels with restricted or prohibited access. These included (1) flow and velocity (e.g., swift 
water conditions); (2) depth (e.g., outside low flow channel); and (3) rainfall (e.g., total daily 
rainfall). 
 
On the basis of their evaluation, the staff concluded that rainfall is the most appropriate trigger 
for the temporary suspension of recreational uses. The RWQCB outlined three reasons for this 
decision. First, the Los Angeles County, California, Multi-Agency Swift Water Rescue 
Committee uses rainfall prediction as the basis for routinely locking access gates to county flood 
control channels and putting swift-water rescue personnel on alert. Written guidance outlines 
protocols to prepare for and provide swift-water rescues for county personnel and other involved 
agencies. Under the “Water Rescue Pre-Deployment Section,” three storm levels are defined 
based on storm warnings with an 80 percent prediction of specified levels of rain over 24 hours. 
The three alert levels are as follows:  

                                                 
3 Although not adequate alone to trigger a suspension of recreational uses, restricted or prohibited access to the channels is 
proposed as a requirement for the suspension to ensure that people cannot access a waterbody during the defined wet weather 
period. 
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 Level 1: 1 inch of rain if unsaturated ground or ½ inch if saturated ground  
 Level 2: 1½ inches of rain if unsaturated ground or 1 inch if saturated ground 
 Level 3: rainfall/saturation levels exceeding those listed for Level 2; generalized flash 

floods, urban flooding, or mud and debris flows; urban flooding with possible life hazards. 
 
At the Level 1 Alert threshold, Los Angeles county personnel routinely lock all access gates to 
flood control channels for at least 24 hours after the storm event. 
 
Second, there are numerous rain gauges throughout Los Angeles and Ventura counties that can 
provide precipitation data. Flow is not used because velocity and depth data are not available for 
all candidate channels. 
 
Third, rainfall is an adequate proxy for high flows and high velocities that result in unsafe 
conditions, given the reliance on rainfall prediction by the Multi-Agency Swift Water Rescue 
Committee. To confirm this, the staff used 5 years of data (water years 1998–2002) to match 
days above the Level 1 Alert rainfall thresholds of ½ inch or 1 inch with corresponding flow, 
velocity, and depth data in several local channels and compared these data with swift water 
rescue data from the same channels, as well as other agencies’ protocols for evaluating when 
conditions in the channels are unsafe. The staff specifically relied on a protocol used by the U.S. 
Geological Survey (USGS) and Orange County, in which in-stream conditions are evaluated 
using the following calculation to determine whether it is safe for monitoring personnel to be in a 
stream or channel: peak depth (in feet) multiplied by peak velocity (in feet per second). If the 
result is greater than or equal to 10, conditions are considered unsafe. 
 
The results of the analysis show that 63 percent of unsafe days followed days with more than ½ 
inch of rainfall. Therefore, using days with greater than ½ inch of rainfall and the 24 hours 
following the event provides protection by suspending recreational use during 63 percent of 
unsafe days. This trigger appears appropriate and justifiable because, on average, 82 percent of 
the days on which the preceding day’s rainfall was greater than ½ inch were considered unsafe. 
 
On the basis of the data analysis described above, the staff proposed to use the Level 1 Alert 
threshold (rainfall greater than or equal to ½ inch as measured at the closest rain gage with 
saturated conditions) as the trigger for suspending the REC uses assigned to a particular 
engineered channel. This fits with Los Angeles’ policy to keep all access gates locked for at least 
24 hours following the specified rain event. 
 
In the UAA the RWQCB showed that recreation is not an existing use because the channels were 
modified before 1965 and the swift water conditions existed before this the present. In addition, 
the study showed that the use would not be attained through effluent limits or best management 
practices (BMPs) because the physical characteristics of the waterbody, rather than the water 
quality, preclude the use.  
 
Conclusion 
Following this UAA, EPA approved the revision to the Water Quality Control Plan for the Los 
Angeles Region. 
 



Suspension of Recreational Beneficial Uses  
 

EPA 821-R-07-001  March 2006 10

Supporting materials for this case study are available in Appendix B. 
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Valley Creek, Alabama UAA 
 
Abstract 

 
In this 2001 use attainability analysis (UAA), the Alabama Department of Environmental Management (ADEM) 
provided evidence to support the proposed change for the upper segment of Valley Creek from Agricultural and 
Industrial Water Supply (A&I) to Limited Warmwater Fishery (LWF). The corresponding water quality criteria are 
more stringent for waters classified as LWF than for A&I waters. The key element of the LWF classification 
establishes seasonal uses and water quality criteria for waters that otherwise cannot maintain the more protective 
Fish & Wildlife (F&W) classification year-round. The LWF classification does not fully meet the water quality uses 
and criteria associated with the “fishable/swimmable” goal, and therefore a UAA was necessary. In the UAA, 
ADEM provided information on the physical, biological, and chemical characteristics of Valley Creek; water quality 
data from sampling stations; discharge monitoring reports from the point source dischargers; and water quality 
modeling results. EPA approved the revision to Alabama’s water quality standards to reclassify Upper Valley Creek 
for LWF and Lower Valley Creek for F&W. 
 
Background 
The Valley Creek watershed is in north-central Alabama. Valley Creek originates in Birmingham 
and flows west to Bankhead Lake, an impoundment of the Black Warrior River. Valley Creek is 
46 miles long and has a total drainage area of 257 square miles. Its tributaries include Blue 
Creek, Fivemile Creek, and Opossum Creek; all of which are designated for Fish and Wildlife 
(F&W) use with the exception of Opossum 
Creek, which is designated for Agricultural 
and Industrial Water Supply (A&I) use.  
 
In August 2000 the Alabama Department of 
Environmental Management’s (ADEM’s) 
Environmental Management Commission 
adopted new water quality standards 
regulations that eliminated the Industrial 
Operations use classification. At that time 
the use designation of Valley Creek was changed to A&I. In 2001 ADEM conducted a use 
attainability analysis (UAA) to provide evidence to support a proposed use classification change 
for Upper Valley Creek from A&I to limited warmwater fishery (LWF). Because LWF is not a 
“fishable/swimmable” use as defined in Clean Water Act (CWA) section 101(a)(2), the proposed 
change requires a UAA. At that time ADEM also proposed that Lower Valley Creek be 
classified for the F&W use, which meets the goals of CWA section 101(a)(2).  
 
Attainment of the F&W use in Upper Valley Creek is precluded by two of the 40 CFR 131.10(g) 
factors: 
 

Factor 3: Human caused conditions or sources of pollution prevent the attainment of the 
use and cannot be remedied or would cause more environmental damage to correct than 
to leave in place. 

Complexity: Simple Type of Action: Assign limited warmwater fishery use 
Region: 4 131.10(g) Factors: 3, 5 

The best uses of LWF waters include: agricultural 
irrigation, livestock watering, industrial cooling, and 
process water supply, and any other use except fishing, 
bathing, recreational activities, or as a source of water 
supply for drinking or food-processing purposes. 
The best uses of F&W waters include: fishing, 
propagation of fish, aquatic life, and wildlife, and any 
other use except swimming and water-contact sports or as 
a source of water supply for drinking or food-processing. 
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Factor 5: Physical conditions related to the natural features of the waterbody, such as the 
lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to 
water quality, preclude the attainment of aquatic life protection. 
 

Limited Warmwater Fishery Classification 
ADEM developed the LWF use classification in 2000 to establish seasonal uses and water 
quality criteria for waters that otherwise could not maintain the F&W criteria year-round. All 
provisions of the F&W use apply to the LWF use, with the exception of the criteria for dissolved 
oxygen (DO), bacteria, and chronic aquatic life. Table 1 provides the key differences between 
the F&W and LWF uses. 
 
Table 1. Differences between F&W and LWF Uses 

a Criterion applies May–November. Dissolved oxygen criterion associated with F&W classification is used 
December–April. 
b Bacteriological criteria for incidental water contact and recreation during June–September are not required. 
 
Water Quality Impairment and Pollutant Sources in the Upper Valley Creek 
The Opossum Creek watershed is one of the most highly industrialized areas of Birmingham, 
and it contributes point source and nonpoint source pollutants to Valley Creek. In addition, a 
number of land uses in the Valley Creek watershed have the potential to degrade water quality. 
In Upper Valley Creek, industrial and commercial activities and residential land uses adversely 
affect water quality. The upper segment exhibits characteristics 
typical of an urban stream, including poor habitat, degraded 
water quality, and stressed biological communities due to the 
large amounts of impervious landscape. In addition, much of 
the stream has been concrete-lined, adding to algae production 
and fluctuations in DO. 
 
This segment has poor DO levels, high pathogen levels, and elevated biochemical oxygen 
demand (BOD) and nutrient concentrations.  
 
Three point sources operating under National Pollutant Discharge Elimination System (NPDES) 
permits are located in the Valley Creek watershed. The Valley Creek wastewater treatment plant 
(WWTP) is on Valley Creek, and two other point sources are on Opossum Creek.  

Criteria 
Classification Dissolved 

oxygen 
Bacteria 
(fecal) Chronic aquatic life 

For freshwater 
Geometric mean: <1000/100 mL 

F&W >5.0 mg/L 
For freshwater 
Geometric mean: <200/100 mL  
(Incidental water contact  
and recreation, June through 
September) 

7-day, 10-year (7Q10) low flow used to 
establish the chronic aquatic life criteria 
for point source discharges 

LWF >3.0 mg/La 
For Freshwater 
Geometric mean: <1000/100 mLb 

7-day, 2-year (7Q2) low flow used to 
establish the chronic aquatic life criteria 
for point source discharges 

Key Characteristics of Upper 
Valley Creek  
 Poor DO levels 
 High pathogen levels 
 Elevated BOD 
 Elevated nutrient concentrations 
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Conditions in Lower Valley Creek 
In the lower segment, the area is primarily rural, with silvicultural, agricultural, and mining land 
uses. The lower segment has improved chemical, physical, and biological conditions suitable for 
classification as F&W use.  
 
Data Collection and Analysis 
ADEM, the U.S. Geological Survey (USGS), and EPA conducted water quality monitoring. In a 
1989 study, EPA examined biological conditions in Village, Valley, Opossum, and Fivemile 
creeks. Opossum Creek was cited as having poor habitat and deposits of tar-like substances, with 
growth impairment to the fathead minnow. In addition, the study showed mortality to daphnia at 
two sampling points on Valley Creek. A biological survey conducted by EPA in 1997 
documented degraded habitat at two of three sampling stations in Upper Valley Creek (habitat 
scores of 66 and 64 versus 118 in the reference F&W stream), and fewer fish species were 
reported than in the lower segment. On the basis of this information, EPA suggested that Upper 
Valley Creek would need significant enhancements to improve stream habitat and removal of 
excess nutrients to be able to achieve the F&W designated use.  
 
USGS data from the Birmingham Watershed Project confirmed the water quality impacts that 
EPA and ADEM had found. Sampling at several locations from 1998 to 2001 showed that sewer 
overflows, leaking sewer lines, and other regulated and nonregulated stormwater runoff were 
contributing the high pathogen loads. EPA, USGS, and ADEM data showed that conditions 
improved downstream such that F&W uses could be met in Lower Valley Creek. USGS benthic 
macroinvertebrate data from 1999–2000 showed poor taxa richness in Upper Valley Creek, 
consistent with the degraded physical and chemical characteristics. These data exhibited: 
 

 Poor Ephemeroptera, Plecoptera, or Trichoptera (EPT) family richness and poor total taxa 
richness at both sampling sites  

 Low benthic invertebrate diversity and low fish community diversity (Shannon’s index of 
diversity) 

 Absence of sculpin (intolerant of contaminated waters) and spotted sucker (intolerant of 
turbid or silty waters) 

 
In a review of these data, EPA concluded that the aquatic community structure showed degraded 
water quality, negatively affected by anthropogenic impacts in the watershed over an extended 
period.  
 
In another study, USGS monitored DO at three stations on Valley Creek. One station was 
monitored continuously, and DO concentrations at that site ranged from 3.8 to 19.6 mg/L. The 
daily minimum concentrations at the site were between 4 and 5 mg/L for 39 days between June 
25, 2000 and February 22, 2001, with concentrations less than 4 mg/L on one day. Dissolved 
oxygen measurements at two other sampling sites reached as low as 3.3 and 4.3 mg/L. In a 1998 
survey, EPA and ADEM found DO concentrations less than 5 mg/L at a sampling gauge 5 miles 
upstream from the Valley Creek WWTP. This station was downstream of a channelized stream 
segment, which provides an ideal surface for periphytic and other microbial growths that produce 
a large diurnal swing in DO through photosynthesis and respiration. 
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ADEM conducted water quality modeling for the three point sources to predict the effluent limits 
needed to meet the various use classifications (A&I, LWF, and F&W). Modeling showed that 
LWF would be achievable in Upper Valley Creek through effluent limits on the three point 
sources (with the most stringent limits on the Valley Creek WWTP). ADEM also considered 
discharge monitoring report data from the facilities and found that at the time of the UAA, the 
Valley Creek WWTP was operating at very efficient levels and providing a high degree of 
treatment. ADEM concluded that the Valley Creek WWTP would be able to achieve effluent 
limits for the LWF, and that the F&W designation would require much more stringent limits for 
the summer months. With the LWF classification, each facility would be required to conduct 
chronic toxicity biomonitoring.  
 
ADEM also provided an analysis that showed highly elevated bacteria levels and demonstrated 
correspondence of bacteria levels with the patterns of precipitation in the Valley Creek 
watershed. This pattern indicates a strong relationship to nonpoint sources. 
 
Conclusion 
The biological health of Valley Creek is dependant on good physical and hydrological 
characteristics, including proper flow, adequate zones, and diverse substrate. The urbanization of 
the watershed has fostered habitat destruction through erosion, channelization, concrete 
substrate, and excessive light and heat penetration. 
  
In their UAA document, ADEM concluded, in part: 

Leaking sewer lines, domestic animals and wildlife populations, and leaking septic tanks are 
nonpoint sources of both nutrients and bacteria to Valley Creek. Sewer overflows are also a source 
of both nutrients and bacteria to Village Creek that is driven by precipitation. The Valley Creek 
WWTP currently achieves an extremely high level of treatment. Jefferson County is estimated to 
expend $800 million to resolve sewer overflows and replace leaking sewer lines. It is anticipated 
that this substantial capital investment will improve water quality.  
 
It is not currently possible to determine the percent contribution from the known categories of 
nonpoint sources, nor is it possible to project the degree of success in terms of measurable water 
quality improvements that will result from ongoing efforts to resolve sewer overflows and replace 
leaking sewer lines. The available information suggests that the magnitude of nutrient and bacteria 
levels, the variety of sources, and the physical characteristics of the waterbody indicate that the 
F&W use classification is not attainable, and the highest attainable use is LWF. Therefore, F&W 
is not designated at this time as a result of a combination of human-caused conditions (that may 
not be feasible to fully remedy) and natural physical conditions of the watershed unrelated to 
water quality (e.g., high water table). However, as new information becomes available that 
pertains to attainability of the F&W use classification, it will be considered and water quality 
standards revised accordingly. 
  

EPA approved the revision of Alabama’s water quality standards to include the new 
classification of LWF for Upper Valley Creek and F&W for Lower Valley Creek. This is an 
example of a UAA for both aquatic life and recreational uses for an urbanized stream, where 
significant investment is being made to improve water quality, and the results are anticipated to 
reach certain goals but may still fall short of a full “fishable/swimmable” designated use. 
 
Supporting materials for this case study are available in Appendix C.
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New York Harbor Complex UAA 
 
Abstract 

 
A 1985 use attainability analysis (UAA) documents the assessment of waters in the New York Harbor Complex that 
were not thought to meet Clean Water Act (CWA) section 101(a)(2) goals. In the UAA the New York State 
Department of Environmental Conservation (NYSDEC) presents historical data on total and fecal coliform and 
dissolved oxygen, as well as the results of steady-state modeling. The segments considered are effluent-limited 
waters (i.e., the technology-based effluent limitations required by the CWA are inadequate to meet the water quality 
standards), with impairment from urbanization, combined sewer overflows (CSOs), and other point and nonpoint 
source discharges. In the UAA NYSDEC recommends that several segments should be assigned both aquatic life 
and recreational uses. NYSDEC also recommends that some uses be retained and proposes future monitoring and 
assessment. 
 
Background  
The New York Metropolitan Area, with its dense population and development, severely affected 
the marine ecosystems of the Hudson, the East River, and other waterbodies in the New York 
Harbor System. Historically, these waters were forced to assimilate large discharges of municipal 
and industrial waste, as well as intermittent waste from wet weather discharges. A large portion 
of the waste had not been treated prior to discharge. In addition to conventional pollutants, the 
discharges contained a wide assortment of toxic substances that polluted the water and sediments 
in the harbor.  
 
Sources of pollution in the New York Harbor System included stormwater discharges, combined 
sewer overflows (CSOs), discharges from water pollution control plants, untreated sewage 
discharges, urban runoff, wastewater treatment plant and sewer leaks, and bypasses on both sides 
of the river. In 1985 New York Department of Environmental Conservation (NYSDEC) 
conducted a use attainability analysis (UAA) to further identify the sources of pollution and 
water quality conditions. In the UAA the NYSDEC found impairment from total and fecal 
coliforms, suspended solids, dissolved oxygen (DO), biochemical oxygen demand (BOD), and 
sediment. 
 
Applicable New York Water Quality Standards 
Marine waters in New York are classified on a best use basis. The best uses are ranked according 
to the water quality requirements of the use. Four designated uses are considered in the 
classification scheme—shellfishing (SA), bathing/primary recreation (SB), fishing (SC), finfish 
propagation (I), and fish survival (SD). General aquatic uses (e.g., aesthetic enjoyment and 
maintenance of fish and wildlife) are assumed in all classifications. A best use classification 
includes all the uses in the lower classifications and excludes the uses specified in the higher 
classifications. For example, a primary recreation classification would show all uses except the 
taking of shellfish for market purpose, which is a higher use specified in the shellfishing 
classification. The classification system also precludes a higher use if the standards of a lower 
use are being used. For example, if the waterbody is not suitable for fishing, it is also unsuitable 
for swimming. 
 

Complexity: Medium Type of Action: Assign aquatic life & recreational uses 
Region: 2 131.10(g) Factors: 3
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For best use classification, the state has water quality standards that must be met to protect and 
preserve the intended use of the water, and criteria for DO, coliform bacteria, pH, temperature, 
dissolved solids, turbidity, color, taste and odor, floating materials, oil, and toxic wastes apply. 
Because all waters in New York are intended for general uses, such as aesthetic enjoyment and 
maintenance of fish and wildlife, most criteria apply to all the marine waterbodies regardless of 
classification. Only the DO, coliform bacteria, and toxic waste criteria vary among different 
classifications.  
 
Data Collection and Analysis 
In 1985 NYSDEC performed a UAA because several portions of the Harbor did not meet the 
section 101(a)(2) goals of the CWA (fishable/swimmable). The UAA used data from the New 
York City 208 planning process, as well as an environmental impact statement from the North 
River Pollution Control Project, a final report for the Red Hook Water Pollution Control Project, 
New York State Department of Health pre-classified studies of the Lower Hudson and Lower 
East River, a NYSDEC study of water quality and waste assimilative capacity of the Hudson 
River, a water quality assessment of marine CSO abatement along the New Jersey shore, surface 
water quality standards for New Jersey, facility plans for the Coney Island and Owls Island water 
pollution control plants, a New York Harbor Complex UAA performed by New Jersey 
Department of Environmental Protection in 1985, and the New York State Water Quality 
Standards Attainable Strategy. 
 
In the 1985 UAA, the authors estimated wastewater flow to the New York Harbor Complex from 
sources such as CSOs, untreated sewage discharges (point sources), other urban nonpoint 
sources, and treated effluent (not disinfected in winter) from New York and New Jersey. The 
goal of the UAA was to refine water classifications, create new criteria, and modify standards. 
The New York City Department of Environmental Protection assessed attainable uses in each of 
the waterbodies and evaluated various water quality alternatives to determine the amount of 
treatment necessary to attain the objectives of each alternative. In some cases, it was determined 
that treatment would allow the classification and use to be upgraded. 
 
Various treatment alternatives were examined for each waterbody in an effort to upgrade each 
waterbody’s classification and use when possible. Such alternatives included the secondary 
treatment alternative (all water pollution control plants achieve secondary treatment of waste) 
and the zero discharge alternative (zero discharge of pollution with 90 percent CSO control). 
 
Hudson River and Upper New York Bay 
On the basis of its analysis, the New York City Department of Environmental Protection did not 
believe that there were potentially exploitable commercial shellfish populations in the Hudson 
River within New York City and Westchester and Rockland counties. The assessment was based 
on a review of biological data collected by a number of institutions and consultants documenting 
that there was not an extensive population of commercially important shellfish species in the 
area. At the time of the study, it was not clear whether the absence of shellfish was due to 
pollutants or to physical or environmental reasons. 

 
For the Hudson River and Upper New York Bay (classified as I), the authors assessed shellfish 
and bathing potential. Designation of the swimming use for the Hudson River and Upper New 
York Bay depended on attaining the coliform standard of 200 most probable number (MPN) 
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fecal coliforms per 100 mL. At the time of the UAA, significant bacterial pollution was present 
in most of the metropolitan Hudson, especially below its confluence with the Harlem River. The 
principal sources of bacterial pollution were heavy discharges of untreated and inadequately 
treated sewage from New York and New Jersey. Other sources of coliforms might have included 
CSOs, urban runoff, treatment plant and sewer leaks, and bypasses on both sides of the river. It 
was estimated that with the secondary treatment level alternative (all plants at the secondary 
level), fecal coliform levels in the Hudson River between the state line and its confluence near 
the Harlem River would fall below the criterion for SB classification (swimmable). On the basis 
on anticipated future improvements, it was recommended that the Hudson River segment 
between the state line and its confluence with the Harlem River be upgraded to SB classification. 

 
For the Hudson River segment between the Harlem River junction, the Battery, and the Upper 
New York Bay, secondary treatment was predicted to lower the fecal coliform level to less than 
the existing Class I criterion, but not enough to meet the SB classification. Only the zero 
discharge alternative with 90 percent CSO control was predicted to reduce coliforms to achieve 
swimmable goals (but not enough to attain shellfish goals). 
 
East River and Harlem River 
The East River (classified as SD) was assessed for fish passage. At the time of the UAA, the 
river had strong tidal currents and a deep hard substrate, which provided a limited and harsh 
environment. River encroachment by a landfill, dredging, blasting, and pollution had caused 
severe physical changes to the river. However, several studies indicated that fish, benthic 
organism, phytoplankton, zooplankton, and periphyton populations existed in the East River. In 
fact, the community in 1985 was similar to that which had existed 200 years before and consisted 
of species that can tolerate a harsh environment. On the basis of this information, the authors 
concluded that the classifications for the East River and Harlem River should be upgraded to 
Class I for fish propagation.  
 
The principal sources of bacterial pollution in the East River were discharges of untreated 
sewage from the Red Hook drainage area in Brooklyn. Other sources of coliforms might have 
included CSOs, urban runoff, plant and sewer leaks, and bypasses on both sides of the river. 
Analyses showed that with the secondary treatment alternative (all plants at the secondary 
treatment level), fecal coliform would not fall below the criterion for SB classification. Even the 
zero discharge alternative with 90 percent CSO control was not predicted to achieve sufficient 
reduction of coliforms to meet swimmable or shellfishing goals. 
 
Jamaica Bay 
At the time of the UAA, Jamaica Bay was classified for swimming (SB). It was noted that hard 
clams existed in the bay. For the bay to be designated SA (direct shellfish harvesting), a coliform 
standard of 70 MPN total coliform per 100 mL had to be met. The principal sources of bacterial 
pollution in Jamaica Bay were attributed to CSOs. Various treatment alternatives were 
considered in the analysis. The secondary treatment alternative was not predicted to lower total 
coliform levels below the criterion for direct shellfishing (SA). In addition, the zero discharge 
alternative with 90 percent CSO control was not predicted to achieve sufficient coliform 
reduction to meet swimmable or shellfishing goals. 
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Lower New York Bay 
Lower New York Bay was classified for swimming (SB). As in Jamaica Bay, hard clams were 
present. For the bay to be designated SA (direct shellfish harvesting), a coliform standard of 70 
MPN total coliform per 100 mL had to be met. The principal source of bacterial pollution in 
Lower New York Bay was carry-over discharges of untreated and inadequately treated sewage 
from New York and New Jersey. Other sources of coliforms might have included CSOs, urban 
runoff, plant and sewer leaks, and bypasses on both sides of the river. The secondary treatment 
alternative was not predicted to lower total coliform levels below the criterion for direct 
shellfishing (SA). However, the zero discharge alternative with 90 percent CSO control was 
predicted to achieve sufficient coliform reduction to meet direct shellfishing goals. 

 
Table 2 describes classifications pre-UAA and recommended classifications post-UAA, based on 
water quality in the waterbodies and anticipated future improvements.  
 
Table 2. Classification and Best Use Specification of Waterbodies Not Meeting CWA Section 101(a)(2) Goals 
and Recommended Classification Upgrades (from the 1985 UAA) 

Waterbody Classification 
(pre-UAA) 

Recommended 
classification 
(post-UAA) 

Change 

 
I (Fishing) 
 
 

 
SB (Bathing) 

 
Use upgrade 

Hudson River  
- From the Harlem River confluence to the 

New Jersey/New York border 
 
- From the Harlem River to Battery I (Fishing) I (Fishing) No change 

Upper New York Bay I (Fishing) I (Fishing) No change 
Lower New York Bay SB (Bathing) SB (Bathing) No change 
Jamaica Bay SB (Bathing) SB (Bathing) No change 
East River (from the Battery to Flushing Bay) SD (Fish Passage) I (Fishing) Use upgrade 

 
SD (Fish Passage) 

 
I (Fishing) 

 
Use upgrade 

Harlem River  
- East River to Washington Bridge 
 
- Washington Bridge to Hudson River I (Fishing) I (Fishing) No change 

 
Assessment of Alternatives 
In assessing possible alternatives, only the zero discharge alternative with 90 percent CSO 
control was predicted to achieve sufficient coliform reduction to achieve the 
shellfishing/swimming goals for most of the New York Harbor Complex. In some cases, the zero 
discharge alternative was not predicted to produce sufficient coliform reductions to achieve 
shellfishing goals. However, the New York City 208 report, from which data were taken for the 
1985 UAA, concluded that environmental, technical, and institutional factors made this 
alternative unfeasible. If the alternative were implemented, projected improvements in water 
quality might not occur because the precision of the model used to predict the improvements was 
not demonstrated for total and fecal coliforms. In addition, the remaining 10 percent of CSOs not 
controlled by the alternative would still affect the Lower New York Bay. The estimated 
reductions in coliforms (from chlorination of primary-treated captured CSOs) might also have 
been overestimated. The New York City 208 report also noted that the applicability of steady-
state models to CSO and coliform bacteria analysis is limited. 
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To meet the fishable/swimmable water quality goals of the CWA, CSO abatement in the New 
York Harbor area was found to be crucial. The zero discharge alternative would entail in-line 
(sewer) and off-line storage, followed by primary treatment and disinfection. The total cost of 
this control method was found to be significant, and the engineering feasibility had not yet been 
established at the time of the 1985 UAA. A detailed study throughout the harbor was deemed 
necessary to demonstrate the feasibility of the control option. 
 
Conclusions 
The 1985 UAA had several conclusions. First, NYSDEC recommended an upgrade of 
classification and best use for several waterbodies analyzed in the UAA. NYSDEC concluded 
that a CSO abatement program might be necessary to comply with current water quality 
standards and to protect the designated uses. A more detailed evaluation of CSO problems and 
abatement alternatives for the New York Harbor Complex was deemed necessary. Finally, the 
study showed that additional research should be performed because other treatment/abatement 
alternatives for CSOs, which had not been evaluated in the New York City 208 planning process, 
might result in the goal of water quality suitable for swimming and shellfishing. EPA approved 
the changes to designated uses as part of a water quality standards review. 
 
Supporting materials for this case study are available in Appendix D. 
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Red Dog Mine UAA 
 
Abstract 

 
A use attainability analysis (UAA) was performed on Red Dog Creek, which runs through the site of Red Dog mine, 
the largest zinc mine in the world. Red Dog Creek flows only 3–4 months of the year. Several parts of the creek are 
affected by mining discharges and some acid rock drainage. In addition, the area contains natural ore bodies, 
resulting in naturally high concentrations of cadmium, lead, zinc, aluminum, and other metals. Pre-mining surveys 
done in this area indicated that aquatic life uses were not present because of the toxic concentrations of metals, as 
well as naturally low pH. The UAA for Red Dog Creek demonstrated that aquatic life uses should be removed 
because of the naturally occurring pollutants. Because of the natural conditions, the criteria for cadmium, lead, zinc, 
aluminum, and pH cannot be met without human intervention, precluding that aquatic life uses being met. However, 
treatment of mine wastewater had led to the presence of Arctic grayling that should be protected. A site-specific 
criterion for total dissolved solids (TDS) was developed to protect the grayling when spawning. EPA approved these 
changes to Alaska’s water quality standards. 
 
Background 
Red Dog Mine, in the DeLong Mountains of northwestern Alaska (Figure 5), is the largest zinc 
mine in the world. The mine discharges treated water into Red Dog Creek, a tributary to 
Ikalukrok Creek, which feeds the Wulik River. The Wulik River drains into the Chukchi Sea and 
is the drinking water source for Kivalina, a native village 54 miles southwest of the mine. 
Several parts of Red Dog Creek are affected by mining discharges and some acid rock drainage. 
 

 
Figure 5. Red Dog Area (Alaska Department of Environmental Conservation, 2005). 

 

Complexity: Medium Type of Action: Removal of aquatic life uses & development of site-  
 specific criterion 

Region: 10 131.10(g) Factors: 1, 3
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In addition, the area contains natural ore bodies with naturally high concentrations of cadmium, 
lead, zinc, aluminum, and other metals. Pre-mining surveys performed in the early 1980s 
indicated that aquatic life uses were not present because of the toxic concentrations of metals, as 
well as naturally low pH.  
 
Data Collection and Analysis 
By default, Alaska designates all waters for all uses (Table 3). A use attainability analysis (UAA) 
was performed on Red Dog Creek to assess whether its aquatic life uses were being met. In 1997 
Alaska submitted the UAA to EPA for review. On the basis on the information presented in the 
UAA, EPA approved the removal of the aquatic life uses for Red Dog Creek in February 1998. 
A site-specific criterion for total dissolved solids (TDS) was applied to the main stem of the 
creek to protect Arctic grayling when spawning. The entire process of performing the UAA 
through EPA approval of changes to Alaska’s water quality standards took 3 years.  
 
Table 3. Designated Uses for Alaska 

Fresh water uses Marine water uses 
Drinking, culinary, and 
food processing 

Aquaculture 

Agriculture, including 
irrigation and stock 
watering 

Seafood processing 

Aquaculture 

Water supply 

Industrial  

Water supply 

Industrial 

Contact recreation Contact recreation Water recreation 
Secondary recreation 

Water recreation 
Secondary recreation 

Growth and propagation of fish, shellfish, other 
aquatic life, and wildlife 

Growth and propagation of fish, shellfish, other 
aquatic life, and wildlife 

Harvesting for consumption of raw mollusks or 
other raw aquatic life 

 
The aquatic life use removal was based on naturally occurring pollutant concentrations, 40 CFR 
131.10(g) factor 1. Water quality and biological data collected during baseline studies were used 
to describe pre-mining conditions. Many of the same monitoring stations that had been used in 
the original studies were used to conduct monitoring after the development of Red Dog Mine. 
These studies showed toxic concentrations of cadmium, zinc, lead, aluminum, and other metals. 
Poor water quality resulted from the natural chemical breakdown of sulfide minerals, a process 
that contributes to acid rock drainage. The observed reddish-orange color of the creek water 
indicated a metal sulfide deposit.  
 
In the Red Dog Creek UAA, aquatic life was defined to include all aspects of the aquatic 
community, including fish, macroinvertebrates, microinvertebrates, periphyton, and 
macrophytes. Pre- and post-mining surveys done at this location indicated limited aquatic life in 
Red Dog Creek due to the toxic concentrations of metals and the naturally low pH. Fish use of 
Red Dog Creek was limited to migration to the North Fork Red Dog Creek, upstream of Red 
Dog Creek, during spring high flows. Fish experienced high mortalities in Red Dog Creek during 
downstream migration because of the high levels of metals and low pH. There are also few 
subadult-age grayling in the North Fork Red Dog Creek, which is hypothesized to be the result 
of the poor conditions in Red Dog Creek, in which migrating adults must swim.  
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Site‐specific Criterion for TDS 
Red Dog Mine discharges into the Lower Middle Fork of Red Dog Creek. Mine drainage water 
is collected in the tailings pond, treated with lime to remove harmful heavy metals, and 
discharged in the summer. Although this treatment is appropriate to keep heavy metals out of 
surface waters, it results in higher concentrations of dissolved solids that are discharged into the 
creek. High levels of TDS can affect some aquatic species, particularly salmonids, during critical 
life stages such as spawning. As a result of the treatment to reduce metals in the effluent from the 
mine, the TDS levels exceed the current water quality criterion of 500 mg/L. Lowering the TDS 
in the effluent would reduce the effectiveness of the wastewater treatment and cause higher metal 
concentrations and higher toxicity in the mine wastewater discharge and downstream waters.  
 
Discharge from the mine has led to more consistent (non-ephemeral) flows in the main stem of 
Red Dog Creek and has allowed aquatic life to develop in the segment. In the absence of the 
effluent from the mine, the main stem would flow only 3–4 months of the year. If the discharge 
were to be discontinued, the aquatic productivity in the stream would decrease. Ten years of 
aquatic surveys have demonstrated that aquatic productivity in the main stem has increased from 
pre-mining conditions due to effective water management practices and treatment. Arctic 
grayling spawn in the main stem of the creek from late May to mid-June. Because TDS has been 
shown to adversely effect fish fertilization, a fish barrier was constructed across the main stem of 
Red Dog Creek to block the passage of fish up the Middle Fork of Red Dog Creek, which leads 
to the point of discharge of the mine.  
 
In January 2001 a site-specific criterion was proposed for the main stem of Red Dog Creek to 
allow higher levels of TDS during most of the year while limiting TDS and protecting the 
grayling while they spawn. A site-specific criterion is a water quality limit that pertains to only a 
specific area in a stream, lake, or bay. In this case it applies to only the main stem of Red Dog 
Creek. Studies showed that Arctic grayling were the only salmonids spawning in Red Dog 
Creek. Because fertilization was observed to be the most critical and vulnerable life stage for 
salmonids, a site-specific TDS criterion of 500 mg/L during spawning was proposed. A criterion 
of calcium-dominated TDS of 1500 mg/L was proposed for all other times. Calcium-dominated 
TDS contain calcium greater than 50 percent by weight of all cations. Although studies showed 
that 1500 mg/L was protective of salmonids and aquatic invertebrates, there were no data on 
protective levels for fertilization. 
 
Conclusion 
The site-specific criterion for TDS was adopted into the Alaska Water Quality Standards in June 
2003 and submitted to EPA for approval. EPA approved the 1500 mg/L TDS during non-
spawning but requested additional testing on the effects of TDS on the spawning success of Artic 
grayling. Additional studies were developed in consultation with EPA, the Alaska Department of 
Natural Resources’ Office of Habitat Management and Permitting, the Alaska Department of 
Fish and Game, and the Alaska Department of Environmental Conservation. In 2004 and 2005 
studies were conducted on site at the Red Dog Mine. The results indicated that calcium-
dominated TDS levels up to 1500 mg/L would be protective during Arctic grayling spawning. A 
change to Alaska’s water quality standards is in progress to incorporate the 1500 mg/L TDS 
level for Red Dog Creek at all times. Water quality monitoring data indicated that setting the 
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1500 mg/L TDS level in the main stem of Red Dog Creek would be protective of all downstream 
uses in Ikalukrok Creek and the Wulik River as well. 
 
Supporting materials for this case study are available in Appendix E. 
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Montana’s Temporary Water Quality Standards—New World 
Mining District 
 
Abstract 

 
Montana’s Water Quality Act allows for application of temporary modification of water quality standards where a 
waterbody is not meeting its designated use. The ultimate goal of the temporary modification is to improve water 
quality to the point where designated uses are fully supported. As such, temporary standards play a key role in the 
remediation of damaged water resources, because the underlying designated uses and criteria are established as 
goals which drive water quality improvements. The duration of temporary standards is set based on an estimate of 
the time needed for remediation at a specific site, and because the clean up of legacy pollutants often takes time, 
temporary standards can be and are issued for multiple years. The state uses 20 years as its time horizon for 
estimating future watershed remediation opportunities, and therefore, temporary standards could be issued for as 
much as 20 years. The New World Mining District is an example of a well-funded and successful project. The 
waters were classified as suitable for a number of uses, including drinking water, recreational, and aquatic life uses.  
 
Background 
In the Water Quality Act, Montana has adopted a provision for temporary water quality 
standards (75-5-312, Montana Code Annotated, MCA). The standards allow the Board of 
Environmental Review (the Board) to temporarily modify a water quality standard for a specific 
waterbody or segment on a parameter-by-parameter basis. The goal of this tool is to “improve 
water quality to the point at which all the beneficial uses designated for that waterbody or 
segment are supported.”  
 
Establishment of Temporary Water Quality Standards  
To obtain a temporary modification of the water quality standards, a petitioner must submit 
supporting documentation that shows that the waterbody or segment is not supporting its 
designated use. This documentation must consider (1) the chemical, biological, and physical 
condition of the waterbody; (2) the specific water quality-limiting factors affecting the 
waterbody; (3) the existing water quality standards that are not being met; (4) the temporary 
modifications of the existing water quality standards being requested; (5) the existing beneficial 
uses; and (6) the designated uses considered attainable in the absence of the water quality-
limiting factors. 
 
In addition, the petitioner must provide a preliminary implementation plan that outlines what the 
petitioner will do to return the waterbody back to full support of the original water quality 
standards. The implementation plan must contain (1) a description of the proposed actions that 
will eliminate the water quality-limiting factors identified to the extent achievable and (2) a 
schedule for implementing the proposed actions that ensures that the current water quality 
standards for the parameter or parameters at issue are met as soon as reasonably practicable. 

 
After the petition is submitted, the Board goes through a public process and decides whether to 
move forward and the appropriate length of time the new standards will be in effect. If the Board 
adopts the temporary water quality standards, then the petitioner must modify the preliminary 
implementation plan as instructed by the Board and develop a detailed work plan each year until 

Complexity: Complex Type of Action: Temporary standards for multiple uses during  
 remediation 

Region: 8 131.10(g) Factors: 3
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remediation is complete. The statute sets a maximum of 20 years for the temporary standards. 
The Board reviews the temporary standards and implementation plan—including progress made 
toward water quality improvements—at least every 3 years until the waterbody reaches full 
support of the designated use or the standards expire. 
 
Temporary standards may be terminated if the values for the modified parameter or parameters 
improve to conditions that support all designated uses for the classification, the water for which 
the temporary standards were adopted is reclassified, or the plan submitted in support of the 
temporary water quality standards is not being implemented according to the plan’s schedule or 
modifications to that plan or schedule made by the Board or by the Montana Department of 
Environmental Quality (DEQ). 
 
Example: The New World Mining District 
One example of temporary 
standards in Montana is for the 
New World Mining District, 
approximately 4 miles 
northeast of Yellowstone Park 
(Figure 6). Three rivers flow 
through this area—the Clarks 
Fork of the Yellowstone, the 
Stillwater, and the Lamar. The 
site covers approximately 40 
square miles. This area has 
hard rock mining wastes and 
acidic discharges that contain 
elevated levels of heavy 
metals. U.S. Department of 
Agriculture’s Forest Service is 
conducting remediation with 
oversight by the Montana Department of Environmental Quality (DEQ). 
 
Data Collection and Analysis 
Streams in the District have been classified B-1, with the following designated uses: the water 
quality is to be maintained suitable for drinking, culinary and food processing (after conventional 
treatment), bathing, swimming and recreation, growth and propagation of salmonid fishes and 
associated aquatic life, waterfowl and furbearers, and agricultural and industrial water supply. 
For class B-1 waters, standards have been set for Escherichia coli (E. coli) bacteria, dissolved 
oxygen, pH, turbidity, temperature, sediment or floating solids, color, and toxic, carcinogenic, or 
harmful parameters. Some stream segments in the mining district have not been able to achieve 
some designated uses due, in part, to historical mining activities. 
 
The major sources of water quality impairment at the site include heavy metals present in mine 
waste pits, acidic water discharging from mine openings, and underground sulfide ore deposits 
that have been exposed to the atmosphere. Metal-laden mine wastes are transported to surface 
waters through mechanisms such as erosion, infiltration, dissolution of contaminants in runoff, 

Figure 6. New World Mining District (USDA, 2002). 
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and groundwater discharge. Since 1977 state and federal agencies have conducted several 
investigations to determine the nature and extent of metal impacts on surface waters in the 
District. Earlier studies have shown that metal loadings in streams are derived from groundwater 
inflow, adit (a nearly horizontal passage from the surface in a mine) discharges, tributary inputs, 
and leachate from waste dumps. Waste sources, however, are widely scattered throughout the 
District, and contributions from individual sources are difficult to quantify.  
 
In 1996 the United States and Crown Butte Mining, Inc. (CBMI) signed a Settlement Agreement 
under which the United States would purchase the company’s holdings in the District. Under the 
agreement, all proposed mining operations were ended, and $22.5 million was provided to clean 
up the historical mining impacts. A consent decree was signed in 1998 by all interested parties to 
finalize the terms of the Agreement and make the funds for cleanup activities available. Of the 
total amount provided, $2.5 million was earmarked for remediation of natural resource damage 
in this area. The consent decree specified that “performance of response and restoration actions 
will initially address release of hazardous substances, natural resources lost, and conditions 
affecting water quality and natural resources that are related to District Property.” The Forest 
Service was designated as the lead agency in charge of administering the cleanup. 
 
The Forest Service and CBMI completed supporting documentation and petitioned for temporary 
standards for Fisher Creek, Daisy Creek, and a portion of the upper Stillwater River on  
January 22, 1999. The accompanying support document provided the necessary information 
required by the Montana Water Quality Act. The Board approved and adopted the temporary 
standards for the petitioned stream segments following public comment in July 1999. These 
standards are in effect for 15 years. The goal of using the temporary standards is to allow 
remediation activities to have time to yield water quality improvements that will result in all 
waters supporting B-1 uses. Modified criteria were established for aluminum, cadmium, copper, 
iron, manganese, zinc, and pH for Daisy Creek and for aluminum, copper, iron, lead, manganese, 
zinc, and pH for Fisher Creek and a portion of the upper Stillwater River (Table 4). 
  
Table 4. Original and Modified Numeric Criteria (Montana DEQ, 2005) 

Original criteria Modified criteriaa Waterbody 
Al Cd Cu Fe Mn Pb Zn pH Al Cd Cu Fe Mn Pb Zn pH  

Daisy Creek 9510 4 3530 6830 1710 n/a 540 >4.6 
Stillwater River 670 n/a 200 1320 86 13 49 >5.5 
Fisher Creek 

750 1.05b 7.3b 1000 -- 82c 67b d 
470 n/a 110 750 82 2 44 >5.7 

a All criteria except pH are shown as micrograms per liter (μg/L); pH is measured in standard units (su). 
b At 50 mg/L hardness. 
c At 100 mg/L hardness. 
d Induced variation of hydrogen ion concentration (pH) within the range of 6.5 to 8.5 must be less than 0.5 pH unit. Natural pH 
outside this range must be maintained without change. Natural pH above 7.0 must be maintained above 7.0. 
 
As required by the Board for approval of temporary standards, a work plan was developed and 
approved under the direction of the Forest Service. The work plan described existing conditions 
at the site, set forth the goals and objectives of cleanup activities, and established an 8-year 
schedule under which activities would be completed. 
 
Project activities in the District began in 1999 under the direction of the Forest Service. The 
general schedule was to finalize the site characterization work in 1999, begin cleanup activities 
in 2000 and 2001, and complete active cleanup activities by 2002. Years five through eight were 
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dedicated to monitoring surface water quality, groundwater quality, and revegetation at the 
reclaimed sites and to performing any necessary maintenance. Annual work plans have been 
developed to reflect changing remediation activities. 
 
Triennial Review of Temporary Standards 
Water quality monitoring is ongoing and is conducted several times each year at numerous 
monitoring stations. The monitoring is done to detect and measure improvements that result from 
cleanup actions and to comply with the rules in place for water quality standards related to the 
project. The 2002 Progress Report results include the following:  
 
1. Monitoring on Fisher Creek showed that water quality had been in compliance with the temporary 

standards since 1999 and several criteria associated with the B-1 standards were being met. Zinc 
concentrations were below the chronic and acute aquatic standards for B-1, and copper concentrations 
had fallen below chronic aquatic standards during winter base flow conditions since 1999 at one 
monitoring location. However, copper exceeded acute and chronic aquatic standards during spring 
runoff at this station, when flows increase and scoured sediments with high metals concentrations 
significantly affect water quality. During base flow conditions in the fall, only copper exceeded acute 
or chronic aquatic standards. Aluminum exceeded chronic aquatic standards during high-flow 
conditions in 1999 but did not exceed these standards in 2000 or 2001. Zinc exceeded the narrative 
standard on only two occasions since the standard was established; both exceedences occurred during 
low-flow periods (May 1999 and October 2000). Water quality in Fisher Creek generally improved 
downstream, as shown in the lower concentrations measured at several downstream monitoring 
locations.  

2. No temporary standards have been exceeded at the monitoring station on the Stillwater River since 
the standards became effective in 1999. For the B-1 standards, copper exceeded chronic and acute 
aquatic standards at this station during each of the three high-flow events monitored since 1999. 
Copper fell below the chronic aquatic standard generally during low-flow conditions. Aluminum 
exceeded the chronic aquatic standard during each of the high-flow events and one of the winter base 
flow events. Zinc concentrations were lower than the acute/chronic aquatic standard at this station 
since monitoring began in 1990, and iron concentrations were lower than the chronic aquatic standard 
since the early 1990s. During fall base flow at this station, there were no exceedences of aquatic 
criteria. 

3. Monitoring at two locations on Daisy Creek showed that all metal concentrations measured since 
1999 were below both temporary and narrative water quality standards for the majority of the 
sampling events conducted and the parameters analyzed, with only two exceptions. In terms of the B-
1 standards, aluminum, copper, and zinc exceeded the acute and chronic aquatic standards during all 
monitoring events (except zinc in April 2000) since 1999. Iron exceeded the chronic aquatic standard 
consistently at one location, and lead exceeded the chronic aquatic standard on one occasion in the 
past 3 years. At one location, copper exceeded aquatic standards for all events. Iron exceeded the 
chronic aquatic standard all the time, and lead exceeded the chronic aquatic standard on most 
sampling events. Metal concentrations at both stations have declined since 1996. 

 
As of the 2005 project summary, water quality monitoring results show that improvements are 
beginning to be realized at the farthest downstream stations on Fisher Creek and the Stillwater 
River, and additional water quality improvements are expected to be measured in the near future 
as the major cleanup projects are completed. Some improvements are also beginning to be 
realized in the most upstream stations in the headwaters of Fisher Creek and Daisy Creek. The 
full impact of this comprehensive cleanup project on water quality will not be evident for several 
years. 
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Conclusion 
The Montana Department of Environmental Quality has found the use of temporary 
modifications of water quality standards and the associated implementation plan to be a very 
useful tool to restore water quality. The requirement for an implementation plan with progress 
reports is an important incentive to attaining the goals initially set out. The cleanup activities 
were initially scheduled to be completed in 8 years, but this process is iterative. Once 
remediation activities outlined in the project work plan are completed, analysis and monitoring 
will determine whether Fisher Creek, Daisy Creek, and the portion of the upper Stillwater River 
meet the B-1 classification. The 2005 project summary prepared by the Forest Service indicates 
that work will be completed in 2007, with additional monitoring in 2008. After monitoring, 
USFS and Montana DEQ will decide what further work needs to be done to complete the 
cleanup within the 15 year timeline set forth in the temporary standards.  
 
Use of temporary standards for the New World Mining District has been successful, in part, 
because adequate funding was available for remediation efforts. Resource availability and 
jurisdictional complexities associated with the Upper Blackfoot Mining Complex have lessened 
the effectiveness of using temporary water quality standards in that case. 
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Chesapeake Bay UAAs 
 
Abstract 

 
Chesapeake Bay waters have been impaired by nutrients and sediment from point and nonpoint sources. These 
impairments have led to low levels of dissolved oxygen and inability to meet designated uses. Two use attainability 
analyses (UAAs) were conducted, with several states involved, to evaluate three of the 131.10(g) factors: natural 
conditions, human-caused conditions, and economics. Maryland collected a significant amount of monitoring data 
and developed a model to use the data to assess whether the bay’s waters were meeting their designated uses. One 
result of the UAAs was the decision to refine the aquatic life uses. Five designated uses were identified, and the 
seasonality of each was considered. Maryland promulgated these designated uses in its water quality standards, and 
EPA approved the new standards in 2005. 
 
In addition, restoration variances were added to Maryland’s proposed water quality standards as refinements to 
proposed criteria. These variances can be applied over an entire segment of the Bay, rather than directed at a specific 
discharger or group of dischargers. The temporary modifications allow for realistic recognition of current and 
attainable conditions while retaining the designated use and setting full attainment as a future goal. In addition, the 
variance allows for incremental improvements in water quality goals. 
 
Background 
Over the past 22 years, since the creation of the 
Chesapeake Bay Program, progress has been 
made toward restoring the Chesapeake Bay 
(Figure 7), but a number of problems remain. 
Portions of the bay and its tidal tributaries are 
listed as impaired primarily because of low 
dissolved oxygen levels, which do not support 
the living resources of the bay. Nutrients 
emanate from many activities—agriculture, 
urbanization, septic systems, deforestation and 
removal of streamside buffers, air deposition, 
and point sources (e.g., wastewater treatment 
plant discharges). Many of the nutrients 
entering the bay are dissolved in runoff; some 
are associated with sediment in runoff. The 
result of the excessive nutrients in the bay are 
increased algae growth (measured as 
chlorophyll a), decreased water clarity 
(measured as turbidity), and decreased 
dissolved oxygen levels. 
 
Through the collaboration of the Chesapeake Bay Program, states, the District of Columbia, 
citizens, and EPA are striving to develop strategies, tools, and activities to reduce nutrient and 
sediment pollution inputs to the bay. The Chesapeake 2000 agreement sets an aggressive goal of 
reducing nutrients and sediment inputs to the Chesapeake Bay to levels that will support the 
restoration of the bay’s living resources by 2010. An indicator for meeting this goal is the 

Complexity: Very complex Type of Action: Refined aquatic life uses and restoration variance 
Region: 3 131.10(g) Factors: 1, 3, 6

Figure 7. Chesapeake Bay watershed (USEPA, 2003b). 
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removal of the Chesapeake Bay and its tidal tributaries from the list of impaired waters required 
under Clean Water Act (CWA) section 303(d) (i.e., the 303(d) list).  
 
EPA Guidance 
In April 2003 EPA Region 3 issued Ambient Water Quality Criteria for Dissolved Oxygen, 
Water Clarity and Chlorophyll a for the Chesapeake Bay and Its Tidal Tributaries (Regional 
Criteria Guidance) as technical guidance to help the jurisdictions surrounding the Chesapeake 
Bay to better achieve and maintain the water quality conditions necessary to protect the existing 
uses in the bay. This Regional Criteria Guidance provides states with two important mechanisms 
to help them implement an overall nutrient reduction strategy. First, it defines the water quality 
conditions for nutrients called for in Chesapeake 2000 through the development of Chesapeake 
Bay-specific water quality criteria for dissolved oxygen, water clarity, and chlorophyll a. EPA 
intended the Regional Criteria Guidance to assist the Chesapeake Bay jurisdictions in adopting 
revised state water quality standards for these critical parameters. Second, the Regional Criteria 
Guidance provides states with suggestions for revised tidal water designated uses within the 
Chesapeake Bay. The water quality criteria and refined designated uses presented in the Regional 
Criteria Guidance represent the collaboration of the various partners and stakeholders of the 
Chesapeake Bay region.  
 
EPA developed the Technical Support Document for Identifying Chesapeake Bay Designated 
Uses and Attainability (Technical Support Document) to help the states document and justify the 
recommended refined designated uses for the Chesapeake Bay and its tributaries. The Technical 
Support Document outlined the following objectives: 
 
 Document why current aquatic life designated uses are not protective and are unattainable in 

all parts of the Chesapeake Bay system because of natural and human-caused conditions that 
cannot be remedied. 

 Document the rationale and scientific basis for the proposed refined designated uses. 
 Document that the refined designated uses are attainable. 
 Provide technical background information for Maryland, Virginia, Delaware, and the District 

of Columbia to develop UAAs in support of changing their respective current designated uses 
(as of 2003). 
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The Regional Criteria Guidance and Technical Support Document identify five designated uses 
that, if adequately protected, will lead to the improvement and protection of the living resources 
of the Chesapeake Bay and its tidal tributaries. Figure 8 illustrates these five designated uses, 
which are coupled with the three water quality criteria (dissolved oxygen, water clarity, and 
chlorophyll a) to form the basis of the Chesapeake Bay Program’s strategy to safeguard the bay 
from nutrient pollution. To protect the bay’s 
aquatic resources, program managers must 
accurately delineate locations to apply these 
tidal-water designated uses, which are the 
following: 
 
 Migratory fish spawning and nursery 

designated use protects migratory and 
resident tidal freshwater fish during the late 
winter to late spring spawning and nursery 
season in tidal freshwater to low-salinity 
habitats. Located primarily in the upper 
reaches of many bay tidal rivers and creeks 
and the upper main stem Chesapeake Bay, 
this use will benefit several species, 
including striped bass, perch, shad, herring, 
sturgeon, and largemouth bass. 

 Shallow-water bay grass designated use 
protects underwater bay grasses and the 
many fish and crab species that depend on 
the vegetated shallow-water habitat provided 
by underwater grass beds. 

 Open-water fish and shellfish designated use focuses on surface water habitats in tidal creeks, rivers, 
embayments, and the main stem Chesapeake Bay and protects diverse populations of sport fish, 
including striped bass, bluefish, mackerel and sea trout, as well as important bait fish such as 
menhaden and silversides. 

 Deep-water seasonal fish and shellfish designated use protects animals inhabiting the deeper 
transitional water column and bottom habitats between the well-mixed surface waters and the very 
deep channels. This use protects many bottom-feeding fish, crabs and oysters, and other important 
species such as the bay anchovy. 

 Deep-channel seasonal refuge designated use protects bottom sediment-dwelling worms and small 
clams that bottom-feeding fish and crabs consume naturally. Low to occasional no dissolved oxygen 
conditions occur in this habitat zone during the summer. 

 
Water Quality Criteria 
The Regional Criteria Guidance reflects EPA’s National Strategy for the Development of 
Regional Nutrient Criteria by establishing waterbody-specific (estuarine) and nutrient eco-region 
specific criteria. The three Chesapeake Bay criteria—dissolved oxygen, water clarity, and 
chlorophyll a—should be viewed as an integrated set of criteria applied to their respective sets 
of designated use habitats and addressing similar and varied ecological conditions and water 
quality impairments. The criteria provide the basis for defining the water quality conditions 
necessary to protect the five essential Chesapeake Bay tidal-water designated uses.  
 

Figure 8. Conceptual illustration of the five Chesapeake 
Bay tidal water designated use zones (USEPA, 2003b). 
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Dissolved Oxygen Criteria. In the Chesapeake Bay’s deeper waters, there is a natural tendency 
toward reduced dissolved oxygen conditions because of the bay’s physical morphology and 
estuarine circulation. The Chesapeake Bay’s highly productive shallow waters, coupled with 
strong density stratification, long residence times (weeks to months), low tidal energy, and a 
tendency to retain, recycle, and regenerate nutrients from the surrounding watershed, set the 
stage for low dissolved oxygen conditions. Specifically, three dissolved oxygen criteria were 
established for the five designated uses: 
 
 Criteria for the migratory fish spawning and nursery, shallow-water bay grass, and open-water 

fish and shellfish designated uses were set at levels to prevent impairment of growth and to 
protect the reproduction and survival of all organisms.  

 Criteria for deep-water seasonal fish and shellfish designated use habitats during seasons 
when the water column is significantly stratified were set at levels to protect juvenile and 
adult fish, shellfish, and the recruitment success of the bay anchovy.  

 Criteria for deep-channel, seasonal-refuge designated use habitats in summer were set to 
protect the survival of bottom sediment-dwelling worms and clams.  

 
Water Clarity Criteria. The water clarity criteria establish the minimum level of light penetration 
required to support the survival, growth, and continued propagation of underwater bay grasses. 
The decline of underwater bay grasses is mainly attributed to nutrient over-enrichment and 
increased suspended sediments in the water, as well as associated reductions in light availability. 
Other factors such as climatic events and herbicide toxicity might also have contributed to the 
loss of bay grasses. To restore these critical habitats and food sources, enough light must 
penetrate the shallow waters to support the survival, growth, and repropagation of diverse, 
healthy underwater bay grass communities. The water clarity criteria are applied only during the 
bay grass growing seasons.  
 
Chlorophyll a. From a water quality perspective, chlorophyll a is the best available, most 
direct measure of the amount and quality of phytoplankton and the potential to lead to reduced 
water clarity and low dissolved oxygen impairments. The Chesapeake Bay’s ability to produce 
and maintain a diversity of species depends in large part on how well phytoplankton meet the 
nutritional needs of their consumers. Chlorophyll a is the primary photosynthetic pigment in 
algae and cyanobacteria (blue-green algae), a measure of photosynthesis, and a measure of the 
primary food source of aquatic food webs. Chlorophyll a also plays a direct role in reducing light 
penetration in shallow-water habitats, which has a direct impact on underwater bay grasses. 
Uneaten by zooplankton and filter-feeding fish or shellfish, excess dead algae are consumed 
by bacteria, and in the process they remove oxygen from the water column. 
Phytoplankton assemblages can become dominated by single species that represent poor 
food quality or even produce toxins. States are encouraged to adopt numerical chlorophyll a 
criteria for application to tidal waters in which algae-related designated use impairments are 
likely to persist even after the applicable dissolved oxygen and water clarity criteria are attained.4  
 

                                                 
4 The technical information supporting states’ quantitative interpretation of the narrative chlorophyll a criteria is published in the 
body of the Chesapeake Bay water quality criteria document.  
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Maryland UAAs  
 
Maryland’s Designated Uses and Water Quality Criteria 
Maryland’s designated uses for the Chesapeake Bay included aquatic life, commercial shellfish 
harvest, and water contact recreation uses. To protect the aquatic life uses in the bay and its tidal 
tributaries, Maryland set its dissolved oxygen criteria at 5 mg/L applied year-round throughout 
all tide-influenced waters. Caps on nitrogen and phosphorus loads were established through the 
1992 Amendment to the Chesapeake Bay Agreement and were allocated to each of the 10 major 
tributary basins in Maryland. In 1996 Maryland listed all portions of the Chesapeake Bay and 
most of its tidal tributaries as impaired by nutrients or sediment on the state’s 303(d) list. With 
the signing of the Chesapeake 2000 Agreement, Maryland had committed to “correct the 
nutrient- and sediment-related problems in the Chesapeake Bay and its tidal tributaries 
sufficiently to remove the bay and the tidal portions of its tributaries from the list of impaired 
waters (303(d) list) under the Clean Water Act.”  
 
In 2004 Maryland published two documents, the Use Attainability Analysis for Tidal Waters of 
the Chesapeake Bay Mainstem and Its Tributaries Located in the State of Maryland and Use 
Attainability Analysis for the Federal Navigation Channels Located in Tidal Portions of the 
Patapsco River, to aid in this process. Prior water quality criteria were based on the assumption 
that all areas in the bay were identical, and they did not take into account the natural variability 
of the bay’s waters. These documents provide the technical background and scientific data used 
to develop new water quality standards.  
 
The Use Attainability Analysis for Tidal Waters of the Chesapeake Bay Mainstem and Its 
Tributaries Located in the State of Maryland explains why the current designated uses cannot be 
attained in all parts of Maryland’s Chesapeake Bay and associated tidal tributaries. Maryland 
used natural conditions, human-caused conditions, and hydrologic modifications (40 CFR 
131.10(g) factors 2, 3, and 4, respectively) to demonstrate that attaining the designated uses was 
not feasible. The document also provides scientific data indicating that refined designated uses 
are attainable and would continue to protect existing uses. Finally, the document summarizes 
economic analyses, including cost estimates for implementing the appropriate control scenarios.  
 
Data Collection and Analysis 
When Maryland was assessing attainability, it considered natural conditions by examining 
paleological evidence and using water quality monitoring data. Water quality models were used 
to determine bay water quality under forest and pristine conditions. Biological and chemical 
studies conducted over the past 10 years offered a wealth of data that showed a greater frequency 
and duration of seasonal anoxic conditions beginning in the 1930s. Maryland Department of the 
Environment (MDE) personnel documented that extensive land clearance during the 18th and 19th 
centuries had led to dissolved oxygen depression in the Chesapeake Bay below dissolved oxygen 
levels characteristic of the previous 2000 years. Although better than present conditions, pre-17th 
century dissolved oxygen proxy data suggested that dissolved oxygen levels in the deep channel 
of the bay were not above 5 mg/L all the time. The modeling showed that even under pristine 
conditions, the designated uses set for the bay would not be met.  
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Human-caused conditions were also examined by modeling theoretical levels of best 
management practice (BMP) implementation. MDE scientists were able to establish that 
anthropogenic impacts, such as all forms of nutrient enrichment caused by agriculture, urban 
nonpoint sources, and other nonpoint sources, could not be remedied. The theoretical levels of 
implementation tested in the water quality models included new technologies, management 
programs, and best practices not currently part of the state or local jurisdictional pollutant control 
strategies. Three scenarios were considered: 
 

1. All-forest 
2. Pristine 
3. Everything, everywhere by everyone5  

 
The results of these modeling scenarios demonstrated that, even under pristine conditions, the 
desired dissolved oxygen criteria could not be attained in the deep channels and deep waters of 
the Chesapeake Bay during the summer. For the Maryland portion of the Chesapeake Bay that is 
affected by hydrologic modification (i.e., deep water segments of the Patapsco River), MDE 
scientists collected and analyzed the following data: 
 

 Data from the Chesapeake Bay Water Quality Model 
 Data from the Maryland Department of the Environment and Department of Natural 

Resources Core Monitoring Programs 
 Total Maximum Daily Load (TMDL) data gathered 1992–1997 

 
The results showed 77 percent non-attainment in this segment due to federally authorized 
hydrologic modification under the Rivers and Harbors Act and a complex pattern of tidal 
circulation that moves hypoxic and anoxic waters within the Chesapeake Bay system.  
 
Three types of economic analyses were performed in conjunction with developing revised water 
quality criteria for the Chesapeake Bay and its tidal waters. An analysis was undertaken to 
estimate the costs of implementing the hypothetical control scenarios. The same type of 
economic analysis was performed on the implementation plan for meeting the new bay water 
quality standards. An analysis was also performed to consider the substantial and widespread 
economic and social impacts if controls that were more stringent than those required by CWA 
sections 301 and 306 were implemented.  
 
The total projected cost, including capital and operating costs, is approximately $10 billion 
through 2010. This is the statewide evaluation of sewage treatment upgrades and BMP 
implementation levels necessary to attain the water quality standards in the bay and tidal 
tributaries. However, there is considerable uncertainty about the cost estimates, the effectiveness 
                                                 
5 Both the “all-forest” and the “pristine” scenarios were designed to represent pre-European settlement conditions to capture 
natural pollutant levels. The “all-forest” scenario incorporates nutrient and sediment loads reflecting pre-colonial land clearance, 
an atmospheric deposition reduced to 10 percent of current load, nitrogen soil storage that is elevated and incorporates some 
delivery to the Bay, and shoreline erosion at current levels. The “pristine” scenario is similar to the “all-forest” scenario except 
that the nitrogen storage level does not incorporate delivery to the bay and the shoreline erosion is set at 10 percent of current 
levels to account for pre-settlement distribution of Bay grasses. The “everything, everywhere by everyone,” or E3, scenario 
represents the boundary of what is considered physically implausible. It represents BMP implementation with no cost factors and 
few physical limitations. It also includes new technologies and management programs and practices not currently part of the state 
or local jurisdictional pollutant control strategies.  
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of the BMPs, and the level of implementation that will actually be needed. It is anticipated that 
as innovative and more effective management practices are developed, the implementation will 
evolve and affect the costs.  
 
The potential economic benefits of improving water quality in the Chesapeake Bay and its tidal 
tributaries were considered to determine whether controls more stringent than those required by 
CWA sections 301(b)(1)(A) and (B) and 306 would result in substantial and widespread 
economic and social impacts. To estimate the potential economic benefits, a regional forecasting 
model and an economic impact model were used. Results indicated that the regional economy 
should expand as a result of restoration efforts. Although there is no comprehensive estimate of 
the benefits, data suggest that the bay affects industries that generate approximately $20 billion 
and 340,000 jobs.  
 
Use Refinement 
Because Maryland determined that the designated uses for the Chesapeake Bay and its tidal 
tributaries did not fully reflect natural conditions, MDE opted to refine the uses. Through the 
refinement of Maryland’s tidal-water designated uses, the state hopes to replace nonattainable 
uses and general criteria with specific uses and criteria based on the actual needs of the 
biological community. Maryland engaged stakeholders early in the process and used the 
Chesapeake Bay Program’s Regional Criteria Guidance and Technical Development Document 
as a basis for analyses and decision-making. As a result, Maryland was able to upgrade 
designated uses on some waters and downgrade designated uses on others (from the current bay-
wide general aquatic life designation) as needed. Maryland set designated uses for segments of 
the Chesapeake Bay and its tidal tributaries so that the state would be able to assess and delist 
(from the 303(d) list of impaired waters) appropriate individual segments.  
 
The first step MDE took in deriving attainable designated uses was delineating of areas where 
different uses exist. The refined uses were based on habitats of living resources that have 
different dissolved oxygen requirements and tolerance. In addition, some of the refined uses 
were based on water clarity requirements for submerged aquatic vegetation. Designated uses can 
be multi-dimensional in space and time. Temporal variation results in a seasonal application that 
occurs because of different living resources’ life history requirements. For example, the seasonal 
spawning and early life habitat requirements of American shad would not require spawning and 
early life stage habitats year-round but only during the spring when shad spawn in the tributaries. 
Spatial variation occurs in both the horizontal and vertical dimensions of the bay. Horizontal 
components are based on bathymetry and geography; vertical components are based on 
bathymetry and pycnocline6 delineation. The five designated uses outlined in the EPA Regional 
Criteria Guidance and Technical Support Document were proposed to reflect the habitat of an 
array of recreationally, commercially, and ecologically important species and biological 
communities.  
 
MDE and its state partners, in collaboration with the Chesapeake Bay Program, took explicit 
steps to ensure that existing uses would continue to be protected. For the migratory spawning and 

                                                 
6 The pycnocline is a natural zone of rapid salinity increase that marks the boundary between fresh river water flowing toward the 
ocean and “salty” ocean water flowing into the bay. The pycnocline acts as a barrier to mixing of surface waters and the deeper 
waters below (Beaman, 2005a). 
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nursery use, deep-water seasonal use, and deep-channel seasonal uses, the application of new 
dissolved oxygen criteria will result in improvements to existing water quality conditions. The 
refined open water fish and shellfish designated use will continue to provide a level of protection 
equal to that under the current state water quality standard. The shallow-water bay grass 
designated use will ensure protection of existing uses through the application of the single best 
year methodology that MDE developed. The single best year methodology is based on historical 
data starting in the 1930s and more recent underwater bay grass distributions. This method goes 
beyond the requirements of the Clean Water Act. 
 
The Chesapeake Bay Program and Maryland assessed attainability for the refined designated 
uses by collecting a significant amount of monitoring data and developing a mathematical model 
to assess the bay’s waters to determine whether they were meeting their designated uses. 
Biologically based reference curves were also established for each designated use to allow for 
scientifically defensible assessments that considered the natural variability of the waterbody.  
 
The attainability of these uses was based on dissolved oxygen criteria for the migratory and 
spawning, open-water, deep-water, and deep-channel designated uses. Attainability for the 
shallow-water designated use was assessed based on historical and recent data on the existence 
of underwater bay grass acreage. The attainability for the chlorophyll a criteria was not assessed 
because this criterion is expressed in narrative terms and does not provide numeric values on 
which to perform analyses.  
 
Restoration Variance 
Even after achievement of nutrient and sediment cap load allocations, portions of the Chesapeake 
Bay mainstem were found to be unable to meet their designated uses. On the basis of 
Chesapeake Bay Water Quality Model simulations and analysis of existing water quality data, 
the deep-water and deep-channel uses in the middle of the Chesapeake Bay mainstem were 
shown to be unattainable. Maryland officials recognized that partial attainment would be 
possible, but making this change to the water quality standard was not politically or publicly 
palatable. In addition, the state did not believe that traditional approaches such as use removal, 
specific discharger variance, or establishment of less protective criteria would be consistent with 
the state’s long-term water quality goals. To solve this problem, a restoration variance was added 
to Maryland’s proposed water quality standards as a refinement to proposed criteria.  
 
A restoration variance allows dissolved oxygen criteria to slightly exceed the requirement up to 
7% in a couple of the deepest areas of the Bay. This modification to the Bay water quality 
standards was necessary because in those few deep areas, we may not meet the dissolved oxygen 
requirements. Even after spending billions of dollars to reduce nitrogen, phosphorus, and 
sediment pollution to clean up the rest of the Bay, essentially doing everything we know how to 
do at this time, the deep areas still could not attain the dissolved oxygen standard. This is a 
better, more protective alternative than lowering the standard based on current understanding. 
The information will be updated periodically to keep the water quality standard focused on 
protecting living resources, rather than proposing something less protective. The State is required 
to review the restoration variances at least every three years (based on EPA regulations), and 
adjust it accordingly. (Note: this paragraph was taken from MDE’s website 
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http://www.mde.state.md.us/programs/waterprograms/tmdl/wqstandards/faqs.asp on March 9, 
2006) 
An example of how this appears in Maryland’s adopted and approved water quality standards is: 
“For the dissolved oxygen criteria restoration variance for Chesapeake Bay Mainstem Segment 4 
mesohaline (CB4MH) seasonal deep-water fish and shellfish subcategory, not lower for 
dissolved oxygen in segment CB4MH than the stated criteria for the seasonal deep-water 
seasonal fish and shellfish use for more than 7 percent spatially and temporally (in combination), 
from June 1 to September 30.” 
 
A restoration variance is a temporary modification that allows for the realistic recognition of 
current conditions, while retaining the designated use and setting attainment as a future goal. The 
variance allows for iterative refinements using quantified implementation, measured reductions, 
and monitoring data during triennial reviews. The restoration variance is applied to a designated 
use over an entire waterbody segment, rather than directed at a specific discharger or group of 
dischargers. Segments of the Chesapeake Bay that require variances are the Chesapeake Bay 
Mainstem under the deep-water seasonal fish and shellfish and deep-channel seasonal refuge use 
and the Patapsco River under the deep-water seasonal fish and shellfish use.  
 
In addition to a restoration variance, MDE has also proposed a subcategory for the Patapsco 
River section of the Chesapeake Bay. An analysis of existing water quality data indicates that the 
dissolved oxygen criteria for the deep-channel seasonal refuge use cannot be met in this segment, 
even with projected nutrient reductions from point sources and the application of the Tributary 
Strategies reduction for nonpoint sources. Maryland developed a UAA to support this proposed 
subcategory. 
 
The Use Attainability Analysis for the Federal Navigation Channels Located in Tidal Portions of 
the Patapsco River describes a number of federally authorized hydrologic modifications under 
the Rivers and Harbors Act and a complex pattern of tidal circulation that has caused 
nonattainment of existing designated uses in the Patapsco River. MDE ran six sensitivity 
scenarios of the Chesapeake Bay Model to estimate the influence of the different loading sources 
and estimate the extent of impairments due to natural- and human-caused conditions. Results 
showed 77 percent nonattainment, even at a simulated point source reduction level of 
“everything, everywhere, by everybody,” or E3. Due to this significant nonattainment, MDE 
proposed that there be further refinement of water quality criteria in this segment with the 
applicable dissolved oxygen criteria being 0 mg/L from June 1 to September 30, inclusively. 
Both the restoration variance and the limited use designation for the navigation channel will be 
revised in the next Maryland triennial Water Quality Standards review in 2007. Maryland will 
promulgate adjustment to these new portions of the water quality standards, as appropriate.  
 
Conclusion 
Maryland promulgated new water quality standards that included refined aquatic life uses. In 
2005 EPA approved the changes to the state’s water quality standards.  
 
Supporting materials for this case study are available in Appendix F. 
 

http://www.mde.state.md.us/programs/waterprograms/tmdl/wqstandards/faqs.asp
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Crosby Creek UAA Worksheet 
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KANSAS USE ATTAINABILITY ANALYSES (UAAs) COMPLETED IN 2001 I

CLASSIFIED IN KANSAS SURFACE
WATER REGISTER (1999)

BASIN:

HUC 8 NUMBER:

SEGMENT NUMBER:

STREAM NAME:

KR
10250016

77

Crosby Creek

RETAIN:

DELETION PROPOSED 1

x

USE DESIGNATIONS:

Aquatic Life Use Support 2

Primary Contact Recreation 3

Secondary Contact Recreation
4

Food Procurement

Irrigation Watering

Livestock Watering

Domestic Water Supply

Industrial Water Supply

Groundwater Recharge

1999 REGISTER

E

x

PROPOSED

C

1 Stream segment not classified due to

2
E; expected aquatic life use water

S= special aquatic life use water

R= restricted aquatic life use water

statutory definition 85 an ephemeral stream, grass or
vegetative waterway, culvert, or ditch.

median flow less than one cubic foot per second. Cost of
classifying stream outweighs the benefits of classification.

UAA survey documented no aquatic resource.

3
Primary contact recreation use classes:

A =designated public swimming area during April 1 - October 31 and secondary contact recreation use class a
November 1 - March 31

B = where moderate full body contact recreation is expected during April 1 - October 31 and secondary contact recreation
use class a November 1 • March 31

C = where full body contact recreation is infrequent during April 1 - October 31 and secondary contact recreation use
class b November 1 - March 31

4
Secondary contact recreation use classes:

a =capable of supporting secondary recreational activities and is open to and accessible by the public by law or written
permission of the landowner

b =capable of supporting secondary recreational activities and is not open to and accessible by the public under
Kansas law

Secondary contact recreation was not delineated in 1999 Register. Per 1999 Kansas Surface Water Quality
Standards (KSWQS), classified surface waters where no UAA had been completed were designated for secondary
contact recreational use by defaUlt.

'.1 1••••••••••11.11.".".11 11.11.".11 11.,1.11.1 11." ••••11."."."_11 1



Antelope Creek UAA Worksheet 



 
 

HUC: 11040008 Seg: 16 Stream: Antelope Creek Site: A Date: 5/15/01

Downslre.m View



Stream Name Antelope Creek HUC8 11040008 Segment 16Site A

Count Clark Legal Description SE 1/4  SW 1/4   Sec: 21   Town: 33 S   Range: 24 W

Date  5/15/01 Time 10:55:00 AM

Upstream Riffle

Upstream Run

Upstream Pool width:  2'   "   length:   '   "   depth avg.:   '   "   depth max:   '  2"

Downstream Riffle

Downstream Run

Downstream Pool

Flow Present?  (describe)
No.  Channel is dry downstream.

Predominant Substrate Typ Silt

Plants Frogs Insects Fish Crawfish Snails

Describe:

Perennial (permanent flow) Intermittent (permanent water

Ephemeral (seasonal water)

Observation
Ephemeral pool in channel upstream.  Very poorly defined, dry channel downstream with terrestrial vegetation spanning 
channel.

Aquatic Life Observe

Stream Description

Stream type:



 
 

HUC: 11040008 Seg: 16 Stream: Antelope Creek Site: B Date: 5/15/01

Downslre.m VIew



Stream Name Antelope Creek HUC8 11040008 Segment 16Site B

Count Clark Legal Description SE 1/4  SE 1/4   Sec:  7   Town: 33 S   Range: 24 W

Date  5/15/01 Time 11:10:00 AM

Upstream Riffle

Upstream Run

Upstream Pool

Downstream Riffle

Downstream Run

Downstream Pool

Flow Present?  (describe)
No.  Completely dry.

Predominant Substrate Typ

Plants Frogs Insects Fish Crawfish Snails

Describe:

Perennial (permanent flow) Intermittent (permanent water

Ephemeral (seasonal water)

Observation
Terrestrial grasses and forbs span width of channel.  Channel very pooly defined/absent.

Aquatic Life Observe

Stream Description

Stream type:



 

HUC: 11040008 Seg: 16 Stream: Antelope Creek Site: C Date: 5/15/01

Downslre.m VIew



Stream Name Antelope Creek HUC8 11040008 Segment 16Site C

Count Clark Legal Description SE 1/4  NW 1/4   Sec:  1   Town: 33 S   Range: 25 W

Date  5/15/01 Time 11:15:00 AM

Upstream Riffle

Upstream Run

Upstream Pool

Downstream Riffle

Downstream Run

Downstream Pool

Flow Present?  (describe)
No.  Completely dry.

Predominant Substrate Typ Silt

Plants Frogs Insects Fish Crawfish Snails

Describe:

Perennial (permanent flow) Intermittent (permanent water

Ephemeral (seasonal water)

Observation
Rain puddle upstream is not on channel.  Terrestrial vegetation spans channel.  Windmill and stock tank in very poorly 
defined channel downstream.

Aquatic Life Observe

Stream Description

Stream type:



KANSAS USE ATTAINABILITY ANALYSES (UAAs) COMPLETED IN 2001

X

E

RETAIN:

DELETION PROPOSED

Aquatic Life Use Support
Primary Contact Recreation
Secondary Contact Recreation

Food Procurement

Irrigation Watering 

Livestock Watering
Domestic Water Supply

Industrial Water Supply

Groundwater Recharge

HUC 8 NUMBER:

SEGMENT NUMBER:

STREAM NAME:

11040008

Antelope Cr

16

CIMARRON RIVER BASINBASIN:

CLASSIFIED IN KANSAS SURFACE 
WATER REGISTER (1999)

1 :

USE DESIGNATIONS: 1999 REGISTER PROPOSED

Stream segment not classified due to Statutory definition as an ephemeral stream, 
grass or vegetative waterway, culvert, or ditch.

Zero flow with pooling. Cost of classifying 
stream outweigh the benifts of classification.

P means primary contact recreation. 

1

2

X

X

2

3

3

E= expected aquatic life use water
S= special aquatic life use water
R= restricted aquatic life use water

4

4  Q means secondary contact recreation.  Secondary contact recreation was not delineated in 
1999 Register.  Per 1999 Kansas Water Quality Standards (KSWQS), all classified surface waters 
where no UAA had been completed were designated for secondary contact recreational use 

UAA survey documented no aquatic resource.

by default.



New York UAA Worksheet 



New '(ori< SLlle Dep"rtmenl of Environmental Con."rvaHon

5-0 Wolf Road, .... It>.Iny, Nroot ,(ork 12233-0001

USE ATTAINABILITY ANALYSIS FOR SL~FACE WATERS Htmry G. Williams
Commissioner

The following water body or stream segment has been assessed cODsidering the
"Technical Guidance and Criteria for Fish Propagation in Various Habitats",
available data on the Bi~e developed by.the Department or ,other sources such as
universities, museum, etc .. and other "references, and has been found to not meet
the minimum criteria for fish propagation. Specific reason(s) is (a~e) belovo

Name Trib. of Seneca River
Sub-basin Finqer Lakes

Reasou(s) for non-attainment:

1. Naturally occurring
pollu,rants

Drainage Bas in,_~O",s",w,-"e",g~o~Rc!i:!.v.j;ie');r..,.....__-===--=--=_=-=-7"""""'"
Index No. ONT -66- I tem No. 224 ,HYCR..."< Ref. 898.4

12-57
\~ )
P --,,> D

[] chronic toxicity from~ __
.0 temperature exceeds ~_

[] other -o- _

2. Natural, ephemeral, inter­
mittent, or low flow
conditions or vater levels

fXXl stream: intermittenc- and no habitat available
to survive 10.., flov events ,

[] ephemer~l ponded yater: no standing vater for
part of the year. 00 outlet or tribs to escape
drought. and no fish collected surviving
droughto other _

3. Physical conditions related
to the natural features of
the va ter body

4. Dams, diversions or other
types of hydrologic modi­
fications (if checked
see attached analysis)
concluding that it is not
feasible to restore the
vater body to its original
condition or to operate
the facility in a vay that
vould result in conditions
suitable for fish
propagation

[]vaterfall prohibits migration to this upstream
intermittent segment

o other _

o Dam: fish propagation prevented b ecause, _

o Diversion: fish propagar.ion' prevented because

[] other _

the mouth where it enters the Cayuga-Seneca Canal" it

The stre~m should retain the Class "0" designation
20 to the source of both tributar.ies.

From RO\lte 5 and 20 downstream to
shaul d be C1 ass "e"

~~--<:!.- k----- Tit1e: Reg i on a1 Fish e r i es Ma nag erDa t e : _--,O,-=4CLI--,1--,OCLI-,,9-=2~_
~v,I(f,A;LKki t 1e: ~Re~oJ...iuo,,-n!Qa,-,-l-!.!.H£.at",e""r--.J;EJjnLSG..LijJ'ne",e""r_ Da te :_~O_4,-I_l°....:/_9_2__

Additional comments or references
from its eros sing ,of Routes 5 and

Signed:

Signed:

5.
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Photo on cover of Ballona Creek storm conditions on March 15, 2003 
(Courtesy of Culver City)
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I. INTRODUCTION 
 
The Regional Board is proposing to amend its Basin Plan to acknowledge the inherent 
danger of recreating in engineered flood control channels during unsafe conditions 
characterized by high velocities and deep water. Specifically, the Regional Board 
proposes to suspend the recreational beneficial use(s) in engineered flood control 
channels where access can be restricted during and immediately following significant 
storm events to address the physically unsafe conditions in these channels. At present, the 
recreational beneficial uses (Water Contact Recreation or REC-1 and Non-contact Water 
Recreation or REC-2) assigned to these channels apply at all times, regardless of weather 
conditions or any other condition that could make recreational activities unsafe or 
infeasible.  The proposed amendment would revise the recreational beneficial use 
designations (REC uses) for these engineered channels to reflect recreational use(s) that 
are temporarily suspended during and immediately following defined storm events.  
 
Engineered flood control channels are constructed to reduce the incidence of flooding in 
urbanized areas by conveying stormwater runoff to the ocean or other discharge point as 
efficiently as possible. To accomplish this, the channels are usually lined, on the sides 
and/or bottom, with rip-rap or concrete. This modification creates “swiftwater” 
conditions during and immediately following storm events (see Exhibit 1, Photo 1). The 
vertical walls or steep-sided slopes of these channels in conjunction with restrictive 
fencing limit direct access to channelized creeks and streams for the purpose of 
recreational use (see Exhibit 1, Photos 2, 3, and 4).  
 
The inherent danger of recreating in these channels during and immediately following 
storm events is widely recognized and is already addressed by Los Angeles and Ventura 
Counties through county policies. In Los Angeles County, protocols for locking access 
gates to flood control channels and preparing for possible swift-water rescues in these 
channels during defined storm events have been set by the Los Angeles County, 
California Multi-Agency Swift Water Rescue Committee. In Ventura County, access 
gates to these channels are kept locked at all times. 
 
Since the suspension of the REC use(s) during defined storm events reduces the level of 
protection for the water body, the USEPA requires the Regional Board to conduct a use 
attainability analysis (UAA) for each water body to which the suspension would apply 
(USEPA, 2002, 1998, 1994).  To meet these requirements, the Regional Board has 
developed this categorical UAA for all engineered flood control channels during defined 
storm events.  
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II. BACKGROUND 
 

A. Designation of Beneficial Uses 
 

According to 40 C.F.R. § 131.3(f), designated uses are those uses specified in water 
quality standards for each water body or segment whether or not they are being attained. 
Section 101(a)(2) of the federal Clean Water Act (CWA) says, “it is the national goal that 
wherever attainable, an interim goal of water quality which provides for the protection 
and propagation of fish, shellfish, and wildlife and provides for recreation in and on the 
water be achieved by July 1, 1983.”  
 
40 C.F.R. §131.10 directs States on the designation of uses: 

(a) Each State must specify appropriate water uses to be achieved and protected.  
The classification of the waters of the State must take into consideration the use 
and value of water for public water supplies, protection and propagation of fish, 
shellfish and wildlife, recreation in and on the water, agricultural, industrial and 
other purposes including navigation.  In no case shall a State adopt waste 
transport or waste assimilation as a designated use for any waters of the United 
States. 
 
(b) In designating uses of a water body and the appropriate criteria for those uses, 
the State shall take into consideration the water quality standards of downstream 
waters and shall provide for the attainment and maintenance of the water quality 
standards of downstream waters.   
 
(c) States may adopt sub-categories of a use and set the appropriate criteria to 
reflect varying needs of such sub-categories of uses, for instance, to differentiate 
between cold water and warm water fisheries.   
 
(d) At a minimum, uses are deemed attainable if they can be achieved by the 
imposition of effluent limits required under sections 301(b) and 306 of the Act 
and cost-effective and reasonable best management practices for nonpoint source 
pollution. 

 
B. Recreational Use Designations in the Los Angeles Region 
 

Existing and potential uses of inland surface waters in the region are listed in Table 2-1 of 
the Basin Plan (CRWQCB, 1994). The Basin Plan defines recreational uses as follows: 
 

Water Contact Recreation (REC-1): “Uses of water for recreational activities 
involving body contact with water, where ingestion of water is reasonably 
possible. These uses include, but are not limited to, swimming, wading, water-
skiing, skin and scuba diving, surfing, white water activities, fishing, or use of 
natural hot springs.” (CRWQCB, 1994, p. 2-2) 
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Non-contact Water Recreation (REC-2): “Uses of water for recreational activities 
involving proximity to water, but not normally involving body contact with water, 
where ingestion of water is reasonably possible. These uses include, but are not 
limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, 
tidepool and marine life study, hunting, sightseeing, or aesthetic enjoyment in 
conjunction with the above activities.” (CRWQCB, 1994, p. 2-2) 
 

Per 40 C.F.R. 131.3(f), existing beneficial uses refer to those beneficial uses that have 
been attained for a water body on, or after, November 28, 1975. Potential use 
designations are based on a number of factors, including: 

a) plans to put the water to such future use, 
b) potential to put the water to such future use, 
c) designation of a use by the Regional Board as a regional water quality goal, or 
d) public desire to put the water to such future use (CRWQCB, 1994). 

 
C. Historical Basis for Recreational Use Designations in the Los Angeles Region 
 

As stated earlier, section 101(a)(2) of the federal Clean Water Act (CWA) states that, “it 
is the national goal that wherever attainable, an interim goal of water quality which 
provides for the protection and propagation of fish, shellfish, and wildlife and provides 
for recreation in and on the water will be achieved by July 1, 1983.” This formed a broad 
basis for the beneficial use designations for surface waters of the State.  
 
In addition to this consideration, a comprehensive review of existing data and solicited 
input from stakeholders was conducted in the early 1970s to determine the existing and 
potential beneficial uses for the waters of the Los Angeles Region. These were the bases 
for the beneficial uses as designated in the 1975 Water Quality Control Plans for the Los 
Angeles River Basin and Santa Clara River Basin (Basin Plans). Data and reports for this 
assessment were obtained from the California Departments of Health, Fish and Game, 
Conservation, and Water Resources, as well as the Southern California Association of 
Governments, County of Los Angeles, Los Angeles County Flood Control District, and 
various regional and local water agencies. Comments received from public agencies, 
public utilities, industrial organizations, water companies and private citizens were also 
considered (CRWQCB, 1975). Beneficial uses identified included existing or potential 
water contact recreation (REC-1) for virtually all waters in the region, and non-contact 
water recreation (REC-2) for most waters in the region.  
 
Prior to the 1994 update of the Basin Plans, researchers at California State University, 
Fullerton conducted a comprehensive review of the Region’s beneficial uses under a 
contract with the Regional Board (Saint, Prem K., et al., 1993). The review included an 
evaluation of existing data, detailed field investigations and surveys of agencies and 
interest groups. Over 350 sites were surveyed as part of the field investigations and 50 
agencies and interest groups were contacted and asked to provide input to the study. 
Based on the study results, the researchers recommended the addition of 126 rivers, 44 
lakes and reservoirs, 45 groundwater basins, 9 coastal features and 108 wetlands and 
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accompanying beneficial uses to the revised Basin Plan. On the basis of field surveys and 
interviews, “existing”, “intermittent” or “potential” REC-1 and REC-2 uses were 
proposed for many of these newly included water bodies.  
 

D. Regional and National Developments Regarding Recreational Use 
Designations 

 
The 1994 Basin Plan preserved these recreational beneficial uses. Recently, however, the 
validity and appropriateness of the REC use(s) assigned to engineered flood control 
channels where access is restricted or prohibited due to public safety concerns has been 
questioned by public agencies such as the Los Angeles County Department of Public 
Works (LACDPW) (County of Los Angeles DPW, 2001, 2002a, 2002b, 2002c). In light 
of these concerns and similar concerns expressed by the State Water Resources Control 
Board (State Board), the Regional Board submitted a letter to the State Board outlining 
possible alternatives for re-evaluating the REC beneficial use(s) assigned to these 
engineered channels (LARWQCB, 2002).1 One of these alternatives was to conduct a 
categorical UAA for the REC use(s) of all engineered flood control channels with 
restricted or prohibited access during defined storm events corresponding to physically 
unsafe conditions.  
 
The USEPA has also recently recognized potential circumstances where REC use(s) may 
be inappropriate due to high wet weather flows that result in dangerous conditions 
physically precluding recreation (USEPA, 2002). Specifically, USEPA states in its 
Implementation Guidance for Ambient Water Quality Criteria for Bacteria, May 2002 
Draft, that “an intermittent REC-1 use may be appropriate when the water quality criteria 
[referred to in State terminology as "objectives"] associated with REC-1 are not 
attainable for all wet weather events” (p. 32). One example used by USEPA is high wet 
weather flows that result in dangerous conditions physically precluding recreation such as 
arroyo washes in the arid west. In light of this type of situation, USEPA suggests that 
meeting the REC-1 bacteriological objectives may be suspended during defined periods 
of time, usually after a specified hydrologic or climatic event, or for a specified number 
of events or days per year.  
 

                                                           
1 Most recently, during a public hearing to consider approval of a Basin Plan amendment updating the 
Region’s bacteria objectives set to protect the REC-1 use, State Board expressed concerns about the 
appropriateness of assigning recreational beneficial uses to engineered flood control channels where access 
is restricted or prohibited (see State Board Resolution No. 2002-0142). 
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III.  PROPOSED ACTION 

The Regional Board proposes to suspend the REC use(s) assigned to engineered flood 
control channels during and immediately after defined storm events where access to the 
channel can be restricted during the defined conditions. The rationale for this suspension 
is, first, that these storm events result in high flows/velocities that create physically 
unsafe conditions that cannot be remedied. Second, during these storm events, it is the 
policy of Los Angeles County to lock the access gates to these channels due to the 
inherent danger of recreating in these channels during wet weather, thus preventing 
individuals from engaging in recreational activities in the channel. The policy of Ventura 
County is to keep access gates to these flood control channels locked at all times. 
 

A. Water Bodies Covered by Amendment 
 
Staff evaluated whether to conduct water body-by-water body UAAs or a categorical 
UAA covering all water bodies meeting certain criteria. For this limited circumstance, 
staff proposes a regional approach, since all water bodies subject to the suspension of 
REC use(s) have similar features that justify it. Specifically, water bodies to which the 
suspension of the REC use(s) would apply during the defined conditions include those 
meeting all of the following criteria: 

a) inland water bodies 
b) flowing water bodies  
c) engineered channels  
d) water bodies where access can be restricted or prohibited (through fencing/signs)  
 

See Appendix 1 for a list and map of the 61 inland, flowing water body segments in Los 
Angeles and Ventura Counties to which the suspension would apply.2  
 
A categorical suspension of REC use(s) during and immediately following defined storm 
events for inland, flowing engineered channels where access is restricted or prohibited is 
a practical approach and does not reduce public health protection in these channels, since 
the recreational use(s) do not exist under the proposed conditions for the suspension.3 
Furthermore, as discussed in section VI.A, downstream REC uses must continue to be 
protected. As described earlier, engineered channels are designed to convey water rapidly 
out to a discharge point, making conditions unusually unsafe for recreational activities 
during high flows/velocities associated with storm events.  While not sufficient alone to 
                                                           
2 These water bodies were selected using a two-step approach. First, staff identified all inland, flowing 
water bodies listed in Table 2-1 of the Basin Plan where the REC use(s) were qualified due to restricted or 
prohibited access. Second, staff circulated this list internally among staff knowledgeable about the 
proposed water bodies to confirm that each of the water bodies met the criteria for inclusion in the 
proposed amendment. Staff will follow-up with field surveys of the candidate water bodies where 
necessary to confirm physical characteristics and access restrictions.  
3 The recreational uses do not exist because (1) during the defined wet weather conditions, the velocity and 
depth of the water in these channels renders them unsafe for recreation and (2) under the defined wet 
weather conditions, Los Angeles County routinely locks all access gates to these flood control channels and 
Ventura County keeps access gates to flood control channels locked at all times. 
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trigger a suspension of the REC uses, restricted or prohibited access to these channels is 
also proposed as a complementary prerequisite for the suspension to ensure that people 
cannot access a water body during the defined wet weather periods.4     
 
Staff evaluated, but does not recommend applying the suspension of REC use(s) to all 
inland water bodies for the following reasons.5 Inland water bodies include those that 
would not be subject to the high flows/velocities that occur in engineered channels.  For 
example, lakes obviously are not characterized by high flows/velocities during storm 
events that would result in unsafe conditions.  As for other inland, flowing water bodies, 
they may have neither (1) conditions of an engineered channel that would make 
recreation unsafe during storm events nor (2) restricted or prohibited access.  
 

B. Condition Triggering Suspension of REC Use(s) 
 
Staff evaluated several possible triggers for the suspension of REC use(s) in engineered 
channels with restricted or prohibited access. These included: 

a) flow and velocity (e.g., "swiftwater" conditions),  
b) depth (e.g., outside of low flow channel), and 
c) rainfall (e.g., total daily rainfall).  

 
A summary of staff’s evaluation regarding the feasibility and appropriateness of using 
each of these triggers is provided in Appendix 2. 
 
Based on this evaluation, staff concludes that rainfall is the most appropriate trigger. The 
reason for this is three-fold. First, the Los Angeles County, California Multi-Agency 
Swift Water Rescue Committee uses rainfall prediction as the basis for routinely locking 
access gates to County flood control channels and putting swiftwater rescue personnel on 
alert. Written guidance for County personnel and other involved agencies is provided by 
the Committee in the “Operational Standards and Guidelines Document” (dated 
December 10, 1999).  This document outlines the protocols used by the City of Los 
Angeles Fire Department, County of Los Angeles Fire Department, Sheriff’s Department, 
Lifeguards and Department of Public Works to prepare for and provide swift-water 
rescues.  Under the “Water Rescue Pre-Deployment Section” (Sec. 6.00, p. 13), three 
storm levels are defined (Levels 1-3) based on storm warnings with an 80% prediction of 
specified levels (e.g., ½ inch, 1 inch, 1½ inches) of rain over 24 hours.6 The following are 
the three alert levels: 
 

                                                           
4 USEPA states, “For states and authorized tribes using this [high-flow cutoff] approach, EPA encourages 
the development of an plan to communicate to the public the conditions under which recreation should not 
occur” (USEPA, 2002, p. 34). 
5 Furthermore, staff evaluated, but does not recommend applying the suspension to coastal water bodies, 
since there is use during and immediately following storm events (e.g. surfing) and access is not restricted. 
6 According to LA County Flood Control, these protocols are implemented in the following way. There are 
12 superintendents who are responsible for closing gates to flood control channels in LA County when they 
deem appropriate. Each superintendent looks at Doppler information generally and estimates for their 
geographic region whether they should close the gates.   
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Level 1 1 inch of rain (if unsaturated ground) or ½ inch (if saturated ground)  

Level 2 1 ½ inch of rain (if unsaturated ground) or 1 inch (if saturated ground)  

Level 3 Rainfall/saturation levels exceeding those listed for Level 2   
Generalized flash floods, urban flooding and/or mud and debris flows 
Urban flooding with possible life hazards.  

 
Other factors that the agencies consider when determining deployment levels include: 
1) The effect of major wildland and interface burn areas.  Large burn areas result in 

increased runoff and high potential for mud and debris flows and flash floods. 
2) Flood watches and flood warnings. 
3) Real time effects of the storm, which may differ from weather forecasts, resulting in 

severe conditions in particular geographic areas. 
4) Releases in the flood control channels.  
 
At the Level 1 Alert threshold, County personnel routinely lock all access gates to flood 
control channels. Access gates are kept locked for at least 24 hours after the storm event 
(Burke, J., 2003, personal communication). 
 
The second reason that rainfall is selected as the most appropriate trigger is because there 
are numerous rain gages throughout Los Angeles and Ventura Counties making 
precipitation data readily available whereas flow, velocity and depth data are not 
available for all candidate channels (see Appendix 2 for more details). Third, rainfall is 
an adequate proxy for high flows/velocities resulting in unsafe conditions, given the 
reliance on rainfall prediction by the Multi-Agency Swift Water Rescue Committee. To 
confirm this, staff used five years of data (water years 1998-2002) to match days above 
the Level 1 Alert rainfall thresholds of ½ inch or 1 inch with corresponding flow, velocity 
and depth data in several local channels and compared this data to swift-water rescue data 
from these same channels as well as other agencies’ protocols for evaluating when 
conditions in these channels are unsafe. Specifically, staff relied upon a protocol used by 
the USGS and the County of Orange in which in-stream conditions are evaluated using 
the following calculation to determine whether it is safe for monitoring personnel to be in 
a stream or channel. The calculation is the peak depth (in feet) multiplied by the peak 
velocity (in feet/second). If the result is greater than or equal to 10, then it is considered 
unsafe (Caldwell, A., 2003, personal communication; County of Orange, 2001).  
 
The results of this analysis demonstrate that a significant percentage (63% on average 
and as much as 83%) of unsafe days (as determined using the USGS protocol described 
above) occur on days where the preceding day’s rainfall was greater than ½ inch, 
regardless of whether ground conditions were saturated or unsaturated.7 See Appendix 3, 
Table 1. (The counterpoint to this is that on average 37% of unsafe days occur on days 

                                                           
7 In the data analysis, staff compared the preceding day’s rainfall to conditions on the target day. Staff 
chose this approach due to the lag time associated with storm flows. See Appendix 3, Figures 1 to 3, for an 
example of this lag time. Had staff compared both the preceding day’s rainfall as well as rainfall on the 
target day to conditions on the target day, the percentages above may have been slightly higher.  
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outside of the defined wet weather conditions.) Additionally, 36 percent of documented 
swift-water rescues from 2001 to 2002 occurred on days with rainfall greater than or 
equal to ½ inch, while 71% occurred on days considered “unsafe”.8 See Appendix 3, 
Table 2. Finally, our analysis shows that, on average, 82% of days and as high as 100% 
of days where the preceding day’s rainfall was greater than ½ inch were considered 
unsafe per the USGS protocol, regardless of whether the ground was saturated. See 
Appendix 3, Table 1.  (Again, the counterpoint to this is that on average 18% of days 
where the preceding day’s rainfall was greater than ½ inch were not considered unsafe.) 
The results of this analysis show that using days with greater than ½ inch of rainfall and 
the following day will provide protection by suspending the use during 63% of unsafe 
days. Additionally, this trigger appears appropriate and justifiable based on this analysis, 
since on average 82% of days where the preceding day’s rainfall was greater than ½ inch 
were considered unsafe. See Appendix 3 for a more detailed discussion and presentation 
of this analysis.  
 
On the basis of the detailed data analysis described above and in Appendix 3, staff 
proposes to use the Level 1 Alert (with saturated conditions) threshold [rainfall greater 
than or equal to ½ inch as measured at the closest rain gage] as the trigger for suspension 
of the REC use(s) assigned to a particular engineered channel.9 Staff proposes to use the 
Level 1 Alert (with saturated conditions) threshold because rainfall in Southern 
California tends to be concentrated over a short “wet season” during November to March 
and, in particular, from January to March, leading to a greater likelihood of saturated 
conditions as compared to unsaturated conditions. Furthermore, staff’s analysis indicates 
that days deemed “unsafe” based on other agencies’ protocols are more likely to occur on 
days where the preceding day’s rainfall is between ½ to 1 inch than on days where the 
preceding day’s rainfall is greater than 1 inch, regardless of ground conditions (i.e. 
saturated vs. unsaturated).10 See Appendix 3, Table 1. Therefore, it is more protective of 
public safety to use the ½ inch rain threshold than the 1 inch rain threshold (i.e., the 
recreational use(s) will be suspended on a greater number of unsafe days if the ½ inch 
threshold is used as compared to the 1 inch threshold). In addition, due to the lag time 
associated with storm flows, staff proposes to apply the suspension for 24 hours after the 
specified rain event. (See Appendix 3, Figures 1 to 3.) This comports with the policy of 
Los Angeles County to keep all access gates locked for a minimum of 24 hours following 
the specified rain event (Burke, J., 2003, personal communication). 

                                                           
8 Eighty-two percent of swift-water rescues from 2001 to 2002 occurred on days with rainfall greater than 
0.1 inch or days following rainfall of greater than 0.1 inch. 
9 Staff evaluated several methods for identifying the precipitation corresponding to a particular engineered 
channel. These included using one centralized rain gage per county, one gage per watershed, or the closest 
gage to the engineered channel. Due to the variability in rainfall in the region, as confirmed by our analysis 
of these different methods, staff concluded that the closest rain gage to the engineered channel should be 
used. Consideration should be given to the completeness and quality of the data from that gage. If the data 
are incomplete or of poor quality, the next closest gage should be used. 
10 This can be explained by the fact that there tend to be more days with rainfall between ½ to 1 inch than 
days with rainfall greater than 1 inch. However, it is also insightful that the percentage of unsafe days 
where the preceding day’s rainfall was between ½ inch and 1 inch (32%) is similar to the percentage of 
unsafe days where the preceding day’s rainfall was greater than 1 inch (26%). 
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IV. LEGAL JUSTIFICATION FOR SUSPENSION OF REC USE(S) 

 
A. Legal Requirements for Removal of Designated Uses 
 

Per 40 C.F.R. § 131.10(g), States may remove a designated use that is not an existing use, 
as defined in 40 C.F.R. § 131.3, or establish subcategories of use if the State can 
demonstrate that attaining the designated use is not feasible for one or more of the 
following reasons: 

1. Naturally occurring pollutant concentrations prevent the attainment of the use,  
2. Natural, ephemeral, intermittent or low flow conditions or water levels 

prevent the attainment of the use, unless these conditions may be compensated 
for by the discharge of sufficient volume of effluent discharges without 
violating State water conservation requirements to enable uses to be met; 

3. Human caused conditions or sources of pollution prevent the attainment of the 
use and cannot be remedied or would cause more environmental damage to 
correct than to leave in place;  

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modification in a way that would result 
in the attainment of the use;   

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses; 
or  

6. Controls more stringent than those required by sections 301(b) [Effluent 
Limitations] and 306 [National Standards of Performance] of the Act would 
result in substantial and widespread economic and social impact. 

 
1. Restrictions on Removal of Use: 40 C.F.R. § 131.10  
 

Federal regulations restrict States from removing designated beneficial uses. Specifically 
40 C.F.R. § 131.10 (h) prohibits States from removing designated uses if: 

1. They are existing uses, as defined in 40 C.F.R. § 131.3, unless a use requiring 
more stringent criteria is added; or  

2. Such uses will be attained by implementing effluent limits required under 
sections 301(b) and 306 of the Act and by implementing cost-effective and 
reasonable best management practices.   

 

Furthermore, 40 C.F.R. § 131.10(i) states that where existing water quality standards 
specify designated uses less than those which are presently being attained, the State shall 
revise its standards to reflect the uses actually being attained. 
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2. Use Attainability Analyses: 40 C.F.R. § 131.3(g)   

 
40 C.F.R. § 131.3(g) defines a use attainability analysis (UAA) as a structured scientific 
assessment of the factors affecting the attainment of the use which may include physical, 
chemical, biological, and economic factors as described in § 131.10(g). 
 
Under section 40 C.F.R. § 131.10(j) of the Water Quality Standards Regulation, States 
are required to conduct a UAA whenever a State wishes to remove a designated use that 
is specified in section 101(a)(2) of the Act or adopt subcategories of uses specified in 
section 101(a)(2) that require less stringent criteria. 
 
 

USEPA (2002) provides guidance on conducting UAAs for recreational uses and 
provides the following factors that may be addressed: 

a) physical analyses considering the actual use (as of November 28, 1975), 
public access to the water body, facilities promoting the use of recreation, 
proximity to residential areas, safety considerations, and substrate, depth, 
width, etc. of a water body; 

b) chemical analyses of existing water quality ; 
c) potential for water quality improvements including an assessment of nutrients 

and bacteriological contaminants; and 
d) economic/affordability analyses. 

 
This reaffirms previous USEPA guidance in which USEPA suggested that, when 
evaluating recreational uses, States look at a suite of factors such as whether the water 
body is actually being used for primary contact recreation, existing water quality, water 
quality potential, access, recreational facilities, location, proximity to residential areas, 
safety considerations, and physical conditions of the water body in making any use 
attainability decision (USEPA, 1994).  
 
On the subject of physical analyses, USEPA has previously stated that, “physical factors, 
which are important in determining attainability of aquatic life uses, may not be used as 
the basis for removing or not designating a recreational use consistent with the CWA 
section 101(a)(2) goal” (US EPA, 1994). This precludes States from relying upon either 
factor 2 (low flows) or factor 5 (physical factors in general) as the sole basis for 
determining attainability of recreational uses. The reason for this preclusion is that States 
and USEPA have an obligation to do as much as possible to protect the health of the 
public.  In certain instances, people will use whatever water bodies are available for 
recreation, regardless of the physical conditions (USEPA, 1994).   
 
USEPA is in the process of considering whether the regulation or Agency guidance 
should be amended to allow consideration of physical factors, alone, as the basis for 
removing, or not designating primary contact recreational uses (USEPA, 1998). As part 
of this process, USEPA has convened a national workgroup to discuss recreational use 
designations. A key topic being vetted by the workgroup is Use Attainability Analyses 
for recreational uses.  
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B. Legal Justification for Suspension of REC Use(s) during Defined Rain 
Events 
 

Suspension of REC use(s) in engineered channels with restricted or prohibited access 
during rainfall of greater than or equal to ½ inch and the 24 hours following the rain 
event is legally justified for three reasons. These are: 

(1) During the defined wet weather events, recreation is not an existing use in 
engineered channels,  

(2) Under the defined wet weather conditions during which the suspension 
would apply, recreational uses in these channels are not attainable through 
effluent limitations under CWA section 301(b)(1)(A) and (B) and section 
306 or through cost effective and reasonable best management practices, 
and  

(3) These water bodies meet two of the six conditions listed in 40 C.F.R. 
131.10(g) during the defined wet weather conditions. 

 
The logic underlying each of these reasons is discussed in detail below. 
 

1. During the defined wet weather events, recreation is not an 
existing use in engineered channels. 

 
During the defined wet weather conditions, recreation is not an existing use in engineered 
flood control channels with restricted access, for two related reasons.11 First, during the 
defined wet weather conditions, the rate of flow, velocity and depth of the water in 
engineered channels renders them unsafe for individuals to engage in recreational 
activities. This is particularly true for REC-1 activities because REC-1 involves body 
contact recreation.  As presented earlier, the definition of REC-1 is:  

 
“Uses of water for recreational activities involving body contact with 
water, where ingestion of water is reasonably possible.  These uses 
include, but are not limited to, swimming, wading, water-skiing, skin and 
scuba diving, surfing, white water activities, fishing or use of natural hot 
springs.” (CRWQCB, 1994, p. 2-2)  

 
While REC-2 does not normally involve body contact with water, it does involve 
recreational activities in close proximity to water. As a result, REC-2 activities may result 
in accidental contact with water. Due to the extreme danger associated with recreation in 
or near these channels during the defined wet weather conditions, REC-2 activities, 
which may involve accidental contact with the water, are also unsafe. This is because if 
someone recreating near the water body fell into the water, they could be quickly swept 
downstream due to the high velocities, flow rates, and depths characterizing the defined 

                                                           
11 Note that while some of the water bodies proposed for inclusion in this amendment have “existing” REC 
uses assigned to them, these uses have never been “existing” during the defined wet weather conditions for 
the reasons discussed below. 
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wet weather conditions. Furthermore, the geometry of these flood control channels (i.e. 
vertical or steeply sloped sides) makes it extremely difficult to get out of the channel 
during these conditions. See section III.B and Appendix 3 for a detailed analysis of 
unsafe conditions. (See Exhibit 1, Photos 4 and 5.) 
 
Second, under the defined wet weather conditions including the 24 hours after the rain 
event, Los Angeles County routinely locks all access gates to these flood control channels 
per the protocols outlined in the “Operational Standards and Guidelines Document” 
(December 10, 1999) prepared by the Multi-Agency Swift Water Rescue Committee. 
Access gates to engineered flood control channels in Ventura County are always locked. 
Therefore, recreational activities are prohibited in these channels under the defined wet 
weather conditions. (See Exhibit 1, Photos 6 and 7.) 
 

2. Under the defined wet weather conditions during which the 
suspension would apply, recreational uses are not attainable through 
effluent limitations under CWA section 301(B)(1)(A) and (B) and 
section 306 or through cost effective and reasonable best 
management practices. 

 
Due to the design of the engineered flood control channels, recreational uses are not 
attainable during the defined wet weather conditions that would trigger the suspension 
even if water quality was adequate to support the uses. In other words, it is not water 
quality that ultimately precludes attainment of the REC uses, but rather the physical 
conditions during the defined wet weather conditions in hydrologically modified 
(engineered) channels. This is because, as described earlier, engineered flood control 
channels are constructed to reduce the incidence of flooding in urbanized areas by 
conveying stormwater runoff to the ocean or other discharge point as efficiently as 
possible. To accomplish this, the channels are usually lined, on the bottom and sides, with 
rip-rap or concrete. Furthermore, the channel sides are usually vertical or steeply sloped. 
These modifications, necessary for flood control, create “swiftwater” conditions during 
and immediately following storm events. Due to the need for flood control during storm 
events, these channels cannot be modified to eliminate the physical danger associated 
with recreation in or near these channels during wet weather conditions.    

 
3. These water bodies meet two of the six conditions listed in 40 
C.F.R. 131.10(g). 

 
As described earlier, there are six factors that may be used to justify removal of a 
designated use that is not an existing use or the establishment of sub-categories of a use. 
Federal regulation (40 C.F.R. 131.10(g)) requires that at least one of these six factors be 
met. These six factors are as follows: 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; 
or 

2. Natural, ephemeral, intermittent or low flow conditions or water levels 
prevent the attainment of the use, unless these conditions may be compensated 
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for by the discharge of sufficient volume of effluent discharges without 
violating State water conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of the 
use and cannot be remedied or would cause more environmental damage to 
correct than to leave in place; or 

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modification in a way that would result 
in the attainment of the use; or  

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses; 
or  

6. Controls more stringent than those required by sections 301(b) and 306 of the 
Act would result in substantial and widespread economic and social impact. 

 
The suspension of the REC use(s) in engineered flood control channels with restricted 
access is justified by factors 2 and 4 above. Regarding factor 2, southern California 
streams are naturally flashy systems due to the predominantly dry climate and short, 
concentrated wet season. These natural flashy conditions result in intermittent dangerous 
flow volumes and velocities after rain events that prevent the attainment of the use during 
and for the 24 hours after a ½-inch rain event.12 
 
In addition, the natural conditions in the factor 2 analysis are further exacerbated in 
engineered flood control channels, which are designed to contain and convey water 
rapidly to a discharge point.  This results in the use being unattainable under factor 4 as 
well.  These hydrologic modifications, made for the purpose of flood control, in 
combination with natural conditions (i.e., characteristically flashy systems during wet 
weather) physically preclude the attainment of the recreational use during and 
immediately following a ½-inch or greater storm event.  Further, it is not feasible to 
restore the water body to its original condition or operate the modifications in such a way 
as to attain the use during the defined wet-weather events.  
  
 
 

                                                           
12 Furthermore, regarding factor 2, because the natural conditions of concern are high flow/velocity 
conditions, these conditions cannot be compensated for by the discharge of sufficient volume of effluent 
discharges to enable uses to be met. 
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V.  DISCUSSION OF ALTERNATIVES 
 
Below staff presents four sets of alternatives, including (1) which recreational uses to 
suspend, (2) which trigger to use to identify periods subject to the suspension, (3) which 
associated water quality objectives to suspend, and (4) a “no action” alternative. 
Alternatives within each set are mutually exclusive, but alternatives between sets 1, 2 and 
3 are intended to be considered in combination. 
  

A. To Which Recreational Uses Should the Suspension Apply? 
 

1. REC-1 Use Only  
 
Due to the inherent danger of recreating in the water during high flow, velocity and depth 
conditions associated with storm events and the fact that the access gates are locked 
during these conditions, there is little likelihood that REC-1 uses could occur in these 
circumstances.  Under this recommendation, the REC-2 use and the associated objectives 
set to protect the REC-2 use would still apply during periods when the REC-1 use was 
suspended.  
 

2. REC-1 and REC-2 Uses 
 
Suspending both REC-1 and REC-2 uses is reasonable and can be justified by the 
inability of the channels to support REC-2 activities under the defined conditions. To 
examine whether REC-2 uses are supported under these conditions, it is useful to 
examine again the definition of REC-2. 
 

Uses of water for recreational activities involving proximity to water, but not 
normally involving body contact with water, where ingestion of water is 
reasonably possible.  These uses include, but are not limited to picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 
study, hunting, sightseeing, or aesthetic enjoyment in conjunction with the above 
activities. (CRWQCB, 1994, p. 2-2) 

  
The REC-2 use involves activities in proximity to water bodies and, therefore, may 
involve accidental contact with water, which under the defined wet weather conditions is 
unsafe. As discussed earlier, this is because if someone recreating near the water body 
fell into the water, they could be quickly swept downstream due to the high velocities, 
flow rates, and depths characterizing the defined wet weather conditions. Furthermore, 
the geometry of these flood control channels (i.e. vertical or steeply sloped sides) makes 
it extremely difficult to get out of the channel during these conditions. See section III.B 
and Appendix 3 for a detailed analysis of unsafe conditions. Furthermore, it is unlikely 
that any of the REC-2 activities are possible where access to the water is barred by 
fencing and locked access gates during the defined wet weather conditions. On the other 
hand, where access is prohibited, individuals could come in proximity to a channel (i.e., 
as close as the fencing would allow).  This proximity may result in the incidental 
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ingestion of water (e.g., from splashing).  It is the incidental/accidental ingestion of water 
that is being protected against with the REC-2 use.   
 

B. Which Trigger Should Be Used to Initiate the Suspension? 
 

1. Days of Rainfall greater than or equal to ½ inch plus the 24 Hours 
Following the Rain Event (Level 1 Alert threshold). 

 
Analysis showing that a trigger of greater than or equal to ½ inch of rainfall, including 
the 24 hours following the rain event, will capture 63% of “unsafe days” supports this 
alternative. From another standpoint, analysis showing that 82% of days with rainfall 
greater than ½ inch were followed by “unsafe” days also supports this alternative. Due to 
the lag time associated with storm flows, continuing to apply the suspension for 24 hours 
after the specified rain event is reasonable and justified. This also comports with the 
Level 1 Alert threshold used by Los Angeles County and its policy to keep all access 
gates locked for a minimum of 24 hours following the specified rain event. 
 
Under this alternative, the suspension would typically apply 16 to 22 days per year (or 4 
to 6% of the year) based on an evaluation of historical rainfall data from LAX and three 
representative rain gages in Ventura County.13 See Appendix 3, Table 4. 

 
2. Days of Rainfall greater than 1 inch plus the 24 Hours Following the 
Rain Event (Level 1 Alert threshold with antecedent unsaturated 
conditions).  

 
This approach is less conservative from the public safety standpoint than Alternative B.1 
in that the recreational use(s) would still apply on a number of days with rainfall of ½ 
inch to 1 inch when conditions would be deemed “unsafe.” (It is, however, more 
conservative from a water body protection standpoint.) As discussed earlier, the average 
percentage of unsafe days occurring on days where rainfall of ½ to 1 inch fell on the 
preceding day (32%) was nearly the same as the average percentage of unsafe days where 
rainfall of greater than 1 inch fell on the preceding day (26%). Using the more 
conservative ½ inch trigger captures 63% of unsafe days, on average, while using the less 
conservative 1 inch trigger only captures 29% of unsafe days, on average. Furthermore, 
looking at the data from another standpoint, the majority (69%) of days where rainfall of 
½ to 1 inch fell the preceding day were deemed unsafe.  
 
Under this alternative, the suspension would typically apply 6 to 12 days per year (or 2 to 
3% of the year) based on an evaluation of historical rainfall data from LAX and three 
representative rain gages in Ventura County.14 See Appendix 3, Table 5. 
                                                           
13 This may be an overestimate because staff has assumed that no day with rainfall greater than or equal to 
½ inch was followed by a second consecutive day of rainfall greater than or equal to ½ inch. If one or more 
days of rainfall greater than or equal to ½ inch were followed consecutively by a day(s) of rainfall greater 
than or equal to ½ inch, these numbers would be smaller. 
14 This may be an overestimate because staff has assumed that no day with rainfall greater than or equal to 
1 inch was followed by a second consecutive day of rainfall greater than or equal to 1 inch. If one or more 
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C. To Which Water Quality Objectives [Set to Protect Recreational Uses] 
Should the Suspension Apply? 
 

Under either Alternative A.1 or A.2, the associated objectives set to protect the REC 
use(s) that should be concurrently suspended should only include those that satisfy the 
following conditions: 
1) The constituents should degrade over a relatively short period of time; conversely, 

those that are stable or bioaccumulate should not be exempted due to the potential for 
extended and cumulative downstream impacts beyond the period of the suspension. 

2) High levels of these constituents should be of concern to those partaking in only those 
recreational activities where ingestion of water is possible, for these are the uses that 
are precluded by the defined wet weather events.  Conversely, constituents that could 
have an effect on other beneficial uses that still occur during wet weather events, 
should not be suspended, e.g. fish consumption. 

3) High levels of these constituents should not in any way affect the non-proximal 
aesthetic enjoyment of the water body. 

Therefore, the bacteria objectives set to protect the REC use(s) are the only objectives 
that should be concurrently suspended along with the REC use(s). This comports with 
USEPA guidance, which only envisioned applying a “high flow/velocity” exemption to 
recreational uses and the associated bacteriological criteria (USEPA, 2002). 
  

D. No Action 
 

Another alternative would be to do nothing and, as such, continue to apply the REC 
use(s) to all water bodies at all times. Recreational uses would be fully protected; 
however, the beneficial use designations will not reflect the actual or potential use of 
these channels under the defined wet weather conditions. Some stakeholders may view 
this alternative as unreasonably protective.   

 

                                                                                                                                                                             
days of rainfall greater than or equal to 1 inch were followed consecutively by a day(s) of rainfall greater 
than or equal to 1 inch, these numbers would be smaller. 
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VI.   OTHER CONSIDERATIONS 
 

A. Protection of Downstream Recreational Uses 
  
40 C.F.R. Part 131.10(b) states that “in designating uses of a water body and the 
appropriate criteria for those uses, the State shall take into consideration the water quality 
standards of downstream waters and shall provide for the attainment and maintenance of 
the water quality standards of downstream waters.” Many of the candidate channels in 
this proposed amendment flow directly, or indirectly as tributaries to other water bodies, 
to coastal water bodies and beaches. Many of these coastal water bodies (e.g. beaches) 
are currently listed as impaired due to bacteria. The Regional Board must ensure that the 
downstream coastal recreational uses are protected during wet weather events (subject to 
any other pertinent implementation procedures for the bacteria objectives) and that the 
recreational uses of the candidate channels are protected when normal/safe conditions 
return.  
 
On the coast, in Santa Monica Bay, a reference system approach15 is employed as the 
regulatory mechanism to protect the REC-1 use of the Bay’s beaches. Tables 4 and 5 in 
Appendix 3 provide estimates of the number of days on which a suspension of the REC 
use(s) would apply. Because the number of allowable exceedance days under the 
reference system approach will be re-evaluated in four years based on data from the wave 
wash (the point of compliance for the TMDL), staff cannot draw definitive conclusions as 
to whether the recommendations here conflict with the reference system approach. It 
appears that Alternative A.1 to suspend the REC-1 use only would not be in conflict with 
the reference system approach under most conditions. It is not clear whether Alternative 
A.2 to suspend both the REC-1 and REC-2 uses would be in conflict with the 
downstream reference system approach or not. To assess this, staff would need better 
information on bacterial degradation rates and transport times from each of the 
engineered channels to which the suspension would apply. 
 

B. Antidegradation Requirements 
 

Per the State Anti-degradation Policy (State Board Resolution 68-16), there may be no 
lowering of water quality from that currently attained. The policy states, “Whenever the 
existing quality of water is better than the quality established in policies as of the date on 
which such policies become effective, such existing high quality shall be maintained until 
it has been demonstrated to the State that any change will be consistent with maximum 
benefit to the people of the State, will not unreasonably affect present and anticipated 
beneficial use of such water and will not result in water quality less than that prescribed 

                                                           
15 Under this approach, a reference system is selected on the coast, which is influenced less than any other 
area in the watershed by human activities.  The number of exceedances for that coastal area is considered to 
be a result of natural or background conditions.  That number is then set as the allowable exceedance days 
for the rest of the coast unless a particular location has fewer exceedance days than the reference site, in 
which case antidegradation provisions apply. 
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in the policies” (SWRCB, 1968). In other words, existing water quality must be 
maintained even after the effective date of the proposed amendment. 
 

C. Anti-backsliding Requirements 
 

When the Regional Board reissues NPDES permits, the effluent limitations generally 
must be as stringent as the prior permit.  This concept is known as anti-backsliding and it 
is codified in federal Clean Water Act section 402(o) and separately in 40 C.F.R. 
§ 122.44(l).  There are several exceptions to the anti-backsliding provisions of Federal 
law.  In general, the relaxation water quality objectives, as permitted by the proposed 
Basin Plan amendment, does not exempt a discharger from the anti-backsliding 
provisions of the federal Clean Water Act.  The Regional Board must evaluate NPDES 
permits on a case-by-case basis when the permits are reissued to determine whether an 
applicable anti-backsliding exception applies. 
 

D. Future Uses 
 
Suspending the recreational use(s) of the candidate engineered channels does not 
preclude a lifting of this suspension should conditions within these channels change in 
the future. While such changes seem unlikely in most cases due to the necessary use of 
these channels for flood control, none of the alternatives would preclude a return to fully 
protecting all recreational uses at all times, if warranted. 
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VII. RECOMMENDED ALTERNATIVE 
 
The Regional Board recommends suspending the water contact recreational activities 
associated with the swimmable goal as expressed in the federal Clean Water Act section 
101(a)(2) and regulated under the REC-1 use, non-contact water recreation involving 
incidental water contact regulated under the REC-2 use, and the associated 
bacteriological objectives set to protect those activities, using as a trigger days of rainfall 
greater than or equal to ½ inch and the 24 hours following the rain event, which comports 
with the Los Angeles County Level 1 Alert threshold with antecedent saturated 
conditions. This alternative is justified by the unsafe conditions in engineered flood 
control channels during storm events of greater than or equal to ½ inch, regardless of 
ground conditions (i.e. saturated or unsaturated).  Furthermore, the candidate channels are 
routinely locked by Los Angeles County under these conditions, while Ventura County 
keeps its access gates locked at all times, preventing individuals from engaging in 
recreational activities in these channels during these conditions.16 The suspension would 
apply to inland, flowing, engineered channels where it is possible to restrict access during 
the defined conditions. Water quality objectives set to protect (1) other recreational uses 
associated with the fishable goal as expressed in the federal Clean Water Act section 
101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses 
involving the aesthetic aspects of water) shall still remain in effect.  
 
In making this recommendation, staff has considered all factors set forth in §13241 of the 
Porter Cologne Water Quality Control Act: 

a) Past, present and probable future beneficial uses of the candidate engineered 
channels have been, are and will be limited by the hydrologic modifications 
and other physical factors (i.e. natural conditions). 

b) Bacteriological water quality objectives set to protect recreational uses are not 
being met in 62 percent of the assessed candidate water bodies, however, 
TMDLs will rectify this in the future, taking into account any suspension of 
the recreational uses per this amendment. 

c) Stormwater is the primary source of bacterial contamination in these channels, 
particularly during the wet weather conditions under which the suspension 
would apply. Historically, stormwater has been difficult to control, 
particularly during wet weather conditions. Furthermore, given the role these 
channels serve for flood control, it will be particularly difficult to control 
flows during and immediately following large storm events. 

d) With regard to economic considerations, the recommended alternative is not 
expected to impose any additional cost and will likely reduce future costs by 

                                                           
16 Regional Board staff recognizes a potential gap between current Los Angeles County policies and the 
proposed amendment on days with between ½ inch and 1 inch of rainfall where there are unsaturated 
ground conditions. On these days, current Los Angeles County policies would not require locking access 
gates, though our analysis shows conditions to be unsafe on the majority of these days. Ways of addressing 
this gap are discussed in section VIII “Implementation Provisions”. 



Draft Staff Report – High Flow UAA  Page 20 

 

suspending the recreational uses and associated bacteria objectives during 
some wet weather events. 

e) The recommended alternative will have no impact on the need for developing 
housing within the region. 

f) The need to develop and use recycled water will not be affected by the 
proposed modifications and, in fact, the ability to reuse stormwater may be 
facilitated by this amendment by providing flexibility as to where stormwater 
controls must be implemented. 
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VIII. IMPLEMENTATION PROVISIONS 
 
The Regional Board is proposing to suspend REC-1 and REC-2 uses in engineered 
channels on days of greater than or equal to ½ inch of rain and the 24 hours following in 
acknowledgement of the inherent danger of recreating in these channels during these 
periods. Staff’s recommendation is based on analysis presented in section III.B and 
Appendix 3, which shows that in general rainfall greater than ½ inch results in unsafe 
conditions (based on velocity and depth considerations) regardless of whether there are 
saturated or unsaturated conditions.  
 
The current protocols used in Los Angeles County for locking access gates to engineered 
channels during storm events provide an effective mechanism for preventing access to 
these channels when conditions are unsafe. However, staff recognizes a potential gap 
between current County policies and the proposed amendment on days with between ½ 
inch and 1 inch of rainfall where there are unsaturated ground conditions. On these days, 
current County policies would not require locking access gates, though our analysis 
shows conditions to be unsafe on the majority of these days.  
 
To address this gap, the Regional Board proposes to work in coordination with Los 
Angeles County Flood Control as well as the Multi-Agency Swift-Water Rescue 
Committee to identify a mechanism for letting the public know that conditions in these 
channels are unsafe on days of greater than or equal to ½ inch of rain and the 24 hours 
following and, therefore, recreational use of these channels is being suspended in the 
interest of public safety. Potential mechanisms may include permanent signage, press 
releases, and public outreach in coordination with other public education programs (e.g., 
the municipal storm water permit public outreach program).  
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The Regional Board proposes to suspend the REC-1 beneficial uses for those water 
bodies where high velocities and deep water create unsafe conditions that preclude 
individuals from partaking in REC-1 activities.  Various implementation options were 
evaluated with respect to this action. 
 
 
Water Bodies to be Covered 
 
Water bodies to be covered by a high-flow suspension could include any of the following 
criteria: 

a) inland water bodies 
b) flowing water bodies (not lakes) 
c) engineered channels  
d) water bodies where access is restricted or prohibited (through fencing/signs)  
 

Criteria (a) and (b) must be met for water bodies to be covered by this suspension, but 
alone they are not enough.  Inland water bodies include those that may not be subject to 
the unsafe conditions that occur in engineered channels.  For example, clearly lakes are 
not subject to high velocities that would cause unsafe conditions.  Additionally, access to 
many lakes cannot be restricted during storm events.  Flowing water bodies also could 
include those that flow more slowly (e.g. due to natural meanders and vegetation).  Slow 
flowing water bodies do not necessarily have the conditions of an engineered channel 
that make recreation inherently dangerous during storm events.  
 
Therefore, in addition to criteria (a) and (b), criteria (c) and (d) must also be met.  
Engineered channels are designed to convey water rapidly out to a discharge point, 
making conditions unusually unsafe for recreation.  Therefore, engineered channels 
(criterion c) should be categorically exempt.  Restricted or prohibited access to the 
engineered channels (criterion d) should also be a complementary prerequisite for 
employing the suspension because only then is there an assurance that people cannot 
access a water body in order to engage in recreational activities.  See Appendix 1 for a 
list of engineered water bodies in the region to which access is restricted or prohibited.  
 
The Los Angeles Regional Water Quality Control Board’s "Basin Plan" contains a list of 
inland surface water bodies where access is restricted or prohibited in Los Angeles and 
Ventura Counties.  Staff conducted a search for readily available flow data for each of 
the inland flowing water bodies where access is restricted or prohibited. 
 
The Los Angeles County Department of Public Works maintains comprehensive 
information on facilities by channel type.  This enabled Regional Board staff to confirm 
our list of candidate water bodies with the County's to isolate those water bodies to 
which this amendment would apply.  
 
The Ventura County Flood Control District (VCFCD) does not have a comprehensive list 
of facilities by channel type.  The County currently has a GIS coverage showing channel 
location and length with basic information (drawing number, project name, year of 
construction, etc.) of all VCFCD facilities.   The County is currently developing a 
database that would break the list of channels down by channel type and dimensions, 
but it was not available for use in developing the proposed amendment.  There is no 
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record provided by the VCFCD as to which channels are engineered or have restricted 
access.  Therefore, Regional Board staff cannot confirm our list with the County's to 
isolate those water bodies to which this amendment would apply.    
 
 
Conditions Triggering Suspension  
 
The possible triggers for a suspension include: 

1) Velocity-basis (requires flow and area data) (e.g., "swift water" conditions).  

Velocity can be calculated by dividing the flow by the area (V=Q/A). 
Area can be calculated by multiplying the depth by the cross-sectional area 
(A=D*(Cross-Sectional Area)). 

2) Depth Basis 

3) Rainfall-basis (e.g., total daily rainfall).  
 
The following section analyzes the feasibility of each of these three options for Ventura 
County and Los Angeles County, given readily available data. 
 
Ventura County 
 
1).  Velocity Data (flow and area) 
 
a). Flow Data 
The Ventura County Flood Control District (VCFCD) provides peak flow data over the 
most current 24-hour period at http://www.ventura.org/vcpwa/fc/fws/ for a limited number 
of water bodies.  Real-time data is recorded at the county offices.  Ventura County is in 
the process of developing Internet access to historical rainfall and hydrologic data.  Also 
the USGS web-site (http://water.usgs.gov) is helpful for gages in Ventura County as it 
has real-time as well as historical flow data.   
 
Of the list of 61 water bodies to be covered by this amendment, none are in Ventura 
County.  There may be other water bodies that should be on the list.  However, Ventura 
County's effort to break the list of channels down by channel type and dimensions was 
not available at the time of writing.  There is no record provided by the VCFCD as to 
which channels are engineered or have restricted access.  Therefore, Regional Board 
staff cannot confirm our list of candidate water bodies with Ventura County's inventory.  
 
b). Area Data (Depth and Cross-Sectional Area) 
The VCFCD web-site (listed above) provides peak depth data for the most current 24-
hour period.  The USGS web-site (listed above) provides annual maximum 
instantaneous peak stream flow and gage heights. Ventura County is in the process of 
developing Internet access to historical rainfall and hydrologic data.  Cross-sectional 
area data can be found on as-built plans via request from VCFCD. 
 
2).  Depth Data 
Depth data is described above. 
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3).  Rainfall Data 
The VCFCD web-site (listed above) provides rainfall totals over various time intervals, 
i.e. last hour, last 3 hours, last 6 hours, last 12 hours, last day and last 2 days. Ventura 
County is in the process of developing Internet access to historical rainfall and 
hydrologic data.  Historical data was obtained for three representative gages in the 
county. 

 
Los Angeles County 
 
1).  Velocity Data (flow and area) 
 
a). Flow Data 
Regional Board Staff has a list of facilities by channel type for Los Angeles County.  Staff 
conducted a search for available flow data for each of the inland flowing water bodies 
where access is restricted or prohibited.  Flow data is available from the Los Angeles 
County Department of Public Works (LACDPW) web site at: 
http://www.ladpw.com/wrd/report/9899/runoff/discharge.cfm.  In looking at this web-site, 
staff concluded that less than ½ of the 61 candidate water bodies in Los Angeles County 
where access is restricted or prohibited have corresponding flow data. Therefore, it is 
not feasible to rely upon this data as a trigger to determine when to begin the 
suspension.  
 
b). Area Data (Depth and Cross-Sectional Area) 
In most cases depth data is used to determine the flow rate.  Therefore, in most 
channels where a county has flow data, depth data also exists. Cross-sectional area 
data can be found from looking at particular as-built plans via request from LACDPW. 
 
2).  Depth Data 
Depth data is described above. 
 
3).  Rainfall Data 
Los Angeles County displays real-time data for 62 rain gages located throughout the 
county for 1, 3, 6, 12, 24, 36, and 48-hour increments and for the last 30 days on their 
web-site.  The web-site is updated every 10 minutes.  This rain data can be viewed at: 
http://ladpw.org/wrd/precip/. 
 
 
Existing Protocol for Restricting Access 
 
In Ventura County, there are no water rescue pre-deployment criteria that result in the 
closing of flood control access gates.  All access gates to flood control channels and 
access roads are always locked.  There are a few exceptions, where Ventura County 
Flood Control District (VCFCD) has a specific written agreement with a city for joint use 
of a VCFCD right-of-way.  For these few areas where the public has access (most often, 
bike paths), the access road is not in an area that is at risk for flooding.  
 
In Los Angeles County, the Los Angeles County, California Multi-Agency Swift Water 
Rescue Committee has published an “Operational Standards and Guidelines Document” 
(dated December 10, 1999).  This guidance provides a framework for the City of Los 
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Angeles Fire Department, County of Los Angeles Fire Department, Sheriff’s Department, 
Lifeguards and Department of Public Works to provide water rescue.  Under the “Water 
Rescue Pre-Deployment Section” (Sec. 6.00 on page 13), three storm levels are defined 
(Levels 1-3) based on storm warnings with an 80% prediction of certain quantities of rain 
over 24-hours.  The following are the three alert levels: 
 
Level 1  1 inch of rain (unsaturated ground) or ½ inch (saturated ground)  

Level 2  1 ½ inch of rain (unsaturated ground) or 1 inch (saturated ground)  

Level 3 Rainfall/saturation levels exceeding those listed for Level 2   
Generalized flash floods, urban flooding and/or mud and debris flows 
Urban flooding with possible life hazards.  

 
Other factors LA County considers when determining deployment levels include: 
1) The effect of major wildland and interface burn areas.  Large burn areas result in 

increased runoff and high potential for mud and debris flows and flash floods. 
2) Flood Watches and Flood Warnings. 
3) Real time effects of the storm (may differ from weather forecasts, resulting in severe 

conditions in particular geographic areas). 
4) Releases in the Flood Control Channels.  
 
 
Rainfall as Most Practical Trigger for Suspension  
 
Velocity is probably the best direct measure, followed by depth, of unsafe conditions. 
However, from a practical standpoint, rainfall is the easiest to implement in a region-wide 
manner and is an adequate proxy for flow as indicated by the reliance on rainfall 
prediction by the Swift Water Rescue Committee.  Rainfall is the factor that determines 
when Los Angeles County closes its access gates to many engineered channels.  
Ventura County has its access gates closed at all times, precluding access to channels. 
Rainfall data is readily available to county personnel and is measured by the county 
agencies among others.  Los Angeles County has staff allocated and funded to close the 
gates that are county property using rainfall prediction as the basis for closure. In 
addition, as discussed earlier, flow meters or depth gages are not available for all 
engineered channels with restricted or prohibited access.  Finally, based on our analysis, 
rainfall appears to correlate well with unsafe conditions as further described in Appendix 
3.   
 
Appendix 3 provides a description of the analysis staff conducted to determine that rain 
was an adequate proxy for unsafe conditions.  In sum, unsafe conditions were estimated 
using a "rule of thumb" employed by USGS and also adopted by Orange County 
personnel, where if peak velocity * peak depth >= 10, then it is "unsafe."  Unsafe days 
were compared to the preceding day’s rainfall (i.e. rain >0.5 or >1.0 inch) to determine 
whether rainfall was an appropriate implementation trigger.   
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Rainfall Estimation Methods 
 
There are multiple methods for determining the amount of rainfall at any particular 
location.  All are based on using rain gage data.  Three methods are as follows: 
1) Use of one centrally located gage per county. 
2) Use of one centrally located gage per watershed (one gage per watershed with 

location within watershed to be determined based on availability of automatically 
recording rain gages and other factors). 

3) Use of the nearest rain gage. 
 
Staff analysis indicated that rainfall is highly variable and that the nearest rain gage 
should be used to estimate rainfall for particular water body segments. 
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Correlation between Unsafe Conditions and Rainfall at Select Locations in Three Watersheds  
 
Staff conducted an analysis of the correlation between "unsafe conditions" (using velocity and depth) and 
daily rainfall amounts to determine whether rainfall is an adequate proxy for unsafe conditions.  
Specifically, staff used five years of data (water years 1998-2002) to match days above the Level 1 Alert 
rainfall thresholds of ½ inch or 1 inch (depending on local antecedent moisture condition) with 
corresponding physical conditions in several local channels.  The physical conditions examined were 
those that could result in "unsafe" conditions, i.e. velocity and depth.  
 
The results of this analysis demonstrate that a significant percentage (63% on average and as much as 
83%) of unsafe days (as determined using the USGS protocol 1) occur on days where rainfall the prior 
day was greater than ½ inch. 2  (The counterpoint to this is that on average 37% of unsafe days occur on 
days outside of the defined wet weather conditions.)  Finally, the analysis shows that on average 82% of 
days and as high as 100% of days with rainfall greater than ½ inch were followed by “unsafe” days.  
(Again, the counterpoint to this is that on average 18% of days with rainfall greater than ½ inch were not 
followed by unsafe days.)  See Table 1 below.   
 
This analysis supports the use of rainfall events of greater than 1/2 inch, regardless of ground conditions 
(saturated vs. unsaturated) as a reasonable proxy for "unsafe" conditions in engineered channels the day 
following the rain event.    
 
To compare the benefit of using a 1/2-inch rain event versus the 1-inch event, it is important to compare 
the respective statistics using both rain events.  Both statistics are important: 

• % “Unsafe” Days Preceded by Rain Days  > X inch  
• % Days with Rain > X inch that were Followed by “Unsafe” Days  

Regarding the first bullet, the results of this analysis show that 63% of days that were considered unsafe 
occurred when greater than ½ inch of rain fell the preceding day. This statistic drops to 29% when 
rainfall was greater than 1 inch on the preceding day.  Regarding the second bullet, on average 82% of 
days with rain greater than ½ inch were followed by “unsafe” days.  This statistic rises to 94% for days 
with rainfall greater than 1 inch.  Since both statistics listed are important, it is clear that using a 1/2 inch 
of rain as a trigger for the suspension results in higher percentages when considered cumulatively than 
the cumulative statistics for 1 inch.  Therefore, it is more appropriate to use 1/2 inch of rain as a proxy 
for unsafe conditions; that is, a significant number of unsafe days would not be captured using 1 inch of 
rainfall as a proxy for unsafe conditions.  While it is necessary to use a prediction of rain to allow time to 
prepare for unsafe conditions, the implementation of the suspension would be based on actual rainfall 
data from the closest rain gage with adequate data.   
  
 

                                                           
1 The USGS uses the following calculation as a "rule of thumb" for determining whether it is safe for monitoring personnel to 
be in a channel (Al Caldwell, USGS, San Diego office, personal communication, 2003).  The calculation is the peak depth (ft) * 
peak velocity (ft/sec).  If the result is greater than or equal to 10 then it is considered unsafe.  The County of Orange, 
Environmental Resources Division, has adopted this "rule of thumb" into their practices (County of Orange, 2001). 
 
2 In the data analysis, staff compared the preceding day’s rainfall to conditions on the target day. Staff chose this approach due 
to the lag time associated with storm flows. See Figures 1 through 3 for examples of this lag time. Had staff compared both the 
preceding day’s rainfall as well as rainfall on the target day to conditions on the target day, the percentages above may have 
been slightly higher.  
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Table 1: High Flow Conditions at Select Stations in Three Watersheds In Region 4 (Water Years 1998-2002) 
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F34 LAR 19 25 11 13 68% 52% 10 53% 91% 

F342 LAR 45 32 11 29 64% 91% 11 24% 100% 

F285 LAR 35 30 13 29 83% 97% 13 37% 100% 

F37 LAR 39 21 7 20 51% 95% 7 18% 100% 

AVG LAR 35 27 11 23 67% 84% 10 33% 98% 

F274 SGR 30 23 9 17 57% 74% 8 27% 89% 

F304 SGR 25 23 8 20 80% 87% 8 32% 100% 

F312 SGR 21 20 7 12 57% 60% 5 24% 71% 

AVG SGR 25 22 8 16 65% 74% 7 27.7% 86.7% 

F38 B 56 23 8 23 41% 100% 8 14% 100% 

AVG  ALL  34 25 9 20 63% 82% 9 29% 94% 

 
Notes: *See Table 1A for a description of each station. 
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Table 1A. Description of Stream Gaging Stations used in Data Analysis 
 

Station Watershed Name Channel Dimensions* Assumptions 

F34D-R LAR LOS ANGELES RIVER below 
Firestone Blvd 

 

Concrete, with rip-rap side slopes, 
trapezoidal in section, with 
trapezoidal low flow channel. Top 
width is 265 feet.  Height is 17 
feet.  Side slopes not given nor 
bottom width. 

 

Low flow channel is 28 feet wide, 
no height given.  Assumption that 
flows will not go out of low flow 
channel except during extreme 
events, none of which occurred 
during this five-year period. So 
treated cross section as a 
rectangle with width of 28 feet. 

F342-R LAR BRANFORD STREET CHANNEL 
below Sharp Avenue 

 

Trapezoidal, 10 feet wide at 
bottom and 7.5 feet deep with 1.5 
to 1 side slopes. 

 

No assumptions needed. 

F285-R LAR BURBANK WESTERN STORM 
DRAIN at Riverside Dr. 

 

Concrete rectangular section with 
60 feet width and 12 feet in 
height. 

 

No assumptions needed. 

F37B-R LAR COMPTON CREEK near 
Greenleaf Drive  

 

Concrete rectangular section, 60 
feet wide by 13 feet deep. 

 

No assumptions needed. 

F274B-R SGR DALTON WASH at Merced 
Avenue 

 

Concrete rectangular section, 60 
feet wide, 14.5 feet tall. 

 

No assumptions needed. 

F304-R SGR WALNUT CREEK above Puente 
Avenue 

 

Concrete rectangular section, 50 
feet wide, 13.5 feet tall.  

 

No assumptions needed. 
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Station Watershed Name Channel Dimensions* Assumptions 

F312B-R SGR SAN JOSE CHANNEL below 
Seventh Avenue 

 

Grouted rip-rap side slopes with 
natural bottom, trapezoidal 
section. 

 

225 feet wide as the upper width, 
16 and 17 feet as the maximum 
height on two sides.  No 
dimensions for channel base or 
side slopes given.  Assumed that 
side slope was 1.5:1 with base of 
175 feet. 

F38C-R Ballona BALLONA CREEK above 
Sawtelle Blvd. 

 

Concrete ruble, trapezoidal in 
section 

 

95 feet wide as the upper width, 
23 feet tall in middle of channel.  
No base width given nor side 
slopes given.  Assumed that side 
slope was 1.5:1 with base of 26 
feet. 

*Channel dimensions obtained from the Los Angeles Department of Public Works web site at http://www.ladpw.org/wrd/runoff/.
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Illustration of Lag Time between Rainfall and Runoff 
 
Figure 1: Ballona Creek above Sawtelle Blvd. 

 
Figure 2: San Jose Channel below Seventh Ave. 
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Figure 3: Burbank Western Channel at Riverside Dr. 
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Rescue Dates, Locations and Conditions for 2001 and 2002 
 
In Los Angeles County, protocols for locking access gates to flood control channels and preparing for 
possible swift-water rescues in these channels during defined storm events have been set by the Los 
Angeles County, California Multi-Agency Swift Water Rescue Committee.   This committee is made up of 
the County and City Fire Departments, the Sheriff's Department, Lifeguards and the Department of Public 
Works.  The Los Angeles County Fire Department is the chair of the committee and retains records of the 
locations, dates and times of historic swift-water rescues.   
 
Staff analyzed two years of rescue data (water years 2001-2002) to match days on which there were 
swift-water rescues with corresponding flow, depth, velocity and rainfall data in several local channels.  
Staff concluded that 71 percent of the rescues occurred on days that were considered "unsafe".3  Thirty-
six percent of swift-water rescues from 2001 to 2002 occurred on days when the rainfall on that day or 
the preceding day was greater than ½ inch, while 27 percent occurred on days when the rainfall on that 
day or the preceding day was greater than 1 inch.4  See Table 2 below.  Table 3 provides minimum, 
maximum and mean statistics for the flow, velocity and depth values associated with the rescue data.

                                                           
3 Staff could not evaluate all rescue dates with respect to the USGS rule-of-thumb, since in some cases the necessary flow data 
was not recorded. 
4 Eighty-two percent of swift-water rescues from 2001 to 2002 occurred on days when rainfall on that day or the preceding day 
was greater than 0.1 inch. 
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Table 2: Rescue Dates, Locations5 and Conditions for 2001 and 2002 
 

Rescue 
Date 

Nearest 
Stream-
gage 

Water Body Water-
shed 

Total 
Daily 
Rain 

Rain 
Day 
B/F 

"Unsafe" 
V*D>10 Peak Flow Peak 

Depth 
Peak 
Velocity 

01/11/01 F354 Coyote 
Creek 

SGR 1.02 1.30 not recorded 

01/12/01 F354 Coyote 
Creek 

SGR 0.32 1.02 not recorded 

03/05/01 F34D-R LA River LAR 0.39 0.039 81.82 2290.98 3.13 26.14

03/06/01 F34D-R LA River LAR 0.31 0.39 543.45 15216.62 5.14 105.73

04/07/01 F34D-R LA River LAR 0.71 0 8.42 235.70 2.13 3.95

04/27/01 F274B-R San Dimas 
Wash 

SGR 0 0 3.77 226.47 0.84 4.49

04/30/01 F262-R San Gabriel 
R. 

SGR 0 0 not recorded 

12/21/01 F64R Rio Hondo LAR 0.27 0.08 Gage taken off-line in 1996. 

11/30/01 F274B-R San Dimas 
Wash 

SGR .078 0.24 63.33 3800 3.83 16.54

11/30/01 F274B-R San Dimas 
Wash 

SGR .078 0.24 63.33 3800 3.83 16.54

12/16/02 F354 Coyote 
Creek 

SGR 1.41 0 11.05 16200 7.81 34.57

SGR = San Gabriel River 
LAR = Los Angeles River 

                                                           
5 Exact locations were provided by the LACFD but are not included on this table. 
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Flow, Velocity and Depth Conditions during "Unsafe" Conditions, Rescues and Specified Rain 
Events 
 
Staff analyzed some basic hydrologic parameters associated with select channels of concern during 
various weather and safety conditions.  These hydrologic conditions included flow, velocity and depth.  
The minimum, maximum and mean peaks of these three parameters were recorded.    
 
It is interesting to note that the averages for peak flow, peak velocity and peak depth were similar in 
magnitude for the "unsafe" days and for the days following a rain event greater than 1/2 inch, regardless 
of ground conditions (i.e. saturated vs. unsaturated).  This seems to support the idea that rain events 
greater than 1/2 inch are a good proxy for "unsafe conditions." 
 
The correlation between these parameters for days with rescues and days following rain events greater 
than 1/2 inch is not so strong.  While the ranges are comparable, the averages for peak flow, peak 
velocity and peak depth are approximately 1.5 - 2 times larger during rescue conditions as compared to 
events where rain the day prior is greater than 1/2 inch.  In other words, most rescue days seem to have 
conditions that are far more dangerous than those associated with the average 1/2-inch rain event.   
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Table 3: Flow, Velocity and Depth Conditions during "Unsafe" Events, Days with Rescues and Specified Rain Events (Los 
Angeles River, San Gabriel River and Ballona Creek Sites) 

 

Condition Peak flow (range & average) Peak velocity (range & 
average) 

Peak depth (range & average) 

Days “unsafe” (117.31 - 12,483.72 )

 2,143.29

(4.06 - 121.31)

13.15

(0.19 - 9.33)

2.59

Days w/ 
rescues 

(226.47 - 16,200.00)

5,967.11

(3.95 - 105.73)

28.90

(0.26 - 7.81)

3.37

Days following 
rain>0.5 

(27.02 - 12,483.72)

2,150.59

(0.42 - 58.83)

12.44

(0.37 - 9.33)

2.57

Days following 
rain >1.0 

(27.02 - 12,483.72)

3059.68

(0.42 - 58.83)

15.34

(0.37 - 9.33)

3.10
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Summary of Days of Rainfall ≥1/2 inch and ≥1 inch plus the 24-hours following based on 
Historical Records 
 
 
At each of four rain gage stations in Los Angeles and Ventura Counties, rainfall greater than or equal to 
1/2 inch occurred an average of 18 days per year over the periods of record.  This number drops to 7.75 
days, where the rainfall criterion is greater than or equal to 1 inch.  In percentages, 4.75% of the 365 
days per year were days over the rain criterion of 1/2 inch.  The percentage drops to 2.25% when using 
the criterion of 1.0 inch of rainfall.   
 
The ranges and medians are broken down by station in the two tables below.  Table 4 applies to the 1/2- 
inch threshold.  Table 5 applies to the 1-inch threshold.   
 
The significance of these tables is that they indicate the number of days per year that the high flow 
suspension of the REC-1 and REC-2 beneficial uses would apply.   
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Table 4: Summary of Days of Rainfall ≥ ½ Inch plus the 24 Hours Following  
Based on Historical Records6 

 
Rain Gage Max No. of 

Days / year (% 
of Year) 

No. of Days in 
1993 (% of 
Year) 

Min No. of Days 
/ year (% of 
Year) 

Median No. of 
Days / year (% 
of Year) 

LAX7 48 (13%) 26 (7%) 2 (0.5%) 16 (4%) 
Ojai – Stewart 64 (18%) Not calculated 0 (0%) 22 (6%) 
Simi 56 (15%) Not calculated 2 (0.5%) 18 (5%) 
VD 34 (9%) Not calculated 0 (0%) 16 (4%) 
 
Notes: The Max, Min, and Median numbers may be overestimates because staff has assumed that no 
day with rainfall greater than or equal to ½ inch was followed by a second consecutive day of rainfall 
greater than or equal to ½ inch. If one or more days of rainfall greater than or equal to ½ inch were 
followed consecutively by a day(s) of rainfall greater than or equal to ½ inch, these numbers would be 
smaller. The number of days in 1993 is an exact calculation. 
 
 

Table 5: Summary of Days of Rainfall ≥ 1 Inch plus 24 Hours Following Based on Historical 
Records8 

 
Rain Gage Max No. of 

Days / year (% 
of Year) 

No. of Days in 
1993 (% of 
Year) 

Min No. of Days 
/ year (% of 
Year) 

Median No. of Days 
/ year (% of Year) 

LAX9 24 (7%) 15 (4%) 0 (0%) 6 (2%) 
Ojai – Stewart 38 (10%) Not calculated 0 (0%) 12 (3%) 
Simi 30 (8%) Not calculated 0 (0%) 8 (2%) 
VD 18 (5%) Not calculated 0 (0%) 7 (2%) 
 
Notes: The Max, Min, and Median numbers may be overestimates because staff has assumed that no 
day with rainfall greater than or equal to 1 inch was followed by a second consecutive day of rainfall 
greater than or equal to 1 inch. If one or more days of rainfall greater than or equal to 1 inch were 
followed consecutively by a day(s) of rainfall greater than or equal to 1 inch, these numbers would be 
smaller. The number of days in 1993 is an exact calculation. 
 
 
 
 
 
 

                                                           
6 Note that the period of record for the LAX analysis was from 1948 to 2000.  For the Ventura Downtown (VD) and Ojai-
Stewart gages the period of record was 1956 to 2001.  For the Simi gage the period of record was 1956 to 1971. 
7 Note that the water year used for the LAX analysis was from November 1 through October 31st.  The rest of the rain gage 
analyses were based on a water year that runs from October 1 through September 30th. 
8 See Footnote 6 above. 
9 See Footnote 7 above. 
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1.0   Introduction 
 
The purpose of this Use Attainability Analysis (UAA) is to provide evidence that 
supports the proposed use classification change for the upper segment of Valley Creek 
being upgraded from Agricultural and Industrial Water Supply (A&I) to Limited 
Warmwater Fishery (LWF).  More specifically, a UAA is required by EPA when States 
assign a use classification to surface waters that is considered less than the 
“fishable/swimmable” goal as defined in Section 101(a)(2) of the Clean Water Act.  The 
use classification change for Valley Creek is considered an upgrade because the water 
uses and corresponding water quality criteria are more stringent for waters classified as 
LWF as opposed to A&I.  However, the LWF classification does not fully meet the water 
quality uses and criteria associated with the “fishable/swimmable” goal, therefore a UAA 
is necessary.  Alabama’s Fish and Wildlife (F&W) use classification, is considered a 
“fishable/swimmable” designated use by EPA, therefore the objective of this analysis is 
to document the conditions that prevent the upper segment of Valley Creek from 
attaining Fish and Wildlife status. 
 
On August 1, 2000, the Environmental Management Commission adopted new 
regulations (effective September 7, 2000) which eliminated the Industrial Operations 
(IO) category from the use classification regulations as defined by ADEM’s Water 
Quality Program.  At the same time, a segment of Valley Creek (9.7 miles) and all of 
Opossum Creek (8.5 miles) were upgraded from Industrial Operations to Agricultural 
and Industrial Water Supply.  At that time, a UAA was prepared by ADEM for Valley 
Creek and Opossum Creek (October 2000) for the purpose of documenting the reasons 
why the streams could not attain F&W status. The October 2000 UAA continues to be 
the supporting document for Opossum Creek’s current A&I classification.  Tables 1-1 & 
1-2 below provide a summary of how the rule revisions changed the use classification 
structure for Valley Creek and Opossum Creek from their previous classification to their 
current classification. 
 
Table 1-1-Previous Classification 
 

Stream 
Segment 

Basin Geographic Description Length 
(miles) 

Previous  
Classification 

Valley Creek Black 
Warrior 

from Bankhead Lake (confluence of 
Mud Creek) to county road crossing 
11/2 miles NE of Johns (Jefferson 
County Rd. 36) 

24.7  A&I 

Valley Creek Black 
Warrior 

from county road crossing 11/2 miles 
NE of Johns (Jefferson County Rd. 36) 
to Opossum Creek 

9.7 IO 

Valley Creek Black 
Warrior 

from Opossum Creek to its source 11.9  A&I 

                              Total A&I/IO length for Valley Creek  ⇒ 46.3  
Opossum 

Creek 
Black 

Warrior 
from Valley Creek to its source 8.5 IO 

 
Table 1-2-Current Use Classification as of September 7, 2000. 
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Stream 

Segment 
Basin Geographic Description Length 

(miles) 
Classification 
(as of 9/7/00) 

Valley Creek Black 
Warrior 

from Bankhead Lake (confluence of 
Mud Creek) to its source 

46.3  A&I 

Opossum 
Creek 

Black 
Warrior 

from Valley Creek to its source 8.5  A&I 

 
Table 1-3-Proposed Use Classification as of December 23, 2001. 
 

Stream 
Segment 

Basin Geographic Description Length 
(miles) 

Proposed 
Classification 

Valley Creek Black 
Warrior 

from Bankhead Lake (confluence of 
Mud Creek) to Blue Creek 

22.6 F&W 

Valley Creek Black 
Warrior 

from Blue Creek to its source 23.7 LWF 

 
As shown in Table 3 above, the proposed use classification changes of Valley Creek split 
the stream approximately in half, with the lower segment of Valley Creek being 
proposed for Fish and Wildlife and upper segment of Valley Creek being proposed for 
Limited Warmwater Fishery (See Attachment 1, Figure 1).  Blue Creek was chosen as the 
geographic boundary between F&W and LWF as a result of ADEM’s water quality 
modeling.  According to the modeling results, Blue Creek was the approximate location 
at which dissolved oxygen levels rebounded from the sag to back above 5.0 mg/l, which 
is the required criteria for waters designated Fish and Wildlife.  (See Attachment 5, 
Summer A&I Model Run) 
 
In accordance with the Federal Water Quality Standards Regulation (40 CFR 131.3), a 
use attainability analysis is a structured scientific assessment of the factors affecting the 
attainment of a use which may include physical, chemical, biological, and economic 
factors as described in Section 131.10(g).  As indicated below, results of this use 
attainability analysis indicate at least two of the six applicable factors as defined in 
Section 131.10(g) are preventing the segment of Valley Creek from attaining ADEM’s 
Fish and Wildlife use classification. 
 
Applicable Factors for Valley Creek (40 CFR Part 131.10(g)): 
 

(1)  Naturally occurring pollutant concentrations prevent the attainment of the use; or 
 

(2) Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the discharge of 
sufficient volume of effluent discharges without violating State water conservation 
requirements to enable uses to be met; or 
 

(3) Human caused conditions or sources of pollution prevent the attainment of the use and 
cannot be remedied or would cause more environmental damage to correct than to leave in 
place; or 
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(4) Dams, diversions or other types of hydrologic modifications preclude the attainment of 
the use, and it is not feasible to restore the water body to its original condition or to 
operate such modification in a way that would result in the attainment of the use; or 
 

(5) Physical conditions related to the natural features of the water body, such as the lack of 
a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, 
preclude the attainment of aquatic life protection uses; or 
 

(6) Controls more stringent than those required by Sections 301(b) and 306 of the Act 
would result in substantial and widespread economic and social impact. 

 
 
2.0   Overview of the Limited Warmwater Fishery Classification 
 
On August 1, 2000, the Environmental Management Commission (EMC) adopted 
regulations (effective September 7, 2000) which created a new use classification, 
Limited Warmwater Fishery (LWF), within ADEM’s Use Classification System 
(Administrative Code 335-6-11).  On December 23, 2001, ADEM proposed regulations 
that would reclassify the upper portion of Valley Creek to LWF.  The key element of the 
LWF classification is that it establishes seasonal uses and water quality criteria for 
waters that otherwise cannot maintain the Fish & Wildlife criteria on a year-round basis.  
The following italicized paragraphs provide the specific water quality criteria associated 
with the LWF use classification as it appears in ADEM’s Water Quality Criteria 
(Administrative Code 335-6-10-.09(6)). 
 
(6) LIMITED WARMWATER FISHERY 
  
 (a) The provisions of the Fish and Wildlife water use classification at 
Rule 335-6-10-.09(5) shall apply to the Limited Warmwater Fishery water use 
classification, except as noted below.  Unless alternative criteria for a given parameter 
are provided in paragraph (e) below, the applicable Fish and Wildlife criteria at 
paragraph 10-.09(5)(e) shall apply year-round. At the time the Department proposes 
to assign the Limited Warmwater Fishery classification to a specific waterbody, the 
Department may apply criteria from other classifications within this chapter if 
necessary to protect a documented, legitimate existing use.   
 
 (b) Best usage of waters (May through November): agricultural 
irrigation, livestock watering, industrial cooling and process water supplies, and any 
other usage, except fishing, bathing, recreational activities, including water-contact 
sports, or as a source of water supply for drinking or food-processing purposes. 
 
 (c) Conditions related to best usage (May through November): 
 
 1. The waters will be suitable for agricultural irrigation, livestock 
watering, and industrial cooling waters.  The waters will be usable after special 
treatment, as may be needed under each particular circumstance, for industrial 
process water supplies.  The waters will also be suitable for other uses for which 
waters of lower quality will be satisfactory. 
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 2. This category includes watercourses in which natural flow is 
intermittent, or under certain conditions non-existent, and which may receive treated 
wastes from existing municipalities and industries.  In such instances, recognition is 
given to the lack of opportunity for mixture of the treated wastes with the receiving 
stream for purposes of compliance.  It is also understood in considering waters for this 
classification that urban runoff or natural conditions may impact any waters so 
classified. 
 
 (d) Other usage of waters: none recognized. 
 
 (e) Specific criteria: 
 
 1. Dissolved oxygen (May through November): treated sewage, 
industrial wastes, or other wastes shall not cause the dissolved oxygen to be less than 
3.0 mg/l.  In the application of dissolved oxygen criteria referred to above, dissolved 
oxygen shall be measured at a depth of 5 feet in waters 10 feet or greater in depth; and 
for those waters less than 10 feet in depth, dissolved oxygen criteria will be applied at 
mid-depth. 
 
 2. Toxic substances and taste-, odor-, and color-producing 
substances attributable to treated sewage, industrial wastes, and other wastes: only 
such amounts as will not render the waters unsuitable for agricultural irrigation, 
livestock watering, industrial cooling, and industrial process water supply purposes; 
interfere with downstream water uses; or exhibit acute toxicity or chronic toxicity, as 
demonstrated by effluent toxicity testing or by application of numeric criteria given in 
Rule 335-6-10-.07, to fish and aquatic life, including shrimp and crabs in estuarine or 
salt waters or the propagation thereof.  For the purpose of establishing effluent 
limitations pursuant to Chapter 335-6-6 of the Department's regulations, the minimum 
7-day low flow that occurs once in 2 years (7Q2) shall be the basis for applying the 
chronic aquatic life criteria.  The use of the 7Q2 low flow for application of chronic 
criteria is appropriate based on the historical uses and/or flow characteristics of 
streams to be considered for this classification. 
 
 3. Bacteria: bacteria of the fecal coliform group shall not exceed a 
geometric mean of 1000/100 ml; nor exceed a maximum of 2000/100 ml in any 
sample.  The geometric mean shall be calculated from no less than five samples 
collected at a given station over a 30-day period at intervals not less than 24 hours. 
 
      
 
The above water quality criteria are commensurate with surface waters designated 
Limited Warmwater Fishery.  In general, the water quality criteria associated with the 
Limited Warmwater Fishery classification are the same as the Fish and Wildlife criteria 
except for the following: 
• Minimum dissolved oxygen requirements are reduced from 5 mg/l to 3 mg/l during 

May through November. 
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• The seven-day, two-year (7Q2) low flow instead of the seven-day, ten-year (7Q10) low 
flow is used to establish the chronic aquatic life criteria for point source discharges. 

• Bacteriological criteria for incidental water contact and recreation during the months 
of June through September are not required. 

 
 
3.0   Physical Characteristics of Valley Creek 
 
Valley Creek originates in the City of Birmingham, Jefferson County, Alabama and 
meanders to the west until it reaches the impounded waters of Bankhead Lake of the 
Black Warrior River.  The Valley Creek watershed lies within two distinct physiographic 
provinces of north central Alabama, namely the Valley and Ridge and the Appalachian 
Plateau.  The Valley and Ridge drains the eastern portion of Valley Creek (Upper Valley) 
and is characterized by parallel ridges and valleys having a wide variety of widths, 
heights and geologic materials, including limestone, dolomite, shale, siltstone, 
sandstone, chert and marble.  The stream primarily exhibits a dendritic drainage 
pattern as it flows across gently dipping rocks in the basin.  The western portion (Lower 
Valley) of the watershed lies within the Cumberland Plateau section of the Southwestern 
Appalachian province and is underlain by horizontal sedimentary bedrock layers that 
are deeply dissected by streams. The types of geology typically encountered are 
interbedded dark-gray shale, siltstone, medium-gray sandstone and numerous coal 
seams.  The landscape consists of low hills in an irregular pattern, which have broad, 
gently rolling summits and steep slopes.  Relief is on the order 200 to 250 feet and the 
hills are generally capped with massive beds of sandstone. 
 
Valley Creek is a major tributary of the Black Warrior River and has a total drainage 
area of 257 square miles and has a total length of approximately 46 miles.  The 7-day, 
10-year (7Q10) and 7-day, 2-year (7Q2) low flows of Valley Creek at its mouth are 12.9 
cubic feet per second (cfs) and 27.2 cfs, respectively.  Major tributaries of Valley Creek 
within the proposed Limited Warmwater Fishery segment include Blue Creek, Fivemile 
Creek, and Opossum Creek with drainage areas of 19.3, 16.5, and 13.2 square miles 
respectively.  Of the tributaries mentioned, Opossum Creek has considerable impact on 
Valley Creek due to the major point and nonpoint sources of pollution located within its 
watershed.  In addition, the Opossum Creek watershed is one of the most highly 
industrialized areas of Birmingham and the stream has been on Alabama’s 303(d) use 
impairment list since 1998 for organic enrichment and low dissolved oxygen.  Nonpoint 
sources are believed to be the most significant source of CBOD in the Opossum Creek 
watershed.  The overall land use in the Opossum Creek subwatershed is 52% urban, 40% 
forested, 8% open area.  Opossum Creek originates in Fairfield, Jefferson County, 
Alabama and travels 8.5 miles until it enters Valley Creek just upstream of the St. 
Louis/San Francisco Railway bridge.  The 7Q10 and 7Q2 low flows at the mouth of 
Opossum Creek are 0.6 cfs and 1.7 cfs, respectively.  See Figure 1 for the location of 
Opossum Creek within the Valley Creek watershed. 
 
The Valley Creek watershed includes a broad spectrum of land-use activities.  In general, 
the land use transforms considerably from Upper Valley Creek to Lower Valley Creek.  
Heavy industrial and commercial activities as well as high/low intensity residential land 



6 

uses dominate the landscape within Upper Valley Creek.  Upper Valley Creek drains a 
major metropolitan area and has typical urban stream characteristics such as poor 
habitat and degraded water quality and stressed biological communities.  The degraded 
condition of Upper Valley Creek is primarily due to the extensive industrial and 
commercial land use within its watershed.  The urbanized landscape creates dynamic 
flow events, reduced riparian zones, increased siltation, and other conditions that 
destroy habitat and impair water quality, thus making it difficult to sustain a healthy 
aquatic community.  In contrast, the Lower Valley Creek watershed is predominantly 
rural, with sivicultural, agricultural, and some mining operations comprising the land 
use.  The less intensive land use activities contribute to the improved chemical, physical 
and biological conditions within Lower Valley Creek.  Table 3-1 below is a summary of 
land use activity within the three subwatersheds that define Valley Creek.  The land use 
information was obtained from the EPA Region 4 Land Cover Data Set, South Central 
Portion, Version 1.  Figure 2 of Attachment 1 provides a pictorial representation of the 
land uses within the Valley Creek watershed. 
 
Table 3-1 – Land Use Activity within the Valley Creek Watershed 
 

Subwatershed 
Code Land Use Upper 

Valley 
Lower 
Valley 

Shoal Total 

11 Open Water 0.54% 0.38% 5.88% 1.35% 
21 Low Intensity Residential 19.40% 2.09% 0.15% 7.32% 
22 High Intensity Residential 7.20% 0.22% 0.00% 2.43% 
23 Commercial/Industrial/Tran

sport 
10.46% 0.33% 0.27% 3.57% 

31 Bare Rock/Sand --- --- --- --- 
32 Quarry/Strip Mine/Gravel 

Pits 
1.03% 0.70% 1.24% 0.90% 

33 Transitional Barren 0.58% 0.92% 0.28% 0.70% 
41 Deciduous Forest 20.02% 38.17% 38.84% 32.46% 
42 Evergreen Forest 9.18% 22.75% 22.78% 18.40% 
43 Mixed Forest 19.90% 29.11% 28.71% 26.09% 
81 Pasture/Hay 4.47% 2.90% 1.06% 3.10% 
82 Row Crops 2.23% 1.69% 0.74% 1.70% 
85 Other Grasses 4.99% 0.73% 0.04% 1.98% 
91 Forested Wetland 0.01% --- --- 0.00% 
92 Emergent Wetland 0.01% --- 0.01% 0.01% 

 
The overall health of Valley Creek is dependent upon good physical characteristics such 
as proper flow, adequate riparian zones, diverse substrate, and other features that offer 
good habitat to sustain a healthy aquatic community.  Upper Valley Creek is a typical 
urban stream, containing large amounts of impervious landscape, which in turn allow 
flash floods to easily occur during rain events that destroy habitat via erosion and 
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sedimentation.  Over the years, urbanization of Valley Creek has created many 
channelized areas within the stream which offer little, if any, habitat for a healthy 
aquatic community.  Subsequently, the concrete channels, coupled with high nutrient 
loads and excessive light/heat penetration, allow dense periphytic algae and microbial 
communities to form, which in turn produce significant fluctuations in dissolved oxygen 
levels via photosynthesis and respiration. 
 
When comparing the physical characteristics of Upper and Lower Valley Creek, the 
differences that distinguish the two watersheds are primarily land use activity. The less 
intensive land uses of Lower Valley Creek lend to its ability to attain a Fish and Wildlife 
use classification.  In contrast, it is primarily the poor physical characteristics of Upper 
Valley Creek that are preventing the stream from attaining a Fish and Wildlife use 
classification.  For this reason, the proposed Limited Warmwater Fishery classification 
is appropriate for Upper Valley Creek. 
 
 
4.0 Chemical Characteristics of Valley Creek 
 
The chemical characteristics of Upper Valley Creek demonstrate the influence a major 
metropolitan area (i.e. heavy industrial, commercial, and residential land use) has on 
water quality.  When comparing the water quality data and associated land uses between 
the Upper and Lower Valley Creek subwatersheds, it can be shown that land use activity 
provides a good indication of the types of water quality impacts to be expected within 
the stream. Upper Valley Creek is characterized as having significant industrial, 
commercial and residential land uses; likewise it has poor dissolved oxygen levels, high 
pathogen levels, and elevated biochemical oxygen demand (BOD) and nutrient 
concentrations.  Lower Valley Creek is characterized as having primarily a forested and 
low-intensity residential land use; therefore it has healthier dissolved oxygen levels, 
lower pathogen and BOD concentrations.   
 
The USGS data collected as part of the ongoing Birmingham Watershed Project 
confirms the previous water quality impacts encountered by EPA and ADEM within 
Upper Valley Creek.  Review of the data indicates the key parameters preventing a Fish 
and Wildlife use classification are dissolved oxygen, nutrients, and bacteria.  As 
illustrated in Table 4-1 below, samples collected at stations VAL-1 and VAL-2 reported 
dissolved oxygen levels less than 5.0 mg/L, which is the required concentration for 
streams classified as Fish and Wildlife.  Fecal Coliform levels at these stations were 
elevated well above ADEM’s required criteria for a Fish and Wildlife stream.  Review of 
bacteriological data collected, indicate the fecal coliform criteria (200 colonies/100 ml) 
necessary to protect swimming and other whole-body water contact recreation during 
the months of June through September would easily be exceeded.  These high pathogen 
levels can be attributed primarily to sewer overflows, leaking sewer lines, and other 
regulated and nonregulated stormwater runoff.  See Attachment 1, Figure 1 for sampling 
station locations within the Valley Creek subwatershed.  See Attachment 2 for a 
complete list of field/laboratory data and sampling station descriptions.  See 
Attachment 6 for a detailed recreational use attainability analysis for Village and Valley 
Creeks using data and analysis from Village Creek that is applicable to Valley Creek. 
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Table 4-1: Selected USGS Water Quality Data, 2000-2001. 
 
Station 

ID 
Date 

(yy/mm/dd) 
Flow 
(cfs) 

DO 
(mg/L) 

BOD 
(mg/L) 

Fecal 
Coliform 

(col/100 ml) 

Total 
Nitrogen 

(mg/l) 

Total 
Phosphorous 

(mg/l) 
VAL-1 2000/03/01 1.83 8.2  3700 2.2 0.096 
VAL-1 2000/03/31 1.77 7.12  22000 2.8 0.158 
VAL-1 2000/06/29 33.4 5.1  > 33001 2 0.166 
VAL-1 2000/08/02 2.25 5.3 4.9 64000K 2.3 0.252 
VAL-1 2000/08/31 1.12 5 4.8 4000 2.5 0.244 
VAL-1 2000/10/03 1.12 3.3 1.7 2100 2.2 0.269 
VAL-1 2000/11/09 37 8.2  85000K 1.4 0.123 
VAL-1 2000/12/12 1.64 4.2 4.8 44000E 2.6 0.162 
VAL-1 2001/01/23 2.49 7.8 2.4 3800 2.8 0.236 
VAL-1 2001/02/12 120 10.4 4.4 5900 0.77 0.136 
VAL-2 2000/02/29 13 13.1  41K 1.4 0.034 
VAL-2 2000/03/31 20.7 8  1000 1.6 0.167 
VAL-2 2000/05/16 9.7 6.8  400 0.36 0.033 
VAL-2 2000/06/29 22.6 5.6  > 6001 1.2 0.093 
VAL-2 2000/08/03 18.2 7.8 1.2 1700 1.6 0.079 
VAL-2 2000/08/29 6.03 4.3 2.4 640K 0.64 0.034 
VAL-2 2000/10/05 5.2 4.7 0.9 150 0.57 0.058 
VAL-2 2000/11/15 8.73 9.9 0.9 16000K 1.9 0.085 
VAL-2 2000/12/13 7.84 11 0.8 720 1.4 0.05 
VAL-2 2001/01/25 13.98 9.3  80K 3 0.057 
VAL-2 2001/02/09 374 6.1   2.9 0.421 

Note: shaded areas indicate sample was collected during a rain event.    E = non-ideal colony count     K=estimated value 
 

As you travel downstream from the headwaters of Upper Valley Creek to Lower Valley 
Creek, water quality appears to be improving.  As shown in the following Tables 4-2 & 4-
3, samples collected at stations VAL-3, VA1 and VC-5 show improvement in dissolved 
oxygen, fecal coliform, and biochemical oxygen demand (BOD) concentrations as 
compared to Stations VAL-1 and VAL-2.  Some of the improvement is most likely due to 
dilution effects as base flow increases due to the addition of incremental flow between 
the upper and lower sampling stations. 
 
Table 4-2: Selected USGS Water Quality Data, 2000-2001. 
 
Station 

ID 
Date 

(yy/mm/dd) 
Flow 
(cfs) 

DO 
(mg/L) 

BOD 
(mg/L) 

Fecal 
Coliform 

(col/100 ml) 

Total 
Nitrogen 

(mg/l) 

Total 
Phosphorus 

(mg/l) 
VAL-3 00/02/29 27.3 10.07  72K 1.2 0.025 
VAL-3 00/03/29 42 10.4  120 1.5 0.021 
VAL-3 00/06/28 14.7 7  330 1.3 0.056 
VAL-3 00/08/03 32.9 7.2 1 1400 1.2 0.087 
VAL-3 00/08/31 11.7 11.1 8.6 71K 0.6 0.028 
VAL-3 00/10/02 12.3 10.2 0.5 40K 0.41 0.021 
VAL-3 00/11/09 240 6.5  16000 1.2 0.117 
VAL-3 00/12/13 13.67 13.9 0.7 75 0.96 0.018 
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Station 
ID 

Date 
(yy/mm/dd) 

Flow 
(cfs) 

DO 
(mg/L) 

BOD 
(mg/L) 

Fecal 
Coliform 

(col/100 ml) 

Total 
Nitrogen 

(mg/l) 

Total 
Phosphorus 

(mg/l) 
VAL-3 01/01/25 33 11.1  10K 2.2 0.027 
VAL-3 01/02/13 960 10.1 8.4 4700 1.2 0.203 

Note: shaded areas indicate sample was collected during a rain event.    E = non-ideal colony count     K=estimated value 
 

Station VAL-3 indicates that sanitary sewer overflows during rain events are a likely 
cause of elevated fecal coliform levels.  During the 2000-2001 winter season USGS 
collected two fecal coliform samples during wet weather conditions.  At the time 
samples were collected, stream flows were recorded at 240 cfs and 960 cfs and fecal 
coliform concentrations of 16,000-col/100 ml and 4700-col/100 ml, respectively.  These 
are high pathogen concentrations considering the large volume of water in the stream.  
However, high fecal coliform levels during low flow conditions indicate that leaking 
sewers and/or septic tanks coupled with a shallow groundwater table may be the 
primary cause of elevated pathogen levels in the upper reaches of the watershed.  The 
shallow groundwater table is not unexpected due to the proximity of Red Mountain, 
which comprises the southeastern portion of the Upper Valley Creek subwatershed. 
 
Table 4-3: Selected ADEM Trend Station Data, 1997-2001. 
 
Station 

Number 
Date 

(yy/mm/dd) 
Dissolved 

Oxygen 
(mg/l) 

T-PO4 
(mg/l) 

NO2/NO3 
(mg/l) 

BOD-5 
(mg/l) 

NH3 
(mg/l) 

Fecal 
Coliform 

(col/100 ml) 

VC-5 97/06/05 6.33 0.151 1.753 1.9 0.148 3600 
VC-5 97/08/14 6.97 0.089 0.519 1.9 0.005 340 
VC-5 97/11/19 10.20 0.095 1.069 1.5 0.005  
VC-5 98/08/19 6.25 0.084 0.774 1.1 0.005 164 
VC-5 98/10/14 7.15 0.005 0.649 0.5 0.005 114 
VC-5 99/06/02 5.82  0.624 0.1  240 
VC-5 99/08/04 6.12 0.029 0.5644 0.3  124 
VC-5 99/10/13 6.73 0.043 0.052 1.5 0.878 240 
VC-5 00/06/07 7.00 0.004 0.015 0.7 1.15 370 
VC-5 00/08/09 7.50 0.018 0.551 0.6 0.015 310 
VC-5 00/10/11 9.40 0.005 0.68 0.8 0.015 124 
VC-5 01/06/06 7.25 0.07 0.221 1 0.015 270 
VC-5 01/08/08 5.88 0.02 0.73 0.4 0.26 760 

VA1 97/01/22 5.00 0.141 2.846 1.2  116 
VA1 97/03/19 7.00 0.107 2.821 2.1  58 
VA1 97/04/23 5.70 0.107 4.061 1.7  148 
VA1 97/05/14 8.80 0.457 6.163 1.1   
VA1 97/06/04 6.50 0.278 3.022 0.8  500 
VA1 97/08/14 7.55 0.443 6.518 0.9 0.102 350 
VA1 97/11/19 8.30 0.474 6.237 1.4 0.123  
VA1 98/08/19 6.15 0.302 3.957 1.1 0.005 108 
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Station 
Number 

Date 
(yy/mm/dd) 

Dissolved 
Oxygen 
(mg/l) 

T-PO4 
(mg/l) 

NO2/NO3 
(mg/l) 

BOD-5 
(mg/l) 

NH3 
(mg/l) 

Fecal 
Coliform 

(col/100 ml) 

VA1 98/10/14 7.24 0.409 5.382 0.6 0.005 27 
VA1 99/06/02 5.80 0.115 2.009 0.2  184 
VA1 99/08/04 5.58 0.478 5.2564 0.9 0.055 63 
VA1 99/10/13 6.30 0.249 0.107 2 2.166 240 
VA1 00/06/07 6.20 0.45 0.015 0.9 2.838 188 
VA1 00/08/09 7.50 0.446 5.146 0.9 0.015 164 
VA1 00/10/11 6.40 0.602 0.618 1.5 0.3 44 
VA1 01/06/06 6.68 0.37 3.98 1.2 0.015 176 
VA1 01/08/08 6.57 0.15 1.59 0.3 0.2 500 

 
In summary, the primary chemical characteristics preventing Upper Valley Creek from 
attaining ADEM’s Fish and Wildlife use classification are dissolved oxygen and fecal 
coliform.  Data collected by USGS, EPA and ADEM during the past several years 
validate the differences in water quality between Upper and Lower Valley Creek.  The 
Department believes the fundamental reason for the degraded water quality in Upper 
Valley Creek is the widespread and intense urbanization of its watershed.  These impacts 
are a result of primarily non-point sources of pollution, such as urban runoff and 
sanitary sewer overflows/leaks, which typically accompany older metropolitan areas 
such as Birmingham. 
 
Jefferson County, the operator of the regional collection and treatment systems, is in the 
sixth year of a scheduled activities included in a Consent Agreement with the U.S. EPA. 
Mitigation efforts by Jefferson County include rehabilitation of the sewer collection 
system and installation of additional treatment facilities for wet weather flows at the 
Village Creek and Valley Creek WWTP’s, as well as other WWTP’s in the Birmingham 
Metropolitan area.  The overflows from the system are currently a significant source of 
nutrients and other pollutants to receiving streams in the watershed, including Village 
Creek.  Also, the City of Birmingham is currently conducting a flood water control study 
with the U.S. Corps of Engineers and the U.S. Geological Survey.  This study should be 
completed by December 2002.  The aforementioned mitigation activities should result 
in improved management of water quality and quantity of the Village Creek watershed.  
 
5.0 Biological Characteristics of Valley Creek 
 
In 1989, the U.S. EPA conducted a comparative study of Village, Valley, Opossum, and 
Fivemile Creeks.  As a result of the study, EPA reported that Opossum Creek, a tributary 
to Upper Valley Creek, appeared to be the most-stressed of the systems examined.  Poor 
habitat and deposits of tar-like substances were the key factors limiting aquatic life. 
Short-term toxicity tests using the fathead minnow revealed growth impairment at one 
station on Opossum Creek.  The 1989 toxicity tests also revealed significant mortality to 
the Daphnid on two of the five stations within Valley Creek. 
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In 1997, a U.S. EPA biological survey of Valley Creek documented significantly degraded 
habitat at two of the three sampling stations in Upper Valley Creek with habitat scores of 
66 and 64 versus 125 in the reference F&W stream.  In addition, there were limited 
pollution sensitive species present in the upper two sampling stations as evidenced by 
the EPT index scores of 0 and 1.  Fewer species of fish were also reported in the upper 
watershed versus the lower.  EPA biologists recommended not upgrading the segment to 
F&W unless significant enhancements could be made to improve the stream habitat and 
remove the sources of excess nutrients.  Results of the study revealed that Opossum 
Creek, scored the lowest, with a 0 EPT index, in comparison to the reference F&W 
stream, which scored a 3.  
 
In 1999-2000, USGS collected benthic macroinvertebrate data at two locations within 
Upper Valley Creek.  As shown in the following Table 5-1, evaluation of the 
macroinvertebrate data collected indicate poor results in both EPT Family Richness and 
Total Taxa Richness at stations VAL-1 and VAL-2, compared to the reference F&W 
stream.  USGS Station VAL-1 had the worst macroinvertebrate scores with EPT Family 
Richness = 0 and Total Taxa Richness = 10. The USGS Station VAL-2, downstream of 
VAL-1, also had degraded benthic macroinvertebrates, with EPT Family Richness = 2 
and Total Taxa Richness = 24.  The low scores reported at these stations are not 
unexpected due to the degraded physical and chemical characteristics as discussed in 
previous sections.  The recent biological data collected for Upper Valley demonstrate the 
significant improvements that will be necessary to improve stream habitat and water 
quality to achieve the Fish and Wildlife use classification.  The chronic aquatic life 
protections required under Limited Warmwater Fishery, even though less restrictive 
than F&W requirements, will be difficult to achieve.  However, the Department believes 
with continued remediation efforts by Jefferson County and the City of Birmingham to 
improve stream habitat and water quality, the LWF classification is attainable for the 
subject segment of Valley Creek. 
 
Table 5-1: Birmingham Watershed Project, USGS Benthic Macroinvertebrate 

Data, 2000-2001  
 
Station ID Station Location EPT Family 

Richness 
Total Taxa 
Richness 

VAL-1 Valley Creek at 5th Ave and 7th Street 0 10 
VAL-2 Valley Creek at Cleburne Avenue 2 24 

Reference Five Mile Creek at Nevel Road 8 38 

 
 
 
6.0 Point Source Analysis & Water Quality Modeling of Valley 

Creek WWTP, USX Fairfield, and Koppers Organics 
 
A total of three point sources operating under NPDES permits are located within the 
Valley Creek watershed.  Of the three, two are major industrial discharges located on 
Opossum Creek, namely USX Fairfield Works and Koppers Organics. Valley Creek 
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WWTP is the third discharge and is located on Valley Creek approximately 1.4 miles 
upstream of the Fivemile Creek confluence.  Valley Creek WWTP is considered a major 
municipal facility and is owned and operated by Jefferson County.  Refer to Attachment 
1, Figure 1 for the location of these point sources.   
 
Water quality modeling was conducted for the above mentioned point sources to predict 
effluent limits that would be required for the various use classifications, namely, A&I, 
LWF, and F&W.  The study reach for the model extends from just above the USX outfall 
on Opossum Creek to Bankhead Lake of the Black Warrior River.  Results of the water 
quality modeling indicate that the Limited Warmwater Fishery classification is 
achievable.  According to the modeling results, Valley Creek WWTP would receive the 
most stringent effluent limits as a result of the use classification upgrade of Valley 
Creek.  However, USX Fairfield Works and Koppers Organics would also receive some 
permit modifications as a result of the upgrade due to their close proximity to Valley 
Creek.  These changes would primarily result in each facility being required to conduct 
chronic toxicity biomonitoring at 7Q2 flow conditions.  USX would also receive a slightly 
more stringent BOD limit during the winter season.  Water quality modeling shows the 
dissolved oxygen sag below the USX and Koppers outfalls to be occurring in the 
proposed LWF segment of Valley Creek, therefore the CBOD limit (winter only) for USX 
was adjusted slightly to meet the dissolved oxygen concentration of 5 mg/l during the 
winter season.  See Attachment 4 for the current and predicted effluent limits of USX, 
Koppers, & Valley Creek WWTP.  Refer to Attachment 5 for the schematic diagrams and 
model runs supporting the predicted limits. 
 
The current design capacity of the Valley Creek WWTP is 65 million gallons per day 
(MGD), however they were recently authorized by the Department to expand their 
capacity to 85 MGD.  The treatment system consists of mechanical screening, aerated 
grit removal, pre-aeration and primary clarification.  Biological treatment follows with 
two stages of aeration and clarification.  Effluent is metered, chlorinated and 
dechlorinated prior to discharge.  Biosolids are treated in the anaerobic digesters prior 
to being dewatered by filter belt presses and/or drying beds.  Dried biosolids are 
blended with lime and then applied at the County’s beneficial land use site.  According 
to Valley Creek WWTP’s discharge monitoring reports (DMRs) the plant is operating at 
very efficient levels and providing a high degree of treatment.  For the period January 
1998 through June 2001 the facility had an average wasteflow of 42.3 MGD, and average 
effluent carbonaceous biochemical oxygen demand-5 day test (CBOD5), ammonia 
nitrogen (NH3-N) and dissolved oxygen (DO) values of 2.0, 0.2 and 7.2 mg/l, 
respectively (See Attachment 3).   
 
The facility’s current treatment performance, demonstrates their capability to meet the 
effluent limits necessary to achieve the water quality criteria required for the Limited 
Warmwater Fishery classification.  The Valley Creek WWTP will be required to conduct 
chronic toxicity test based on a 7Q10 flow (F&W requirement) instead of the 7Q2 flow 
usually required for LWF classified waters.  The more stringent chronic toxicity 
biomonitoring is required due to the close proximity (i.e. within 24-hour travel time) of 
the WWTP’s outfall to the downstream F&W segment of Valley Creek.  Table 6-1 that 
follows provides the current and predicted effluent limits for the Valley Creek WWTP.  



13 

Table 6-1: Current and Predicted Effluent Limits for Valley Creek WWTP, 
Water Quality Modeling, ADEM 2001. 

 

2001 Modeling Results @ 85 MGD 
        
 Current Predicted Predicted 
 A&I Limits LWF Limits  F&W Limits 
 

Parameter Summer Winter Summer Winter Summer Winter 
CBOD5 (mg/l) 8 14 8 8 4 8  
NH3-N (mg/l) 1 2 1 1 0.5 1 
TKN (mg/l) 3 5 3 3 2.5 3 
DO (mg/l) 5 5 5 6 6 6 
              

 
7.0   Conclusion 
 
Results of the use attainability analysis indicate the following applicable factors as 
defined by EPA are preventing the LWF segment of Valley Creek from attaining ADEM’s 
Fish and Wildlife use classification. 

 

¾ Human caused conditions or sources of pollution prevent the attainment of the use and 
cannot be remedied or would cause more environmental damage to correct than to 
leave in place; or 
 

¾ Physical conditions related to the natural features of the water body, such as the lack of 
a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water 
quality, preclude the attainment of aquatic life protection uses; or 

 
The use classification upgrade of Upper Valley Creek from Agricultural and Industrial 
Water Supply (A&I) to Limited Warmwater Fishery (LWF) will provide the necessary 
criteria to protect existing uses within the stream.  The Department believes the LWF 
classification is appropriate because it adequately characterizes the water quality 
conditions that are reasonably attainable for this waterbody.   
 
No currently available information exists that suggests that the F&W use classification is 
attainable.  Data presented in this document demonstrate nutrient enrichment and 
highly elevated bacteria levels from monitoring locations in upper Valley Creek, both 
upstream and downstream of permitted discharges.  In general, water quality 
corresponds to land use patterns in the upper and lower portions of Valley Creek.  
Nutrient concentrations (nitrogen and phosphorus) are particularly high in monitoring 
locations upstream of permitted discharges in upper Valley Creek.  Excess nutrients, 
combined with shallow depth, high water table, and increased light and heat penetration 
from lack of shading produce dense periphytic algae and microbial communities whose 
photosynthesis and respiration result in dissolved oxygen concentrations that frequently 
fall below criteria levels for F&W.  
 
In the proposed LWF segment, bacteria levels are consistently elevated above those 
required for primary contact recreation, as provided in the F&W use classification 
during June-September.  The pattern illustrated by the data from Valley Creek show 
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variable levels at monitoring locations at various points along Valley Creek similar to the 
variable pattern exhibited by data from nearby Village Creek.  The analysis presented in 
Attachment 6 demonstrates the correspondence of bacteria levels with the pattern of 
precipitation in Village Creek, a pattern that indicates a strong relationship to nonpoint 
sources.  
 
Leaking sewer lines, domestic animal and wildlife populations, and leaking septic tanks 
are nonpoint sources of both nutrients and bacteria to Valley Creek.  Sewer overflows 
are also a source of both nutrients and bacteria to Valley Creek that is driven by 
precipitation.  The Valley Creek WWTP currently achieves an extremely high level of 
treatment.  Jefferson County is estimated to expend $800 million to resolve sewer 
overflows and replace leaking sewer lines.  It is anticipated that this substantial capital 
investment will improve water quality.   
 
It is not currently possible to determine the percent contribution from the known 
categories of nonpoint sources, nor is it possible to project the degree of success in terms 
of measurable water quality improvements that will result from ongoing efforts to 
resolve sewer overflows and replace leaking sewer lines.  The available information 
suggests that the magnitude of nutrient and bacteria levels, the variety of sources, and 
the physical characteristics of the waterbody indicate that the F&W use classification is 
not attainable, and the highest attainable use is LWF.  Therefore, F&W is not designated 
at this time as a result of a combination of human-caused conditions (that may not be 
feasible to fully remedy) and natural physical conditions of the watershed unrelated to 
water quality (e.g., high water table).  However, as new information becomes available 
that pertains to attainability of the F&W use classification, it will be considered and 
water quality standards revised accordingly.   
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Valley Creek Sampling Stations & Water Quality Data 
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Table 2-3: Birmingham Watershed Project, USGS Water Quality Data, 2000-2001. 
 
Station 

ID 
Date 

(yy/mm/dd) 
Water 
Temp 

(C) 

Flow 
(cfs) 

pH 
(s.u.) 

Cond. 
(umhos 
@25C) 

TOC 
(mg/L) 

DO 
(mg/L) 

BOD 
(mg/L) 

Fecal 
Coliform 

(col/100 ml) 

Total 
Nitrogen 

(mg/l) 

Total 
Phosphorous 

(mg/l) 
VAL-1 2000.03.01 17.8 1.83 8.053 473 4.124 8.2  3700 2.2 0.096 
VAL-1 2000.03.31 19.03 1.77 7.764 674 5.352 7.12  22000 2.8 0.158 
VAL-1 2000.06.29 24.6 33.4 7.425 175 16.561 5.1  > 33001 2 0.166 
VAL-1 2000.08.02 25.1 2.25 7.883 415 27.07 5.3 4.9 64000K 2.3 0.252 
VAL-1 2000.08.31 24.3 1.12 7.878 421 3.448 5 4.8 4000 2.5 0.244 
VAL-1 2000.10.03 21.8 1.12 7.817 396 3.644 3.3 1.7 2100 2.2 0.269 
VAL-1 2000.11.09 21.2 37 7.845 135 5.88 8.2  85000K 1.4 0.123 
VAL-1 2000.12.12 14 1.64 7.576 415 7.048 4.2 4.8 44000E 2.6 0.162 
VAL-1 2001.01.23 13.3 2.49 7.97 498 4.236 7.8 2.4 3800 2.8 0.236 
VAL-1 2001.02.12 10.9 120 7.77 77.7 8.211 10.4 4.4 5900 0.77 0.136 

            
VAL-2 2000.02.29 18.9 13 8.497 510 2.207 13.1  41K 1.4 0.034 
VAL-2 2000.03.31 15.4 20.7 7.932 459 2.398 8  1000 1.6 0.167 
VAL-2 2000.05.16 18.9 9.7 8.08 509  6.8  400 0.36 0.033 
VAL-2 2000.06.29 26.6 22.6 7.155 266 6.979 5.6  > 6001 1.2 0.093 
VAL-2 2000.08.03 28.6 18.2 7.918 422 3.136 7.8 1.2 1700 1.6 0.079 
VAL-2 2000.08.29 30 6.03 8.357 416 4.55 4.3 2.4 640K 0.64 0.034 
VAL-2 2000.10.05 19.8 5.2 7.905 402 2.705 4.7 0.9 150 0.57 0.058 
VAL-2 2000.11.15 8.8 8.73 7.813 548 2.893 9.9 0.9 16000K 1.9 0.085 
VAL-2 2000.12.13 5.5 7.84 7.985 485 3.394 11 0.8 720 1.4 0.05 
VAL-2 2001.01.25 7.3 13.98 7.9 518 2.816 9.3  80K 3 0.057 
VAL-2 2001.02.09 15 374 7.37 145 29.161 6.1   2.9 0.421 

            
VAL-3 2000.02.29 13.2 27.3 7.935 431 5.173 10.07  72K 1.2 0.025 
VAL-3 2000.03.29 15.2 42 8.179 452 1.935 10.4  120 1.5 0.021 
VAL-3 2000.06.28 26 14.7 7.878 349 3.309 7  330 1.3 0.056 
VAL-3 2000.08.03 24.1 32.9 7.653 279 5.415 7.2 1 1400 1.2 0.087 
VAL-3 2000.08.31 27.9 11.7 7.828 384 2.634 11.1 8.6 71K 0.6 0.028 
VAL-3 2000.10.02 21.7 12.3 8.137 354 2.751 10.2 0.5 40K 0.41 0.021 
VAL-3 2000.11.09 21 240 7.738 168 5.454 6.5  16000 1.2 0.117 
VAL-3 2000.12.13 7 13.67 8.209 461 2.34 13.9 0.7 75 0.96 0.018 
VAL-3 2001.01.25 9.8 33 8.07 503 2.805 11.1  10K 2.2 0.027 
VAL-3 2001.02.13 10.1 960 7.63 110 9.644 10.1 8.4 4700 1.2 0.203 



 

Table 2-4: ADEM Trend Station Data, 1997-2001. 
 

Station 
ID 

Date 
(yy/mm/dd) 

Air  
Temp 

(C) 

Water 
Temp 

(C) 

pH 
(su) 

Cond. 
(umhos 
@25C) 

Dissolved 
Oxygen 
(mg/l) 

Turb. 
(NTU) 

Weather Velocity 
TDS 

(mg/l) 
TSS 

(mg/l) 
Cl 

(mg/l) 
T-PO4 
(mg/l) 

NO2 & 
NO3 

(mg/l) 

BOD-5 
(mg/l) 

NH3 
(mg/l) 

Fecal 
Coliform 
(col/100 

ml) 

VC-5 970605 22.00 21.80 7.80 385.00 6.33 3.30   369 10 1 0.151 1.753 1.9 0.15 3600 
VC-5 970814 30.00 26.20 7.90 343.00 6.97 1.70   258 1 5 0.089 0.519 1.9 0.01 340 
VC-5 971119 14.00 11.50 7.80 388.00 10.20 1.40   309 1 1 0.095 1.069 1.5 0.01  
VC-5 980819 30.00 26.00 8.30 343.00 6.25 1.00 clear moderate 267 1 1 0.084 0.774 1.1 0.01 164 
VC-5 981014 15.00 17.90 7.90 397.00 7.15 1.00 clear moderate 277 1 1 0.005 0.649 0.5 0.01 114 
VC-5 990602 23.00 23.30 7.45 360.00 5.82 2.40 pc  234 1 1  0.624 0.1  240 
VC-5 990804 27.00 26.10 7.40 324.00 6.12 1.10 clear  258 2  0.029 0.5644 0.3  124 
VC-5 991013 20.00 20.70 7.60 397.00 6.73 1.20 cloudy  309 3 16 0.043 0.052 1.5 0.88 240 
VC-5 000607 25.00 21.00 7.40 238.00 7.00 2.70 clear moderate 219 7 4.8 0.004 0.015 0.7 1.15 370 
VC-5 000809  27.00 7.70 427.00 7.50 1.80 clear  273 3 6 0.018 0.551 0.6 0.02 310 
VC-5 001011 12.00 11.82 7.61  9.40 0.40 clear moderate 250 2 6.9 0.005 0.68 0.8 0.02 124 
VC-5 010606 25.00 22.70 7.84 385.00 7.25 4.10 cloudy moderate 257 6 7.77 0.07 0.221 1 0.02 270 
VC-5 010808 23.00 24.70 7.89 354.00 5.88 4.50 cloudy moderate 197 8 5.63 0.02 0.73 0.4 0.26 760 

                  
VA1 970122 10.00 12.00 7.40 319.00 5.00 3.90   257 1 20 0.141 2.846 1.2  116 
VA1 970319 19.00 18.40 7.50 314.00 7.00 2.20   280 1 16.7 0.107 2.821 2.1  58 
VA1 970423 12.00 14.50 7.70 384.00 5.70 2.40   300 1 29.8 0.107 4.061 1.7  148 
VA1 970514 20.00 19.40 7.80 382.00 8.80 1.60   313 1 29.9 0.457 6.163 1.1   
VA1 970604 22.00 20.70 7.50 351.00 6.50 4.90   251 5 13 0.278 3.022 0.8  500 
VA1 970814 30.00 26.20 6.70 427.00 7.55 1.60   327 4 24 0.443 6.518 0.9 0.1 350 
VA1 971119 10.10 13.60 7.30 377.00 8.30 1.20   306 1 1 0.474 6.237 1.4 0.12  
VA1 980819 30.00 26.00 7.10 346.00 6.15 1.40 clear moderate 274 1 1 0.302 3.957 1.1 0.01 108 
VA1 981014 25.00 17.30 7.70 421.00 7.24 1.00 clear moderate 304 1 1 0.409 5.382 0.6 0.01 27 
VA1 990602 24.00 24.10 7.50 379.00 5.80 2.70 pc  242  1 0.115 2.009 0.2  184 
VA1 990804 28.00 27.00 6.50 368.00 5.58 1.50 clear  291 4 39 0.478 5.2564 0.9 0.06 63 
VA1 991013 22.30 21.50 7.50 355.00 6.30 2.40 cloudy  384 10 25 0.249 0.107 2 2.17 240 
VA1 000607 26.00 22.00 6.60 314.00 6.20 2.30 clear moderate 281 6 29.1 0.45 0.015 0.9 2.84 188 
VA1 000809  27.00 7.60 482.00 7.50 1.80 clear  308 4 26 0.446 5.146 0.9 0.02 164 
VA1 001011 14.00 15.18 7.56 451.00 6.40 0.80 clear moderate 282 1 32.8 0.602 0.618 1.5 0.3 44 
VA1 010606 27.00 24.00 8.09 331.70 6.68 3.20 cloudy moderate 271 8 24.54 0.37 3.98 1.2 0.02 176 
VA1 010808 23.00 23.52 7.74 372.00 6.57 10.90 cloudy moderate 217 15 15.2 0.15 1.59 0.3 0.2 500 
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Attachment 4 
 
 

CURRENT & PREDICTED EFFLUENT LIMITS: 
JEFFERSON COUNTY-VALLEY CREEK WWTP 

USX FAIRFIELD WORKS 
KOPPERS ORGANICS 



 

Table 4-1: Jefferson County-Valley Creek WWTP Effluent Limits. 
 
 

         
 Agricultural and Industrial 
  May-November  December-April 
 Flow: 85 MGD 85 MGD 
 CBODU: 24 mg/L 33 mg/L 
 CBOD5: 8 mg/L 11 mg/L 
 NH3-N: 1 mg/L 2 mg/L 
 TKN: 3 mg/L 4 mg/L 
 D.O.: 5 mg/L 5 mg/L 

     
     

 Limited Warmwater Fishery 
  May-November December-April 
 Flow: 85 MGD 85 MGD 
 CBODU: 24 mg/L 24 mg/L 
 CBOD5: 8 mg/L 8 mg/L 
 NH3-N: 1 mg/L 1 mg/L 
 TKN: 3 mg/L 3 mg/L 
 D.O.: 5 mg/L 6 mg/L 

      
      

Fish and Wildlife  
 May-November  December-April  

Flow: 85 MGD 85 MGD  
CBODU: 12 mg/L 24 mg/L  
CBOD5: 4 mg/L 8 mg/L  
NH3-N: 0.5 mg/L 1 mg/L  

TKN: 2.5 mg/L 3 mg/L  
D.O.: 6 mg/L 6 mg/L  

       
       

Current Permit Limits  
 May-November  December-April  

Flow: 85 MGD 85 MGD  
CBODU: 24 mg/L 42 mg/L  
CBOD5:  8 mg/L 14 mg/L  
NH3-N: 1 mg/l 2 mg/L  

TKN: 3 mg/L 5 mg/L  
D.O.: 5 mg/L 5 mg/L  

 



 

Table 4-2: USX Fairfield Works Effluent Limits1. 
 
 

         
 Agricultural and Industrial 
  May-November  December-April 
 Flow: 11 MGD 11 MGD 
 CBODU: 16 mg/L 26 mg/L 
 CBOD5: 8 mg/L 13 mg/L 
 NH3-N: 1 mg/L 2 mg/L 
 TKN: 2 mg/L 4 mg/L 
 D.O.: 6 mg/L 6 mg/L 

     
     

 Limited Warmwater Fishery 
  May-November December-April 
 Flow: 11 MGD 11 MGD 
 CBODU: 16 mg/L 20 mg/L 
 CBOD5: 8 mg/L 10 mg/L 
 NH3-N: 1 mg/L 1 mg/L 
 TKN: 2 mg/L 3 mg/L 
 D.O.: 6 mg/L 6 mg/L 

      
      

Fish and Wildlife  
 May-November  December-April  

Flow: 11 MGD 11 MGD  
CBODU: 8 mg/L 20 mg/L  
CBOD5: 4 mg/L 10 mg/L  
NH3-N: 0.75 mg/L 1 mg/L  

TKN: 1.5 mg/L 3 mg/L  
D.O.: 6 mg/L 6 mg/L  

       
       

Current Permit Limits  
Flow: 11 MGD 11 MGD  

CBODU: 16 mg/L 26 mg/L  
CBOD5: 8 mg/L 13 mg/L  
NH3-N: 1 mg/L 2 mg/L  

TKN: 2 mg/L 4 mg/L  
D.O.: 6 mg/L 6 mg/l  

                                                 
1 The predicted effluent limits for USX are based solely on use classification changes to Valley Creek and leaving 
Opossum Creek at A&I.  Due to the close proximity of USX’s outfall to Upper Valley Creek, their effluent has 
influence on instream dissolved oxygen levels within Upper Valley Creek. 



 

Table 4-3: Koppers Organics Effluent Limits. 
 
 

         
 Agricultural and Industrial 
  May-November  December-April 
 Flow: 0.036 MGD 0.036 MGD 
 CBODU: 37.5 mg/L 37.5 mg/L 
 CBOD5: 15 mg/L 15 mg/L 
 NH3-N: 20 mg/L 20 mg/L 
 TKN: 50 mg/L 50 mg/L 
 D.O.: 5 mg/L 5 mg/L 

     
     

 Limited Warmwater Fishery 
  May-November December-April 
 Flow: 0.036 MGD 0.036 MGD 
 CBODU: 37.5 mg/L 37.5 mg/L 
 CBOD5: 15 mg/L 15 mg/L 
 NH3-N: 20 mg/L 20 mg/L 
 TKN: 50 mg/L 50 mg/L 
 D.O.: 5 mg/L 6 mg/L 

      
      

Fish and Wildlife  
 May-November  December-April  

Flow: 0.036 MGD 0.036 MGD  
CBODU: 27.5 mg/L 37.5 mg/L  
CBOD5: 11 mg/L 15 mg/L  
NH3-N: 20 mg/L 20 mg/L  

TKN: 50 mg/L 50 mg/L  
D.O.: 6 mg/L 6 mg/L  

       
       

Current Permit Limits  
 May-November  December-April  

CBODU: 37.5 mg/L 37.5 mg/L  
CBOD5: 15 mg/L 15 mg/L  
NH3-N: 20 mg/L 20 mg/L  

TKN: 50 mg/L 50 mg/L  
D.O.: 5 mg/L 5 mg/L  
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Water Quality Modeling Results 





Valley Creek Use Attainability Analysis
Schematic of Modeled Reach
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Modeled Stream Reach (continued)
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Opossum Creek / Valley Creek Waste Load Allocation
May ... November / A&I Classification

Lower Valley Creek

I 1.~XWW~
• I

2. Koppers Organic:!
3. Valley CreekWW~

Confiuence ofVaUey
Creek & Blue Creek

3

3.50 I II I " ,~ I

7.00

6.50 I \

6.00 '1 \

~

~r ~~ 5.50 I \1 I I
El
5 ~
~ 5.00 .. . ..

o
"2 4.50 * 2 1\1 I I I

oS
W)

~ 4.00 ItI1 , I I ~

3.00 -¥.......... ... a •••• e ••• a ••••••••••••••••••••••••••••••

Upper Valley Creek

45.0040.0035.0030.0025.0020.0015.0010.005.00

2.50~r I I I I I I I I ", I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

0.00

Opossum Creek Distance Downstream of USX, miles
."".... ".. DO Water Quality Criteria



Velley Creell WWTP
OpossumNell.y Cree/(, Jefferson County

Ware, QualifY
Steady-State Stream Model

Mey • Nov.mb&r Model
A end I Use Classification

U,Ie Goal See/l

nnlng 018eellon • 0.00
tor Qualily Feelo, • 1.80
r Dam CoeHlelent • 0.1
n Water tavel (II). 1.00

DsmDstB

Ived Oxygen Concentration (mgll) (Opossum Creek)_~.10

Minimum Dissolved Oxygen Concentration (mgll) (Upper Valley Creek) - 3.20
Minimum Dissolved Oxygen Concentration (mg/l) (Lower Valley Creek) • 5.07

CBODu Concentration at End of Modeled Reach (mgll) - 2.44

Opo..um CrHlIl Vafley Creell WIN" Loed Al/olU/tion • Summer WLA I AI' ctu,lfJc.tlon
Velev Cree\( WWTP Elftuenl CoM'OIlS

Dellgn Flow. MOO CBOD•• rng.1 NHrN. rng.1 TKN, rng.1 0.0, (m1n1nun). rng.1
M.OO 8.0 1.0 3.0 l5.O

80,000 Dam Located at Seg
80.000 Tr1butery (efa) Wa
O. 0.38 Wla
30.000 !.eO DIlference

, 0.28
072

t!j 0,85 Slreamllow
2.000 1.48

0.487 238

Headwator Flow (cfe) "
CBODU(mgll) •

NH.ODU (mgll) •

TONODU (mgll)-~

Headwaler D.O· lm..., -I ~.~O

HMdWster Da"
Receaelon Index (0'"

Me.n Annual Proc. (P) "
DralnaQ. Are. (M"2) "

Temple')"
CHL

Enter the Number of Sections -~
Total Length (mUes)- ~

Enter , {If none. I- 'AA.

S P TONODU CBODU NH30DU DO 7Q u T.mp. Drslnage

Section. {mt11J {mwlJ {m(lf/J {m(lf/J (cl'l) (C") Area tM~2l

1.00 0.000 0.00 0.00 0.00

2.00 0.000 0.00 0.00 0.00
3.00 0.000 0.00 0.00 0.00
~.OO 0.000 V.' V.OO 0.00
8.00 0.000 O. 0.00 0.00
8.00 4.81 2.00 0.41110 8.000 1.5 3V.00 0.00
',00 0.000 0.. 0.00 0,00

8.00 4.87 2.00 0.4870 8.000 0.2 30.00 0.00
9,00 91.40 3 '.80 45.7000 3.000 0.00 30.00 0.00

10.00 0.000 0.00 0.00 0,00
11.00 ~,81 2.00 0.4870 8.000 0, 2 30.00 0.00
12.00 0.000 0.00 0.00 0.00
13.00 0.000 0.00 0.00 1.00
14.00 0.000 0.00 0.00 0,00
18.00 4.87 2,00 0,4870 8.000 0.18 30.00 0.00
18.00 0,000 0.00 0,00 0.00
17,00 88,000 88.00 4.87 2.00 0.4870 8.000 0.81 30,00 lUO
18.00 0.000 0.00 0.00 0.00
19.00 88.000 88,00 4.87 2,00 0.4870 8.000 1.48 30.00 32.70
20.00 0.000 0.00 0.00 0.00
2t.00 88.000 88,00 4.87 2.00 0.4870 8,000 2.38 30.00 81.20
22.00 0.000 0.00 0.00 0.00_.

, Introw ,11f none. leave blenlll

CBODU NH30DU TONODU DO Flow Temp. Q10 Dralnlge Aru

SecUon. (miWn fmwn Imwn Imwn Icl'lJ feC) Icl'lJ Im/~2l

1,00 3.000 0.4' 4.8 B.OO 0.0097 30.000 0,00
2.00 II 2,000 0.48 4.07 8.00 0.00 T ~.OOO 0,00
3.00 2. 0,8 4.07 8,00 0.01 18 ~,vvu 0.00
~,OO 2, v.' U 8.00 0.147 0.000 0.00
5.00 0.4 4.111 8.00 0,0 8 1.000 0.00
8.00 ,0 0,8 4.117 11.00 0.283 0.000 0.00

,00 O. 4.11 &.00 0,008 ;0.000 0.00
9.00 2.000 0.48 4.87 &.00 0.1 at .000 0.00
8,00 2.000 0.4' 4.07 8.00 0,1018 30.000 0.00
10.00 2.000 0,48 U 8.00 0.0710 30.000 0,00
11.00 2.000 0.48 4.57 8.00 0,0178 30.000 0,00
12.00 2,000 0.48 U7 8.00 0.0414 30.000 0.00
13.00 2.000 0.48 4.07 8.00 0.8108 311,000 0.00
14.00 i= 0.48 4.&7 5.00 0.2033 30.000 0.00
~ ...8 4.li 8.VO V.2828 30.000 000
mo 2, 0.48 4.17 1.00 V.l4311 0,000 0,00
17.00 2,000 0.48 4.57 8.00 0.8500 ~.OOO 0,00
18.00 2.000 0.48 4.07 8.00 0.01137 30.000 0.00

.- 19.00 2.000 0.48 4.67 5.00 0.7700 ~;OOO 0.00
20,00 2.000 0.4' 4.111 '.00 0.2847 ~.OOO 0.00--
2.00 2,000 V.4' 4.11 8.00 0.1411 3V.000 0,00
22,00 8.43 OOסס.0 30.000 0.00

Prepared bV A O.E.M
W26f200t OpoltlJ1\" Veley CllI6\( WLA(S\mn6!·lWF). Nov 2001 VAAJOa Pege 1of 14



V."ey Creek WWTP
0Pr»IsumN."ey Creek, Jefferson County

Water QualifV
Steady-Sta,. Stream Model

Mey • November Mod.'
A and I Use Classlfloatlon

Enter Effluent C : Illi one. ... _I.,
eBODU NH30DU TONODU DO Flow Temp. pH Male.ln./ream NH3 NH3 Toxicity NHJWQLlmlf

Sec lion. ("""'I (maIII (maIII ("""'I (c,.1 I·C) (monl (monl (manl

1.00 1MOO 4.51 4.51 8.00 11.0110 30.000 1.00 3.08 3.15 1.00

f----- Hg -----. 3UOO 81.40 131.10 5.00 0.0551 30.000 0.00
0.00 0.00 0.00

--~. 0.00 0.00 0.00
f-------. 5.00 0.00 0.00 0.00

8.00 O.UU 0.00 0.00
1.00 0.00 0.00 0.00
8.00 0.00 0.00 0.00
8.00 24.000 4. 8.14 &,00 131.5000 30.000 1.00 3.08 3.54 _1.00
10.00 O. 0.00 fI ./ 0.00

1.00 O. 0.00 j' 0.00
---- 12.00 o. 0.00 I ./ 0.00

13.00 O. 0.00 ./ 0.00
4.00 O. 0.00 ./ 0.00

1 '.00 O. 0.00 0.00
.00 o. 0.00 Th. mo-r .trl"fl.nt 01 the 0.00

1.00 O. 0.00 two valu.. wiN b. 0.00
1 .00 0.00 0.00 Implemented .. tile 0.00
18.00 0.00 0.00

dI.ch"". "mit. 0.00
20.00 0.00 0.00 r7' 0.00
21.00 0.00 0.00 O.W

'---. 22.0 0.00 0.00 0.00

Enter Section Characteristics (If none. leave blank)
S"fllnning Ending filev.Cliiiiije- Lenglh' - AVer.1g8 - Secllon - Ave"g. Flow AVlHllg8

Secllon. filev,lffi filev. iiI) (ffl mile.I Elev. iill Slooe (tlhnll 'c,;i Vel: itll.ocl
I ~ __ 8'.000 4 1.00 '.00 14700 484.0000 11.021 11.38 0.304

2.00 4 . .00 10.00 485.0000 21.2 1 1 .45 0-:3Oi
3.00 .. 5.00 . 417.8000 8.804 17.4. 0.305
4.06 4 . 8 . 20.00 . 485.0000 18.801 11.&6 0.305
8.00 8 . 4 . 3.00 . 453.1iooO U 8 7.84 n. 08
8.06 .. 11.00 .1800 443.8000 V.487 lUll 0.3D.1
7.06 ~3 . .J . .JM. ~ .J.32.8000 8.828 .1!-88 0.308
8.00 'T'430.ooo·I-U2.00--.-----8.00 I m'o:noo-l~8.0000·1 ,:f83I-m

- 20.00' l----------o:lfO
0.00 -1422:~-r-.20.OO"'T------UO~ 0.'100 1 42t.OOOO 1-2.4881--------mA3 I 0.488
10.00 I 420.000'1-412.00 I 8.00 T 0.8300 '--1418.0000 I lUKl------m:t2 '-0:488
n:oo-- 12.000 411. 1.00-- O.~ 411.5000 7.143 152.48 - ----0:480
12.00 1.000 410. .00 0.3300 10.8000 3.030 182.81 0.481
3.00 10.000 380. 30.00 4.3800 95.0000 8.834 152.78 0.481

14.00 10.000 382. 18.00 2.D.lOO 71.0000 8.824 153.15 0.881
5.00 2.000 331. 31.00 3.0500 UOOO 0.184 154.23 0.884

18.00 33 :.000 18. 13.00 1.8700 24.5000 .184 184.43 0.895
11.00 3 8.000 88. 20.00 8.2500 308-0000 3.185 15U1 0.888
18.00 2".000 84. 3.70 0mJ,"700 288.1500 4.253 185.88 0.700
18.00 2.4.300. . 34.30 •. 271i.18 4.288 187.r8 0.708
20.00 280.000 58. 1.30 2. 251.3 0.473 'lIB.3D 0.140
21.00 2.8.700 25e.00 3.70 7.8100 288.8 0,470 1'1.10 O. 45
22.00 O. 0.000 0.00 0.00

Proparedby A.D.E.M
tlI'2ll12OO1 Opott\rn & Veley Creell WlA (StIM'M-LWF). Nov 2001 UMJ4t Pege2o' 14



Valley Creek WWTP
Opo,sumNaI'ey Creek, Jeff&rson County

Wat.r Qualftv
Steady-Stat. Stream Mode'

May· November Model
A and I Us. Ola..,ncatlon

Rfllctlon Rat.. dI 20· C Conw'ed Rate. (ftl New Temp.
Section. Hd KNH3 HON T. CoemC'tn, Reler.tIon Kd KNH3 KON Ave. Reaemllon MlKed Temp.(· C)

1.00 .300 O• 1.30 8.7 21 .058 3.08 1.27 8.52 30.00
2.00 .JOO 1. 0.0 .30 8.. II !.018 2.•1 1.27 lo.e8 30.00
3.00 1.300 1.8 O. 1.30 3. 818 .058 2.82 1.27 4.92 30.00
4.00 .300 O• • 0 .. 718 .011 2.18 1.l7 8.48 30.00
8.00 1.300 1.8 o. 1.30 2.788 .058 l.84 1.27 3.44 30.00
8.00 0.400 1.80 0.0 1.30 3.7 33 0.833 2.88 0.18 4.8 30.00
7.00 0.400 1.80 0.0 1.30 3.8507 0.833 3.08 0.18 4.80 30.00
•.00 0.400 1.50 0.10 1.30 3.2883 0.833 3.10 0.18 4.17 30.00
8.00 0.400 .80 0.10 0.88 1.0801 0.833 2.88 0.18 1.34 30.00
10.00 0.400 1.80 0.0 0.88 UII48 0.833 l.U 0.18 8.8' 30.00
11.00 0.400 1.80 0.10 0.88 3.0821 0.833 2.78 0.18 3.81 30.00

2.00 O. 00 1.50 0.10 0.18 1.3011 0.833 2.74 0.18 1.88 30.00
13.00 O. 0 1.10 0.10 0.88 2.8141 0.833 2.83 0.18 3.75 30.00
4.00 O. 00 1.10 0.10 0.11 8.3831 0.833 l.80 0.18 8.80 30.00

11.00 O. 00 1.10 0.10 0.88 8.2107 0.833 3.02 0.18 7.87 30.00
1 .00 0.00 1.80 0.0 0.88 4.7816 0.833 0.\8 8.04 30.00

.00 O. 00 1.80 0.10 0." 1.5800 0.833 3.11 0.18 1.88 30.00
11.00 O. 00 1.80 0.10 0.88 .3100 0.833 2.88 0.18 1.74 30.00
18.00 0.400 1.80 0.10 0.88 .3700 0.833 2.88 0.18 .74 30.00
20.00 0.300 1.80 0.10 0.88 1.400 0.475 3.00 0.18 .45 30.00
21.00 0.300 1.60 0.10 0.88 1.1400 0.478 3.01 0.18 1.45 30.00
22.00 0.000 0.00 0.00 0.00 OOסס.0 0.000 0.00 0.00 0.00 0.00

Prepared by A.O.EM
11/2612001 Opotlun & ValfJy Creek Wl.A (S!.rnmef·lWl'). Nov 2001 UAAlds Paeo301 \4



Valley Creek WWTP
Op05sumNalley Creek, Jefferson County

Wa'" QualifY
Steady-State Stream Model

Mey - November Model
A end I Use Classification

Model Output
Searlon ., I Flow I$fI(;flon Time ICumulative Time I Of Oe/lclt I 00 I HH300U I caoou I TONOOU

Distance (mlt.s) lets) fdav) ldavJ (maAJ (II1/II11 (IIIIIAJ (III/II1J (mall)
0.000- -~ 17.317 I 0.00 I 0.00 -----r----a03Y--l-I.OOOO --1 u4~r-------f[ff-------'---W

0.024 --I 17.377 1 0.00 I 0.00-, 1.$810- r-um -I--~---,r,u----. .04
0.041 --I 17.378 I 0.01 I 0.01 [ 1.7100----.- •.ml'-4.4{Of lUI 1---02
0.071 UU, 1f.3f8l---0:01- I 0.01-. --1.8512 -- 1 u_ 8n~4--T-Ufrlu---,r2t----. - - 4040
MM- - 1 17.378 I 6.62 I 0.62 I 1.9140 1 5,4187 I 4.331 I 15.11 I 4041
0.111-- ----------r1'f.fl9l 0.02 I 0.02 I --Z:ffl4~U'23--1 --4.300 1 -ii.M---r------rOW
0.141- ---r 17.380 I 0.03 I 0.03 I 2.2310 I 11.1727,-".284 I 102 I-----Ul
0.1"-- -----r- it.3" 1 0.03 I 0.03 I 2.3440 1 ll.OlItf 1-".2211 l ....t 1---..:3.
0.188 -I 11.3811 o.o;t- '--O:or--r--z.4008-- ,--- 0.31' '-1 4.183- I -'4.113 -. 4.38
0.212 '- -----T 17.381 T 0.04 1 0.04 I 2,5512 ~4:8525I-mrT----;U'-------'----.:33

I O.235 ~+, Inll ~ 0:011 - 1- -0.0'----1 '--n480 \- UJ1t -l u4.12A-r 1''-2& -1 '00
0.250 1 . 0.65 6.05 2.7362 d ..tl •.6i6 4.11 Hi

L, O.m----- - 17. 83 0.08 0.08 2.81111 4.D1I48 UN 13.88 4.25
I -'-------036i'-- 17. 83 O. 0.08 2.8&78 4.1058 4.023 13.84 4.23

0.328 n.84 0.0 0.0 2,8718 4.431. u80 13.71 4020
0.353 17.384 O. 0.07 i' ..._ 3.1151 lU7 4.18
0.378 1 . IBD o.~ 0.08 3.1 1.2818 3.825 13.4.. 4.15
0.400 .3BD O. 0.08 .. 1.23 2 3.8112 3.31 ".13
0.423 1 .388 0.0' 0.0' 3.: u_ 3.Hl IU. ".10
0.44 17.388 0.0' 0.0' 3.: 4.12B2 3.828 13,OD 4.01
0."10 1 .317 0.08 0.0' 3.: 4.07'" 3.788 12.t3 4.0'

Set:Uon :l
,- 15II_~if?ii!f---

0.4
.48

0.82 UI 11.443'1 o:or -1--0.10 I 3.3481 14:Oi12 I 4.024 I 12.T1I ----.-- -03
O.M' ~17.444 l--o:of' {---O:~ 303521 '1 0'3'1 I \.tt'l \ 12,63 \ 4.
0.88---) 17:44..--) ---0:02 I O.11 I 3,3883 I 4.04" I 3.070 I 12.51 I 4.

0.80 -~ 17.44. T---o:oT '--en8 I 3.3328 '--4.0737---'-3:715, -1'1:381 4:12

0.&' - ~17.4451 u O.02 -~0.12 I 303822 I UUl I 1944 I 12.38 I 4,35
0.11 --- --- f7.44S - -~ 0.12 3

1
3848 -- --4.04W- r--3.818" f2.V 4.32

0.13 n.448 0.03 0.13 3. ".0412 3.182 1 .18 4.30
0." 17.44' 0.04 0.13 I. 4.042 3.1'8 12.03 4.27
0.18 17.44: 0.04 O.U I. ".Ool 3 3.1140 .• 4.24
0.7 17.441 0.08 0.14 I. 4

m
04

1
8 3.8111 11.80 4.22

0.73 17.448 0.0& 0.111 3. 4. 3.780 11.88 4.tt
0.75 IT.441 O.Of 0.1& 3.347 4, 3. 88 t· .5T "'T
O.!! 17.448 0.08 0.18 3.3407 4.08 7 3MO 1M!. 4,14

0.'2--- -~ - 17.450 l-----o:or n

{--0.17 I :503238 r-".0821'1 -UJI"T---,u.4
u ----r- -~O

us -- - 11.480 Il.o. MY 3. 138 ~-s:ne- ---n:13-- -- ---w
0.87 17.451 0.08 0.17 UIIH 4.1035 3....2 11.02 ".0'
0.80 17.4&1 0.08 0.18 3.2812 4.11111 3.818 10.82 4.02
0.'2 17.452 0.09 0.18 3.2789 4.1274 U.5 10.11 ".00

r 0.84 17.482 0.09 0.18 3.28tlt 4.1405 un In. 08 3.88

Prepared bV ADEM
1112612001 0p01S1nl & VslleV Creel< WlA (Slmner-LWF). Nov 2001 UAAJds psgo 4 01 14



Valley Creel< WWTP
OpouumNa"ey Cr..k. J,"'raon County

WI'" Quality
Steady-St.te Stream Model

Mey· November Model
A end' Use Classification

SecUon3 Flow ••",IonTImt "lImIIIItllvt Timt OJo.tklt DO NHIODU "8000 TONOOO__ mitt..,
(cf8J (dlwl (d/w1

I
(ma4l II (. fm ihJ

O.M 7...., 0.00 U.l~ ".140' S.
0.8 1 'All: u.Ot 0.1' 4._ 1 . 3. ,
O.te 11.4113 0.0' 0.20 3,8840 ., 0 3. 2
1.02 17.484 0.02 0.20 3.•tot t. 3.
1.04 17.484 0.02 0.2t 3.11.74 3.84t2 3. 70 O•• U7
1.07 17A" 0.03 0.2t U33. 3.774. 3.411 .1 U5
1.0. 17.451 0.03 0.22 3.1.73 3.7112 3.20 .0 3.82
1.12 17.4" 0.04 0.22 3.7'77 3.1508 U8. 3.10
1. ·.4ll8 0.04 0.23 3.852 3.5934 3.371 •• 3. 7
1. 7.45 0.05 0.23 U598 308388 3.347 •• 3.75
1. 1 '.457 0.0' 0.24 3.8218 U870 .324 8.83 3.73
I. 2 1 .4" 0.05 0.25 3.1708 3.4378 3.300 8.113 .ro
1. , 1 .458 0.05 0.25 4.0173 3.3813 3.27' 1.43 3."
1.2 t7.4" 0.07 0.28 4.0513 3.3473 3.253 1.33 3.15
1. 0 1 '....0 0.07 0.211 4.028 3.3051 3.230 8.2" 3.8
1.32 17.4'0 0.08 0.27 4.1421 32885 3207 '.t4 3.111
1.35 - 17.481 0.08 0.27 4.1780 322•• 3.184 8.04 1.118
1.37 17.481 0.08 0.28 4.2138 .1850 3.182 8.95 Ull
1.46 17.482 0.08 0.28 42481 3.1825 3.139 8.85 3.84
1.42 17.482 O.to 0.28 4.2785 3.132t 3.ttT 8.7' 3082
1.45 t7....3 0.10 0.29 4.3048 3. 037 3.085 8.81 U8

SectIon 4 _~_ Flow S«/IonTm-.. ClHl'flIIItu..TI"", Olo.tkll DO HHJODlJ C8000 TOHOOO01._1_. oW fd

~ =I 1-
1. '.ftl D. fI= 3.
1. 1 1 .470 O. i 3.2 8t 8.48 3,44
1. 7.477 O. u. .3478 .Ot '.211 3.38
1. .485 o. O. .4812 clMl 8.08 3.34
1. 7.482 0.05 O. 308884 2.827 7.811 3.28
.8 7.500 0.08 0.35 :I.: 3.8730 lU7 '.lIlI 3.
.81 '.lIOl 0.U7 U. 3.1 3.1722 2.84i .47 3. 8

1.87 t '.lII4 U.DB O.

I
,UlI73 :UO T.28 3.

1.83 .52 0.0 0.3 3. U587 2.788 '.11 3.
U8 7.58 0.11 OA 3. 4.0485 2.730 8.83 3.
2.05 ., 0.12 0.4 3. 18 4.13ot 2.882 '.7' 3.'
2.1 1.13 0.4 3,2003

I
2. 8, 2.

2, 1.14 0.4 3.1218 2- 8. 2.12
2. 2 17. 8 .18 8.45 3.0481 2.8 t 2.88
2.2 8 2.11730 2., 2.84
2. 1, 3 2.11024 "too 2.1 .8 2.7'
2.40

1'1
0.8 .4 2.8341 UT.3 2.474 .3 .7'

2.4l1 7. 0.: 2.111U 4._ 2.43' 1.7'
2.112 1. O. 2.103' 4-7UM ZAOl! .5 .87
2.88 17.803 0.23 O. 2 2.8418 4.7705 2.3 1 t83
2.84 1 .81U 0.24 0.'3 2.1IB111 4.113Ul 2.338 U till

PreparedbyAD.E.M
WZefZOOl Opolllfl1 &vtlwf Cr"" WI.A (SImntr·LWF), Nov 2001 UAAlill Peoe80114



Vefley Cree/( WWTP
Opos.umNel1ey Cr.ell, Je"',..on County

Wlter QualllY
Steady-Stat. Stream Model

May· November Model
A and I Use Ofassillealion

SectIon 6 Flow Sec'lon TIme Cumulative TIme 02 a.nc/l DO NH30DV CSODV TONODV
DI.tancetmlleSJ -- (cf.) (dav) (dov) (maAl fmail) {maill (man) lmaill

_____ ~_. 1. 0 0.00 0.&3 2.&14. 4.8307 2.: 38 5. 8 2,58
lli 17. 13 0.00 0.83 208228 '.7827 2.322 8.23 2.D8
2088 17.8 8 0.01 0.84 20881111 4.7888 2.30' 8.18 2.Dl
2. " 1 ••,8 0.01 0.84 208"" •.7202 2.28 8. • 2.85
2.73 17.•21 0.02 0.88 2.7288 •.1887 2.271 8.08 2.84
2.78 1 '.82 0.02 0.88 2.7833 4.1823 2.281 8.0. 2.82
2.71 1: .82 0.03 0.88 2.7"5 4.8201 2.2'8 8.00 2.81
2.78 17.e30 0.03 0.88 2.8287 •. 80 2.230 4.88 2,80
2.82 1 .8 0.04 0.88 2.8888 •. 888 2.215 4.81 2."
2.84 .83 0.04 D.87 2.8888 •. 288 2.200 '.88 2.'7

1-- -:'2.;a818f-__ 17.e 0.04 0.87 2,8138 •. 1018 .1 8 4.e; 2.48
2.88 17.84 O. LIM" 4. .8 2; •.7 2.44

._.____ 2.80 17.84 0.0 0.8 2....8 4,4.88 2.1 4.73 2,.3
1-_ 2.83 17.845 O. O. 2.8818 4,4238 2. 4.88 2.'2
---- 2.98 '.14' o. O. Ull1Q 403887 2. 2 4.15 2.'0

2.81 17.8DI.0 3.0382 43788 2. 13 4.50 2.a.
2." 17."" 0.0 ),0111. 4.3842 2. IlI9 4.88 2.38
3.01 I .8D7 0.07 O. 182 '.3328 2.088 4.82 2.31
3.04 17.880 0.08 0.8 3. 403123 2.071 'I." 2.38
3.D8 17.882 0.08 O. 1 3. 4,2827 2.0se 4.4. 2.34
1.0lI 17.885 0,08 O. 2 3.1418 4,2738 2.044 'AO 2.33

Section /I Flow Sec/Ion Time Cumulal/ve Time 02 oenc/t DO NH30DV CBODV rONODU
I. lane.> mile. (cf., (davl (davl (maIIl (maIIl (1JIIIIlI (maIIl (mall)

3.08 18.285 0.00 0.82 3

1
.08417 4,3338 1.813 UO 2.&1

3.17 18. 7 O. 0.. 2_ 4.450 .'23 • 8 2,51
3.28 1 . O. 0.85 4.8818 1.73. •. 0 2.50
3.35 .2 O. 0.87 2. 4,8882 1.887 4.05 2.50
3.'" O. 0.88 2~8482 4,: U80 '.01 2.'8
.83 O. O. 2.' • U07 3.88 2.41

1.82 1 .342 0.11 (U3 2., f-- 1.438 .8 2.'8
3.71 1 .351 0.'3 0.7 2. f-- I. r2 1.47

1-- 3x:-'..8*-0__ 1.311 O. • 0.7 2.2 0 1.310.8 2.'7
3.88 8.388 0.111 O. 8 2.187. 1. 8 .78 2.41
3." 18.' 0.18 0.80 2.1184 1.185 .73 2,48
•.08 lUI 0.20 O. 2.0427 1.141 3.el 2.45
4.1tl 18.42 0.22 O. U702 44 1.080 3.85 2.48
4.24 18. 0.23 d.. 1.1008 . ln 1.042 3.81 2.44

1-_ 4. 3 18. 8 0.28 0.87 1.834 . 1837 0.887 3,88 2.44
4. 2 I. 3 0.27 0.88 1.TTO .1472 0.153 U2 2.43
'I. I 8.4 7 0.28 0.10 U 080 0.812 3.'18 2.43

I-------.:r..'fi--- lu 2 0.31 0.82 I.e 1 8.7 12 un 3.4. 2.'2
4.18 lU18 0.32 0.84 U 0 8. 2 I 0.838 JAO 2.41
4. 8 11.83 0.34 0." 1. 2 5.1 782 0.800 3.38 2."
'I. 1•.M! 0.38 0.88 1.4 8 U282 0.787 3.32 2AO

Prlpered by AO E M
t 1128floof Opo..~ & Vlley Crlek WLA (SlJnmer·lWF). Nov 2001 UAA ldI Page 8011.



Velley Cree#! WWTP
OpossumNelley C,.."k. Jeffe,.on County

Water QuaUtr
Steady-Stat. Stream Model

May· Novemb.r Model
A and I Use Clllllflcation

SectIon 7 Flow ,"I/olin- C_IwITIme "''''''''1/ 00 NHJOOO c.ooo TONOoo
111._ """'iT letal IdlY) ('*vJ =- (molD (mam 1- (molD

4.&1 t ...4. 0.00 U. I O.7If Sosa 2M
4.80 'UBO 0.01 o.n 1. 8 1 0.7.. I.S' 2.40
U3 lUM 1.01 0." 1.4f07 0.7.' 3,50 2,40
U5 tU5. 0.02 0.'8 tot.... 5. 0.7304 3.2. 2.40
..... 1UU 0.02 '-00 1.44 2 5. 753 0.724 3.27 2.40
8.01 1..... .03 1.00 1.4341 U874 0.n4 3.28 2,40
e.o4 lUf3 0.03 1.01 1.422 U'M O.f04 3.25 2038
0.07 ,.. f 0.04 1.02 1.4'0 1,.0114 0.'14 '.Z4 2.38
D.n 18. 2 0.04 t.02 1.388 • 0..... 3.n 2.38
5.12 •. 0.00 1. 3 1.3888 • M74 3.21 2.38
0.'0 , •. 8 0." . 3 1.3 48 M'D 3,20 2.38
5. • 18. 8 0.08 1. 1.3833 UIIlI 3.18 2.38
5.21 18.100 O.Of US'8 0....8 l.t8 2.38
B. 1•.804 0.01 1.34oe 8.0atO 0.8: 1.11 2.38
6.2' IUD' 0.08 1.08 1.3282 •.0823 0.'28 3.1' 2.38
8.28 lUI 0.08 1.08 1.3180 •.1036 0.8: 3.16 2.38
5.32 18.1 0.08 .Of 1.3088 •.1148 0.• , 3. 2.38
5.35 8.1 0.10 .07 '.aee8 •.laDe 0.. 1.'2 2.38
5.31 U 0.10 .08 1.2.50 '.n" 0.111 3.11 2.38
5."0 18.13 0.11 .08 Uf42 '.14f3 0.8' 3. 0 2.37
....3 18.1" 0.11 .08 1.2.35 '.1580 0.5f 3.08 2.37

SectIon 8 Flow Soc/Ion TIme Cumulallve Time 02 0enoil 00 NH30DU C.OOU rONODU
O/olll""e m't.o (ofoJ I<II"J f<ll"J I 'nKlm fn lJ I"""'J ImrJIIl

'.4; "1.118 0.00 '.011 • ..t.11 O. 3.0 2.40
1.48 lUN 0.01 1.10 . '.1 ... O. 3.08 2. 0
.53 18.832 O.Oa .1 . I. '114 O. 3.04 2.

. 40 0.03 1. 2 .2380 .18 3 O. 8 3.02 2.3

. 48 0.04 1.1 . 22 1.2lI 1 O. • 3.00 2.3
. 7 , 5& 0.08 1. 1. 07 1.218f M'4 2.08 2.
. 2 . ... 0.08 1. 1. 0.502 2." 2.

•. f 1 . 12 0.01 1.1 1. 7 •. 0.481 2.14 2.38
5. 2 18.880 0.08 1.1 ,. .. 0.4 0 2.82 2.
8. 7 18. 188 0.08 1. j 0, 0 2.8 .3
8. 12 te. 188 0.10 1.1 1. O. 0 2.88
II. 20.003 0.11 1.2 1. O. 50 2.8f
'.02 20.011 0.'2 1.20 ,.;-- •. 1 5 0. '0 2.85
'.07 20.0 8 0.13 1.21 1~ 8.3280 0 31 ,.3 2.
•. 2 20. 2 O. 1.22 I: '.301'3 0.4 182 2.3
'.18 20. O. .23 8.3MB 0.., 2.10 2.388.2 au. o. 1.24 . 1.3.fD V. • .38
8.28 20.0 1 O. • US '.0427 8.104 0.3 18 38
8.31 20.0 O. 7 1.2. 1.wOl 8. O. .10 2.35
U8 :lll. O. .af l.off. I: 0.3 .13 2.38
U' 2 .Of o. 1.28 .0052 •. 0.3 . 1 2.38

Prepered by A.D.E M
1l/2812OO1 (Jpomlll &V.ley Creek WLA (S_·LWF). Nov 2001 UMlds Pege 7 of 14



vefley Cre"K. WWTP
Op4}ssumN.".y Cre.lI. Jetfereon County

Waif' QualllV
Steady-Stat. Stream Model

May· Novembw Model
A end I Use Cls..lncetlon

5«110/1 1m.. c...".".,~ rmr. OJ Delle" 00 NH:JODU caoou TONOOU

I

8.07 20.11 '.21
01 . .

I 8.68 20. '.20
•.ill -- 20.71 '.18

-U3 I nUl. I 0.04 11.~~3.0.88 I 'U353 I 3.101 120.14 I '.1'
8.~ I lJ1.~ 0.06 I 1.33 I 3.1888 I U383 I 3.687 I 20.81 I '.18I Ul --I fnftfF£Fl~=E= 3,28t2 -\ :.1380 I 3.810 \- 20.80 I -:.ff
!.~ !!~'..! _', .@ ,33820 .0432 34... 20.44 .17

!:!!..-_-==j 181..... I 0:07 F 1.35 FTI801-I-n851-1-U~F 2024 I 8.18
7.02 181.851 0.08 1.38 3.7488 3.8164 3.285 20.18 '.14

" •.13
'.13
'.12
8.11

7.22 1 181:8171'-- 0.10 I ~---r-' 4.1185 - I 32487 I 3.011 r 18.88 -- "'.11

Section 10 I Flow I$&<:/Ion1Ime ICumulal'vITlme I 01 Deflel, I D.O I NH30DU I CaODU I rONODU
b1.lanel (mU..) (ef.J (davJ (davJ (maAJ (maRl {maRl {maRJ (maAJ

7.12 I ltl1 .•J~O:OO-1~ 1.38- ',' 4.1718---1' '3.2048T'-( 3.077 I 18.88 r "".n
7.28 ,_ ;W!!' 0.00 . 1.1488 3.281 3.050 10.80 If.lv

-- - 7.28 -. lDl.iii 0.01 1. 8 137 3.312 3.024 18.78 8. 0
7.31 181.881 0.01 .4 . 3. ~3 2..87 8.70 '.11II
7.38 'IIUr.I 0.U2 1. . 3. 7 2 2.812 8.88 8.

I 1.38 181." 0.02 1. 0 3. 11II 2.IM' .80 8.
7.41 181.700 0.02 1.4 3. 3. 3&8 2.82 1 .8 •.
7. 1.704 0.03 1. 3. 3. 884 2,888 . ..'
7. 1 .708 0.03 1. 2 3. 3

1
4 8 ~2.811 •. 8 8.

· 0 .712 0.04 1. 3. I-- . •.
· 1.718 0.04 1, 3. 1 .3D •.""
· 7 1 1.720 0.04 1. 3. .31 1.08

7. 181.724 0.08 1. 3 3."83 8.28 8.UII
· 181.72. 0.05 1. 3 3: . 2. 1.2' 1.04
· 181.732 0.08 1. 3.7 3. • 2. 2 8.11 '.03
7.8~ 1~~ ~.. .1, ~ 3. 38 ~ ~ ~11 '.03

.• 2 1If.f40-0.oe- .--- 1.~-r-- 3.~' --3.mo 2.881 18.07 8.02
7.78 1111.744 0.01 UII 3.6188 US.l 2.111 '8.02 1.02
7.18 181.74. 0.07 1.45 3.8818 3 .81 2.838 18.87 8.01

.8 8 '.112 0.0 1.48 3.83l14 UBII2 2.•'3 18.82 8.01
7,M 1~~~8 0.08 .1,48 .1,.8117 3.81~ 2m 18.87 8.00

PrtfllredbyAD.E.M
1112612001 Oposllln & Veley Crlak WlA (S\Inmef'-LWFI. Nov 2001 UAAldt P.ll"'~ \4



Vafley Creek WWTP
OpossumNalley Cree", Jetrereon County

Wet" Quality
Steady-State Stream Model

May· November Model
A and I Use Classification

SeclJon 11 S«f/onrhml C""""-!I.-Tl_ O'Oellcll 00 HH'OlW CBODU TOHODll
~ /......,..

7.88
7.88
r:tr- --Ifm~-O.OO~- U.------r- U1e. I 3.812& I net \ 18.78 I '--r.t8
t."-- - -1.1.411 - 0.00 -- 1.41-- 3

i
"" 3.8083 -- U8118:n-- ----------r.es

~ lftH80 0.00 1.41 3.1042 2.8 18.7A u.
1... lft~.481 0.0' .41 3.8000 2.u 1•. 3 7.88
1. 18U.2 0.0 1.47 . 3.78 ~M .1~ .Ie
· 1&2.483 0.01 1. 7 3~7' U4 .71 1••
.• . 0.01 . 7 . 1 I. 2.0 1 1.10 7.'

7.8 0 0.01 .4 3. 1 :l 2.031 8.811 7.
· 0.0'. 3. ~ 3. . I '.118 7.

1: 3 4 0.01 . 3.8 20 3.7 • 0~1 .1 7. 7
1. 8. 1 0.01 . 3. I 0 3. 2. 18 .11 1.

· 0 .4 8 0.0 1.47 3[181" 3.7881 .111 lUI 1. 7
7. 1 .4 0.01 1.48 . .1843 2._ lU4 1. 7
7. 12.400 0.0 1.48 3. 3.111Oft ~ftOI 18.83 .
· lft~.•81 0.0' 1.48 1.811 3. 887 14" 18.82 U7

1.18 102.481 0.02 1.48 3.8700 3.7120 2.481 18.81 7.87
US- 1112.m I 0.02 1- 1."8-\ 3.It87--r~ 12.4ft1-~ - \----".1
7.t8" - \--152:4131-ll.O2 ,--ut------r- 3."24 -I '3:7455' \ 2,4811 lU. \---7.•7

Secllon 11 ,_ S«f/on nm. Cu.....1iven- 0'0eIkfI DO HHJOOU caODll rONOOU

- -...".,. .....r --- '"", I.vl Id Of! 'I' i-m ! 1m.
I- 7." • 0.011. . H., • U7

•.0' 0.00... 2.410 .7:IlA
'.02 2.4 0.00 1. 8 3.73 UN7 UIO '.84 7.

1;04 2. 0.0 • 3. 3,8808 2.44 (lfl 7.
8.OR 1 .00 0.0 1. 3.T 1....8 438 11... 7."
'.07 182=804 0.0 1.48 3.8084 318 4~ft lU7 7."

I •.OD 102. 0.0 1.48 3. 3.8 ~414 .... 1.85 '1
r-- 8.I' 102. 0.0 1.48 3. 3. !.403 1•.4~ 'T,8S'

8.12 182.010 0.0 _HI) 3. ., 3. 81 .:1.82 ".38 7.84
11.14 I -'82.m I 0.02 I 1:10 ---i- 3:1058 I 3.1224 ,-mil 18,31 .----------r:t4
8.18 - I 152.01. I 0.02' 1 1.00 ,- 3:I28t -I~- \ U'fO' I 18.34 I 7.84
8.17-

U

--T182.~O.02T-t.ao--ru 3,t$3s---r 304748 l-~ I 1Ur l-r84
m- 11.2.118 \ 0.02- r--;u~ 3.1770- '-3:4112- \ 2.340 I -l8.3O '---7.n
1.20- --1182:820-'-0.03 I U1----r 4.0004--' 3.42781------u38--1 '1U7- I -----,.;83
8.12--0.03' 1.814.0238""- ---~ --2:328 '--21- ---r.il3

O. 1. . 18 1 8.2 U3
.2

7. 2
U2

8.30- I181m , - 0.04 r-- 92 --1 4;13t-2- ,-,.2810 I B1FF-18.13 -\ ·~·r
8.32 182.835 0.04 U2 4.1884 ute. 18.10 . 1

Prepared by A.O.E.M
1112812001 Opo"lIIl &v'''y Creek WlA (Sumler·lWF), Nov 2001 UAAltIs Poge90114



Valley Creel< WWTP
OpossumNelley Cre.k, J.Mlrson County

Water Quality
Steady.State Stream Mode'

May· November Mode'
A ""d' Use CI.aslftoetion

SectIon 13 F'- S.., ,loti rltmt CumuIIl/n nm. 01 Detlclf 00 HHSOOIJ CBOf)/J rONODU
t------m.-..ce "ii1iiif -~ -~~ MfJ ,.1 tdo

1=~ 1- I_J

8.31 1&2.011 0.00 1. f--
' __10

'.1'
8.114 1&2.580 0.03 1. 17.1' U.
8.• 1&2.588 0.05 1.

I- .0 T 17.4. U4
8.8. 182.111 0.0' 1.2322 '.lB 1.81
UO 152.137 0.11 1.13 1.2218 1. 1 1.1111 7.•
8.42 182.882 0.14 1.88 402108 1.728 U. 7.14
',114 182.888 0.18 ,88 4.880 ,1141 8.31 7.71.... 182.713 0.11 .11 4. 818 1.881 1.03 1.er
10.08 182.731 0.22 1.74 4. 1 8 3,32 1.488 8.78 1.84
10.30 182.784 0,28 1.77 4.1 1S8I 3.38 1.418 1.48 '.81
10.&2 182.780 0.21 1.7. 4.087 3.4113 1.380 ~,21 '.87
0.3 2.815 0.30 1.82 Ii 3.471 1.288 14,88 7.84

10,88 1 2.841 0.33 1.88 3, U284 1.232 14.88 7,81
~~ "

82.88 0.3& 1.88 3. 3.881B 1. 14.43 1.41
.38 182,882 0,3. 1.80 3.7830 .8481 1.2 14.1 '.44

I-~
.81 lUI 0.4 1.83 3.7213 .n· . 3 1.41

11.83 152....3 0.44 U8 3.8877

i
1. 0 .0 7.38

12.0& 182.... 0.48 1.88 3.5138 O. 7.34
12.21 15U8 0.4' 2.01 3.11281 O. 3. 3 7.31
12.48 1&3.020 0.&2 2.04 3.4847 0121 1 .10 7.2'
12.11 83.048 0,85 2,07 3.4008 0.884 12.18 7.25

Section 14 FloW Socllotl rltmt Cumlllof/w rltmt OIDeIldl 00 HHSOOIJ ceOOlJ TONODIJ
---~mMUf- ..- ,ohl

r-~ "

~-1==l.I I
tm ~

u. In,DR '1'.
12.'

~.
2.05

12. 2.05 · 1T8 0.B10
13- . 3 2.0B • 88 0,888 7.
3. 153.058 2.10 '.1110 .08 0.841 12.48 1.2

13.22 183.0118 .0 2.11 8'01 ,218 0••" 11.41 1,
1 3.11 2,12 ,B281 · 142 o. 8 12.34 7.18

13.42 1 3.11 0.08 2.13 2.1487 U841 O. 8 12.27 7.7
13.83 3. 0,01 I.la 8 .700 O. '.20 .'11
13,83 O.OB 2.15 11 O. 8 1.13 1.18
13.13 3.14 0.01 2.18 · 03 O. 2.08 7.1a
13,83 53,187 0.10 2.11 .8 1 0.1 1!.88 7.13

3, 3.187 0.1 ,8 .87 0, 1 .12 7.12
53.171 0,2 ~8 2.344 · 53 0.788 .88 1.11

1 .1 1 ,1" 0.3 .1 0.748 •• ,10

I-~-'
3,188 O. .20 0.741 1 • 2 7,09

1 ,208 O. I- i.28 2 0.132 .15 '.08
1 . 1,218 0.1 2.22 2.1377 .30 0.24 .It 1.0

1 1,221 O. 2,23 2.0920 i.34 Ul1 1.l2 7.08
85 183,238 O. 2,24 2.0485 5.3813 0.701 1 .45 1.08

14.75 153.~8 0.1 2.25 2.0071 1.4321 0.701 lU8 7.04

,I

Prepared by A~OE~M
1112612001 Opoallfll" Vetty Cree!( WlA (S\nV'nar·LWF). Noy 2001 UAAJ<Il Page 10 or '4



Valley Creel< WWTP
0po8Sum/V.lIey Creek, Je""rson County

water Quality
Steady-State Stream Model

M.y • November Model
A .nd I Us. Classlncatlon

SeolJon 15 I Flow IS",,/Ion T/_ ICumula/lve Time I 02 Dellcll I DO I NH30DU I CBOOU I rONODU
Dle"nce (mile.) (cf.} fdav) fdav} (maA) fmaA) fmaA) fmQII) (moA)

14.7r- :l.Zs 2.0112 0.e8ll·- 7.03
2.28 U288 .01

1 . 7.00
15.21 U8
.~ --I 1....161 I 0.06 I a:~0 I 1.7145 I 8.7328 I 0.861 I IUS r -------e.er
~ 1 .184 -------o:or 2.31 USSO 8.7818 0.840 - ----,0...- - --------.:&11

18.1 .17 0.08 2.33 1.I11D4 8.B4l111 O. 8 10.78 8.114
18.1 1 . 80 0.08 2.:14 .1lII01 8.8811 0'18i 10.17 8.112
18.8 .. 2IM o. 1 :1.38 1.8031 B."32 O. 10.811 1.81
lB. 2 .2 0.12 2.37 1.4808 .....0 o. 10.41 8.111
18.2 .2 0 0.13 2.3B 1.42'3 8.02B8 U. 10.40 8.81
18.43 1 ~ O.J!.. 2.40 1.3848 ~3 .J!, 1 m,31 ue
U8~ ~TI54.258 r------o:w---.---- 2.41~r l3S08~1-8.08tI4-1 O.m-~------ro:22 I US
.73 I nun 1------0.11-.- U2-~r- Ul"--I-'.~' o.m- I 10.14 18.83
I.U--- -1154.212 1 -0.1' ,-- t44 --I 1.2IM~ '-- •.rne-l O.ese-I 10.0S -.---------e:n
r:o;r-' - ~-rt54.DlI-------0.20 ~2.41---r1.2e1D r--~IO.64.-nl --..-.,- -. - •.80

17:"-- ----rtS,Uoel--------o:'i1-----r- U.--,-1.m1~1~1 -~I - ....---.----eJ8
'.34 I 'N.m I 0,23 1 2.48--1 UnO- '-'-:-U4el 0.G34'-1 ----.:&0- -.- --e.n

1m- ~~·r-I54.nTT_____0:24--I~--:U'~-I 1.1804 1 8.me , 0:&281 ne:-t,--.------u&
lUII- --- 1184.341 I-O.HI~-UO--'-,~IU'.I I 0,521 1 0' • 8.7S
rr:eo------.I54:ufl--o:2f~1U~-1 1.1480 I 8.2880 I ~I --ur--r-----r.73

Sect/on 18 I Flow ISect/onT/me ICumlllet/ver'me I 02 Deflcl/ I DO I NH20DU I CBODU I rON.ODU
DI.tance (mlha) (c(s) (da.) (da.) (maA} (moll) (moll} (mall) (IIIQI/)

11.~ -1-'84.DI I'- 0.00 r~ U2 - -I [104'-~T-~1 - o:5f&I US ( e.73
17."-- - -,-non '-0.01 -.-- 2.&2 ---r ---f.m3 I '.2142 '-0,111-' ---1JO----.---.:72
~ 1 15U7eT-o:Df, 153--' f;mS -'-f.28OOI o.s07 I ----.:;ee----.-----.:72

18.05- -- 8.71
1 .13 . 8.70
~U .3 ~

1~ ~ ~

tua- u f.11il0

I

u:n- --Tl~.440 1-----o:Qj··~180'-1- --T.IDe- ,--,:me-l o.m- I 8.Cl7 r'----':
18.80 - 1184.441 l-o.Clf r ..1.!0 --I 1.mr-T-e.~10.4l'3--1 --'-.03 , 8.
18.8'-- ---- 11S....« 1-0;10 --r -- 2.el~1 ~r--~I-O.470\---.:u '----..83

U7 I 184.4e2 I 0.10 , 2,82 I 1.1138 I 8.2100 --I 0.4881 -~- I I.e:
&.0&-- ---,84:48. ---O.lT -- -- 2.8'-- - 1.1 3 ~ O.;cer-- -----..eo- ".8,

ll.tot ,47 0.12 2.83 1. 8.2 08 0,482 B.•8 II
1 '.22 1 .4 0.12 2.84 1, 8. 17 US8 8.82
1.30 1 .• 0.13 2.85 1. 8. r28 US8 8.18
Ull 1 ,.48 0.14 2.•8 1. 8.'l 40 0.•&4 lI.n 11.&8

lUI' I.S0 0.15 2." 1. 1 urN 0.4S1 8.88 I 8.87

Prepared by A.OEM
1112MOOI OpoSltm &V.~y erie\( WlA (Slmner-LWF). Nov 2001 UAAlds PIOO 11 or 14



VIII/ejl Creell WWTP
Opo!JSumNal/ey Creek. JeffeFSon County

Water OU"ltv
Steady-State Stream Mode'

May· November Model
A lind I Use Ch.sslflcellon

~eCf/on 11 . ~_ Flow S«llcHtrlme Cumu",u.."""" OlDtJlklI 00 HHIODU caoou roHOOU,- fii._ "'- ~ 10/,1 tdwl I_I I Imam /mam I/llllofJ Imam
".4, ll1B.l. 0.00 2.M •.VU 0.481 ..n "aT
18.18 55.218 0.03 U' .Ii· 0.443 1.51 U4
20.10 '1111.2110 0.05 :U2 t.1 0.435 8.37 1.51
20.41 155.283 0.01 2.74 U4 • 0.427 8.22 1.41
20.72 111.315 0.1 2., 1.8 UD40 0.42 8.0t 1.45
21.04 155,348 0.14 2.80 1.8884 1.78" 0.414 7.14 8.42
21.35 118.3 0.18 183 1.T... .1130 0.40 .80 8.3.

______-ii2~'.7<ll.;_- flU 0.18 2.85 1. • 230 0.40 7.11 '.37
21.17 155. 5 0.22 2.8. 1. .5 14 0.38 T.113 8.34
22.28 15U 0.25 2.11 1. . 018 0.3'2 7.40 '.3
22.10 155. 1 O. 2.84 2. . .. 0.387 7.27 '.28
22.81 15U43 O. 2." 2. . 032 0.383 7.15 8.2.
23.23 '115.1115 0.3 ... 2.' 5.3814 0.3711 .02 '.23

f-.------ 23.84 '1111.8011 O. 3.02 2.1341 5,3243 0.375 8.10 8.20
23.i5 185,840 O. 3.05 2.18n 5.2' 4 0.3 1 8.78 1.1

1--_ 24.11 11111.•73 0.4 3.0 2. 8111 i.leD 0.3 8.17 11.15
2OU8 lSS.705 O. 3. 2. 207 .237' O. 11.85 8. 2
24.71 511. 311 0.47 3. 3 'U4U 1=21B~ l' '.44 1I.1l.
28.10 \55.770 0.48 3.1 . '04 ~ 8.32 8.01

1-_ 2U2 155.103 0.52 3. 8 2.27115 • ~ '.22 '.04
'--~ 25.73 511..311 o.n 3.21 2818 5. 7 Il '.1' 1.01

SectJon18 Flow Soc//onTlme Cumullll/veTlme OZDene/l DO NH30DU CSODU TONODU
DI.ra""" mIle. cl.) (da~) ldav) (IIIQII) (man) (manl (moA) (mull)

.r3 15.83 0. 3.21 2,2113 5.1705 0.352 8.11 8.01
2 .r7 155.13 O. 3.21 2.2845 5.1810 US1 "08 8.01
2 .82 55,84 O. 1 3.22 2883 5

1
1838 0.38' '.01 8.0

2. • O. 1 3.22 I'017 . 0.311 1.0 8.00
.8 2.0 3.23 0.380 8. 8.00

~-----~,*------i,..-7;;:;~+_~.~2~--i---n3.. :2~3__1--_ . 0.380 8.0 '.00
f-' 18 .8 0.02 3.23 0,350 t.O U'

8. 3 18 . 0.03 UA . 72 0.348'0 0.98
28~Oi 185. • 0.03 3.24 tT7 8.1442 0.341 5."
28.12 115. 0.1 3 ,.~ 11.141 O. 11.'8

1- -;2ii'8.~';fr11__~_ 155. 0.1 1.211 . 3 1I.138Z O. 5."
2'.2 55. 0.' .25 5.1352 o. 8 • 5 5.87

1-_, ..;2iiX·T28r-~_~_ 155. 0.0 1.28 .3 5.13<14 O. 8 11.I1
26.30 155. 0.1 .28 5.1288 0. .12 0.97
2'.34 155. ;:84 0.05 3.28 2.33 5~'28il O. 7 5.10 II."
28.31 1 . O. 2.3311 II. O. 7.8. 11.811
21.4 1. O. 2 2. II. 0.." 11.811
21. 1 5.105 O. 2. S.1 1 0.348 .88 ue
2'. 1 1.810 O. .2 2. 8.1 84 0.348 .85 8.8.
21. • 18 i.118 o. 2. 8. 40 0.348 .83 5.14
28; 10 155.1 • O. 3. 1 '~3!11l3 8.1 10 0.348 5.82 5.84

Prepared by A.D.EM
1112812001 0p01l1l1l" 1J6tfJt <:feel< WI.A (SII'MlW-lWf). Nov 2001 UM.xla Pege 120114



V.lley Creel! WWTP
OpouumIVelley Creek, J"fferson County

War" QUaIItv
StNdy·St.te Stream Model

Mey • Nov"mb"r Mod",
A end I Ule Classification

2-.40 I 157.U8 I 0.24 I 3.53 I 2.3881 I 8.0878 I 0.335 r ---Us "'-'---'.10

S"ctlon 19 Flow 5",,'lon TI"'" Cumulallve TIm. 02 DeficIt 00 HH300U CBOOU rONODU
Olslllnce (mile' {cr., 1....1 da.1 Im""l '"",AI ImnAl ImnAl (lIKJIfl

2UG 187.3" G.OO . 8 2.!U7' .1188 O.!UA B.71 &.83
27.M 187.437 G.03 . 1382 .1023 0.348 &.IB 0
27.40 187.47. 0.07 . • 2. 1.6118& 0.343 8.83 .
~7.BO 5 '.514 0.10 3 .0783 0.34' 8.41 8.83
28.20 15U53 0.14 U 2. 8.0713 0.340 8,2B 1.80
2UO 15U. 0.17 3. • 2. '.0874 0.33' 8.18 8.71
2Q./ll! 1~'30 0.21 148 2. 0 2 •.0883 0.337 '.01 8.73

20.~- ---I 187.tOl 1 0.2'-'-- 3.8. I 2.3'" I •.0711 I 0.334 r--OS--.--------u7
:10.:20----- ----I IS7.74n- 0.31 -.--- 3.80--1------uiiT-!-e.077.-1- 0.332 [ ---4.14 --'---04
30.M ., '--I 1&J.1841- 0.3& , -- 3"'---'-- 2.381. I e.o", .----0:330 --r--O"-r-------ul
31.00-- --rI8U22.- 0.3'-'--- 3.87-' ' 2.3718 -.- '.0888 I uS' I U4 , U.
If.40----------T1Tf.Htl----OM ---.-- 3.70 , 2,3588 I 0.1076 I 0.327 I ,4.44-' ---- -'US
3f.t()" -------r m .... I O.n , M4 J 2.3481 I 11.12118 I 0.328 I -04 ----T---Uz
~ ----r m.•H I 0.48 1 3.77 I 2.3321 I 11.1354 ~T--4.~8 '---,---"T.,u
32080' , llf.mT-OM-----r- rn--I 2.31'1 I 8.1513 I 0.322 1--4--.15 I U8

0.3 0 ----..08 &.43
.8 .0

O. 3.5. ..
0.315 3.80 8.34
0.313 3.72 Ul

ISection 20 _ Flow S..,r/ull Time Cum\IIItIIvII TN 0: DefIcit 00 NH:tOOU 'BOOU TOrIOOU
t· --.-' "-rno-..,. mUM! ' __ H. c '" .J levi ""'.., r""""

M. . II. I.R 2. • _ • 3. 1131
34. 4 8 O. 1 ... .2203 . _ . 3. 0 8.30
34. 8 1 O. 2 .00 2.2141 . _ . 3. US

I U:'18 :: :0 ~=~ : 0:0 3: ::
38.28 1 . 5. . 2.111IO . O. III 3.112 5.2
35.41 8. 01 4. 2. rBB 0.308 3.10 B.
3U8 15 .281 .08 4. 2.1137 0.307 I.BB •.
3&. 0 1 U75 0.08 4.0 2.1 14 0.308 3.58 5.23
n.M 1111.2" 0.10 ".0 2. '12 8. 018 0.30& 3.14 5.22
uN I 188.301 I O.ll 1 4.1li , 2.1148 I lU078 I 0.305 I 3.12 --'------01
M:n---------, 181.314- I 0.12 r 4.10- , 2.15"- I &.3142 I 0.304- ,----UO------, --- - -no
'~----l f58.328T------0.f4 H_,_ ".il I 11122 I om , 0.303' 1... I 5.18
. 38.3f---- . - --I 108.3411 - 0.15 I 0'----1 - 2.1...-. r-S.32'. --- '--0:302 .T~--r-----"'T.1S
38.ar-- .1 -- 4.1-4-- l1D8 . 32
38.
8.8

38.84
31.08
3f.l1- - -f lff.420 I 0.22 r 4,19-, 2.1073 ,- 0,3084---1---0:281 . f n-U8 HI 5.13
37.38 158.433 0.23 .ul i100i i.371' 0.287 3.34 4.12

PrtPa~dby A.D.E.M
l1fZ8fZOO1 apoSlIlll" V....yCr.N WlA (SIJm\ftr.LVVF). Noy 2001 UAAlds P.ge 130114



valley Creel< WWTP
OpossumN811.y Creek, J.flBrson County

Water Qyfllfy

Steady-State Stream Model
May· NovemtH, Model

A and lUI. CI.llllle.tlon

Ser:l/on 21 .""I"",r_ olo.tlcll DO NH$OOU CIIOlW rONODlJ--,- DI.ta',.,. mit..
~ j
~ ~

1------ 38. 4.27 3.22 a.
i---- .... . .17 8.03

38.83 180.te3 4,33 0.2 3 3.12 .01
3'-32 I 111.061 I 0.18 I 4.37 I 1.0678 1 una I Uti I 3.07 1 --4:t8
3Ul--~-----' 181.031 I 0.10 I .....0 I 1.8787 I 8.4...7 I 0.280 I 3.02 I ".te
40.11 181.078 0.23 4.3 1

1
.8.. U138 0.28 -~2." - -4:83

I 40.80 1t1. In U. •. " U328 0.21 2.83 Ul
40.iki 111.110 0.28 .., 1. 11.11113 0.28 2.'. U'
~ 181.188 0.3Z 4. 1. U 01 O. 2.... UI
'lUi Ill'. Z8. ... 1.' ..... O. 2.80 4.11
42.0' 111. 83 ,3 4.&. 1. !--o18074 o.z 1 2.7. ...•11---.,_ ..2.47 1 . DO • 2 4.83 1. . O. 2.72 4.7'
42,81 • 38. 4.88 1.8210 0. 2.'7 ".78
"3~ . 78. 4.1111 1.810l1 O. 7. 2.83 4.73
~ . 3 O. ".f2 1.71124 I. 10 O. 711 2.811 4.71

.0. 1 .480 O. ,0 4.70 1.774~ 0....1 O. 1~ 2.~0 _~.~

1.44 I 1.1.407 I 0.8. I 4.1. I 1.7182 I 8.7172 I 0.Z72 I 2.81 l--------ue
1.84~-----------rln:n'--l 0.81 I 02 I 1.7313 I 8.1361 I 0,271 I 2.48 1-------u4

..m- I 16U8Z1 0.8. I ue I 1.1208 I 8.1828 1 0.2.. I ZO« I 4.81

Prepared by AD.EM
1112812001 Opouun &Veley Creek WLA (SImner·LWF). Nov 2001 UM-Jill Page \40\ 14



Opossum Creek / Valley Creek Waste Load Allocation
May - November / F&W Classification

wwer Valley Creek

I 11. USX WWTP
2. Koppers Organics
3. Valley Creek WWTP

Upper Valley Creek

/---3

8.00 I \

9.00

7.00 I \

~
=- 1 "f~ 6.00 + . • l!'1o ,L-l------:::::~...",,----.....==:::":::::::::::==-

] 5.00
~
.~
Q

~oo I I I

3.00 I..·........ ~ I I

45.0040.0035.00

............. DO Water Quality Crtterla

30.0025.0020.00

Distance Downstream of USX, miles

15.0010.005.00

Oponum Creek

2.00 I 1 \' I I I ' I I I I I I I I " I I I I I I I I I I ' I I I I I I I I I I I ! I I I I I I I

0.00



V,"ey Creek WWTP
OpossumN,"ey Creek, Jefferson County

Water QUIIltv
Steady-Stat. Stream Model

MIY • November Mode'
F and W U•• CIII.lflcltion

$ieam no.i6Vd8yCretkVVWTP (CIS
20.07110 I Use Goa/ Seell

Minimum Dissolved Oxygen Concentration (mgll) (Opossum creek)· 4.79
Minimum Dissolved Oxygen Concentration (mgll) (Upper Veney creek)· 6.13
MInImum DissolVed Oxygen Concentration (moll) (Lower Valley Creek) • 8.02

CBODu Concentration at End of Modeled Reach (moll) • 1.26

Opo..um C"elll VeI/e, Creell Wute Load AKocation • Summer m.A I paw CIN./fIcation
I V.ley Creel< v.wTP EIt\leot 00ncItI0I1I I
06J11r' FloW, MOl: CBoD"~ NHTN.~ TKN. mol ),0, (rrlrlllUn),~
I 8~.00 4,0 0.8 2.& 11.0 I

PIUlDara
Dam Localad al BlIlIlnnlng of SacUon"~.

Walar Quality FacIo, " .
Wle, Dam Coefficient" O.

Olffe,enceln Wate, Leve' (ftl" 1.00

2.000

UII7

U70

11.00

Hoadwalo, Flow (tlo) "
CBODU (mgll) ­

NH,ODU (mgll) ­

TONODU (moll) -

Headwater D.O'lm~1 -

HeadWater Dati
Reee..lon Indo. (0) "

Moan Annuli P,ee, (PI "l-'r.iii"X'-tr.::;;o.;:;;:;r.'i
O,"lnlgo A,oa (MA 21 "

romp (C') "t-nXi("-t----~_j
CHL.

Enter the Number of88Ctlon~
Total Lenoth (miles) - ~

enter m I-a lanld

0 , TONODU ClIODU NHJODU DO 10. remp. ",."",.

'"110M lmw' lmId lmId .. fcM (Co} AtN4IfAIf
f.OO V.W ..- 0.00
2.00 0.000 0.00 0.00 0.00
3.00 0.000 0.00 0.00 O.
4.00 0.000 0.00 O. O.
11.00 O.VlIU V.W o. O.
8.00 4.11 2.00 V.4110 I.VlIU 1.18 J41. V.

.00 0.000 .00 O• O•
•.00 4.11 2.00 0.4810 8.DUO .le

I
O•

•.00 11.~0 n.1O ....7000 3.000 .00 O.
10.00 0,000 ',00 O.
11.00 4.11 2.00 U.481U II.DUO • '2 O•
1 .00 U,DUO 0.00 U.

f--- 3.00 0.000 0.00 0•• U.OO
14.00 U.OOO 0.00 0.00 0.00
111.00 4,57 2.00 0,41170 0.000 0.88 30.00 0.00
18.00 0.000 0.00 0.00 0.00

--. 17.00 88.000 18.00 4,57 2.00 0.41170 8.000 0.88 30.00 11.80
1•.00 0,000 0.00 0.00 0.00
18.00 18.000 88.00 U7 2.00 0.4870 1000 1.41 30.00 32.70
20.00 0.000 0.00 0.00 0.00
21.00 18.000 18.00 4.87 2.00 0..4810 8.000 2.3. 30.00 81.20
22.00 0.000 0.00 0.00 0.00

SHfIoM
1.

I 2.00
.00

~.oo

8.00
J.Oo

.00
'.00

I 10.00 . hf .
Roo '

.00
4.00

I.

18.00
1•.

21.00
uoo

-.41

.4

o......

.4'

.01
U7
.J
.51

(.
4.8'

.v7

.5

..,1

...1
4.

,.00

.00

.00

.00
,~:r

0;00
·.00

o.
o.
0.00

.00

f .
0.00
o.
0.00
0.00
.00

0.00

o.

PrepllfellbyAOE.M
1112612001 Opo.alm &Veley Creel< wtA (SUrrner-F&W), Nov 2001 UAA.xIt Page 1 01 14



Vettey Creek WWTP
OpossumNelley Creek, Jetrllrson County

wac" OU,Utv
Steady-State Stream Model

May. November Model
Fend W Use CIIIslncation

... IlIon. (If none. leave b/enl
C80DU

S.."lon. I (mClllJ

NH300U I f'ONODU I DO I --Flow~ I Temp. I pH I-•. /mlrwmNH3
(mClIlJ (maIO (maIO (cr.J t· CJ I (mGlfJ

NH3 Toxicity

(mGlfJ
NIIYWQl.lml'

(maAl

1.00 I 8.000 I 3.43 I 3043 I 8.00 I 17.0170 I 30.000 I 7.00 I 3.08 I 3.18 I 1.00
too ------, U.!OO- ,eUlr I m.111 -I --..00 r---~T 30.000-1 1:00 --.---- -1 -- - I - -- 20.
.00 I I 0.00 I I 0.00 I I I I I I O.

4.00 - - ,- I 0.00 _----.L L MO~_ , ---,__ __ L _ I I I O.
5.00 -- I - I 0:00 I I 0.00 I - 11-'-------,--. - ---- T O.
8.00-- I I 0.00 I I 0.00 I , I ,-- -.-,- '---0.
t.OO ·---1 ,-- 0.00 I I 0.00 I I I I I I O.
8.00 I I 0.00 I I 0.00 I I I I I I 0.00
e:oO 12.000- ---2.28 -- 8.14UIO-Ul.eooo- 30.000-- 1.00 1.08 -U5-- ";0.80
0.00 0.00 0.00 to .-/ 0.00

11.00 0.00 0.00 ./ 0.001-----_ 12.00 0.00 0.00 ./ 0.00
13.00 0.00 0.00 I ../ 1.00

;::~~ u--l _n I -~:= I I ~:: ../

22.00 I I 0:00 I I 0:00 I I , I I --- ,- 0:00

fo.OO . ---- 0.00- 0.00 The mo,t ,trlnpnt of"'e two y:oo 1
11.00 o. 0.00 valu,. will be Implemented.. .00
18. 0 O. 0.00 "'e dl."".,.". NmIt. '00
18.00 o. 0.00 _ ':00
20.00 o. 0.00 ,'M

21.00 O. ~ =

Enter Section Characteristlos Iif none. leave blank\
8i>glnnTiii . EiKJI"!!.. t"v'~"nge Le"Slih A.... S/os.ellon - Av.rogo,Flow .- A.vlIfJIgfJ .

S",,'Ion. e/ov.1fI1 IJov. tnl rtfl (m'Ieo lilev. /I ,.((IJln/l cr.. VM.lfl!Mel I
I./It .1 '.000 4 '.00 8.00 O. .IN. .02' 1 .'U1 0.304
2.00 4 .000 48 .00 10.00 O. 485. .271 ' .•A O/11iA
3.00 .1 '.000 4 ~.OO 8.00 01.8100 .17.8000 '.804 .4ll 0.305
-..:00-- 47 .000 .00 20.00 1. OOסס.485 8.801 1.84 /l.30~
5.00 .! .000 lOll 3.00 . 483. '.81' . 0.1....
8.00 II 000 1.00 r.oo • 3. .48 . 0.304
7.00 43 1.000 4 0.00 5.00 . 32. 1.828 . 0.308
8.00 430.000 422.00 8.00 1i88DO 4 8. 8. 183 . 0.310
8.00 .: 1.000 ~'O.OO !.OO . 1. 2. 188 . 0.,
iO.OO .: 0.000 412.00 8.00 . 4 ooסס881 12.'88 1 . 0....
11.00 .1 .000 411.00 1.00 0.1.00 4 1. 1.1 3 . D.DO
1'.00 •. . liD. 1.00 0.3300 • . 3.030 1 . o:nT
13.00 41 . 80. 30.00 4.3900 OOסס.385 1.834 18 O. 81
14.00 380. 2. 18.00 2. OOסס.311 1.824 1 3. a -0."1
n.OO 3'2. . 31.00 . 341. 10.t84 1 . O-:eu

1A.00 33' . 118. 13.00 .17 3lA . 'IN .4 1I.18!
11.00 m. 288.00 20.00 8.2800 OOסס.308 3.185 .1['118
18.00 288. 214.30 3.10 0.1700 2811.t800 •.2 3 8 . 0.700
18.00 214.3 -HO,OO 34.30 ooסס.8 211'100 4.288 181.78 O.tOI
20.00 m. -H8.70 1.30 2.1800 251. 0.H3 118.30 0.740

.00 288. 'A8.00 3.70 1.1800 288. 0.4 0 1111 8 0",418
.2.00 O. 0.000 0.00 0.00

~lredbyJ\.DEM
1l!28f2001 CpOINIl &Vll6y Creel< VVlA (Sunmer·F&W), Nov 2001 UAAlClI PIjlt 2 0/14



Vell.y C,••1e WWTP
OpouumNelley ereek, Jefferson County

Water Quality
Steady-State Stream Model

M.y • November Mod.,
Fend W Use Classification

f----- RNCtion R.tt. ttll20· C Co",cfedR.". llIl New T.mD.
S.ctlon. Kd KNH3 KON T. Coemcltn, R...,.f#on Kd KNH3 KON Av•• R•••ratlon MIx.d T.mp.(O C)

r----~---
1.00 1.300 1. o. 1.30 '.72' 2.08lJ 1.01 .21 8.82 30.00
2.00 .300 1. O. .30 '.21' 2.051 2." 1.27 10.'. 30.001---- 3.00 1.300 1.30 II. 2.0 I 3.01 4,823.: .21 30.00
4.00 1.300 1.30 '.' tI 2. a. 2.83 1.27 '.48 30.00
a.oo 1. 00 1.30 2. la8 .11 3.07 1.27 3.44 30.00
8.00 O. 0 1.10 0 1.30 3.733 0.33 3.0 0.11 4.78 30.00
7.00 .- O. ,00 .80 .30 .18117 0.33 3• .1. 4.50 30.00
1.00 0.00 1.10 .10 1.30 3.2183 O. 3.4 0.11 4.17 30.00

..ll!!..____ o. ,00 '.ao 0.•• 1.0801 O. 3.1 0.1' .34 30.00
10.00 0.400 1.50 0.'1 8.4548 0.833 2.8 D.18 8.81 30.00

_____ -11.00_ 0.400 1.80 0.88 3.0128 0.83 3.0 0.18 3.81 3D.00
~ 0.400 1.10 O. 0.88 1.3081 0.833 3.0 0.18 1.88 30.00

f--. 13.00 0.400 1.80 0.0 0." 2.8548 o.e33 2. 0.18 3.75 0.00
14.00 0.400 1.50 D.O o.n 1.3831 0.'33 D. 8.'0 0.00
la.OO 0.400 1.50 o. 0." 8.2107 o.e33 .12 O. 7.17 30.00
tI.OO 0.400 1.10 0.10 0.88 4.7818 0.833 .1' 0.1 8.' 0.00
1 .00 0.400 l.ao 0.0 0." 1.8800 o.e3 3.1. O. 1. 30.00
18.00 0.400 .ao 0.10 0.88 1.3700 O. .10 O. 30.00
18.00 0.400 tao 0.0 0." .3700 O. 3.01 .8 .7 30.00
20.00 0.300 UD 0.0 0.88 .1400 o 7 3.08 0.1 30.00
21.00 0.300 1.50 0.10 0.88 1.1400 O. .10 O• 1. 5 30.00
22.00 0.000 0.00 0.00 0.00 OOסס.0 O. .00 0.10 0.00 0.00

Preptred by AD.E.M
11126f2OO1 ()poINn e. Vatey CrtttI VVI.A (Slm"ntr·Fe.Wj, Nov 2001 UM.ldt Page 3 oIl.



Vallay Creek WWTP
OpossumNal1ey Creel!, Jefferson County

WIrer QU'''ry
Steady-State Stream Model

May. November Model
F and W Use Clllliftcation

Mod-~ - - -. --..,,--
~'~

Flow s.cnc....r_ c"",....,IWIr_ OJo.t/eIf 00 HHJODCJ C8001J TONOOIJ
(c(,1 I_I

:I: - (I 1m. ~
1: .211 O.OD

*-
O. .371 0.00
0.047 17.37' 0.01 0.01 1.5341
0.071 .37 0.11 O. 1 1. t37 · 2 3.
O.OM 11.37. 0.12 1.500 .2 3.
O.U' 17.378 0.0 .0 .0211 .7 • • .50 3.
0.\41 17.3 0 0.1 .7621 .8 1 r••3 3.33
0.185 17.310 0.3 1.7883 · 7 .38 3. 1
0.188 17.38 O. O. 1.1431 3.\48 7.21 3.

.2 .381 11.04 O. .8141 5.51 3.122 7.2\ 3.
0.235 7.382 0.05 0.05 1.8225 8. 12 3.087 7.1. 3.
0.2" 1 .382 0.05 0.08 .8583 8. 84 3.071 7.08 3.2
0.282 .383 0.08 0.08 U817 8. \ 20 3.048 7.01 3.21
0.308 7.383 0.08 0.08 2.0227 5 810 3.02\ 8.94 3.
0.328 .3" 0,0 0.07 2.00\5 53 2\ 2.888 8.87
0.n3 1 .3114 0.07 0.07 211782 83284 2.872 •. 0 3.
0.37' 7.388 0.08 0.08 2.1028 8.3008 2.M7 8.4
0.400 1 .385 0.08 0.08 2.\218 82 80 2.824 8. 3.
0.4" 1 .388 O.ot O.ot 2.\485 8.z5U 2.8O\l I. 1 3.1
0.447 1.388 0.08 0.08 2.1858 8.2381 2.878 I.~ 3.1
0.470 .387 0.08 0.08 2.1830 8.2207 2.853 8. " 3.

Sect/on J Flow .""""",r_ CumulotlWl rima OlDlilkll 00 NHJOOU c:aoou roHOOU.-
010/""". mIIIJ, (c(,l ldayj I",.J I" U I 1m U

11.•1 11.400 11.00 O. 2- :I.
11.48 17.443 O. 0.. 2. • 2 :I.
0.82 17.443 O. O. 2.7
0.84 17.444 0.0 O. 1 2. .3 3-
0.88 11.444 0.0 0.11 2.1 80 3. 3. 1
0.118 17.448 O. 0.12 2.1 124 8. 3.8
0.81 17.448 0.03 0.12 2.1583 2. '.18 3. 7
0.83 17.448 0.03 0.13 2.\488 '.12 3.

f--- 0." 17.448 O. 0.13 2.\424 '.08 3.3
0.88 17.44 O. 0.14 2.1348

I
'.00 3.:

0.71 17.44 O. 0.1. 2.1284 8.: 3.:
0.73 17.44' O. 0.18 2.178 '.1 3.2
O. 8 17.44' O. 0.18

I
II.: .0 3.:

0.7' 17.448 0.08 0.18 8.:

I
3-

UO 1'.44' 0.07 0.18 2. Ul .1 3.2
0.82 lU50 0.07 0.17 2. 7M U288 8. 3.8
0.88 17.450 0.08 0.17 2. .3373 3.

-' 0.87 '.4111 0.08 0.17 2.1 .3481 2.7' 3.18
0." 17.481 0.08 0.1' 2.0473 .3880 2.7 3.1•
0.92 17.482 O.ot 0.1' 2.0381 .310: 2.72 3.12
0.114 .482 O.ot 0.18 2.024i .38111 2.70 3.10

"~I&dbyA.D.E M
11/2612001 QpotSllll &Valey Cfetk WlA (&I!Vner·F&Wj. Nov 2001 UMJda Page 4otl4



Vallay Creek WWTP
OpouumIVtllley Creek, J.""rson County

Wft!!QUllity
Steady-State Stream Model

May· November Modal
Fend W Use Classification

Sflcr/on~ Flo.. Sed"",r""" C~T"'" 01 ",,1Ic/f 00 NHIOOlJ caoou roNOOU____,,··w~

.. Di.iMC.TmHer., (c~ (davl I_I

.1 :W
(1fItIN

0.84 - t1. eao o"t • 3.tO
0.91 17. 0.01 0.18 3.09
0." 17.4 0.01 0.20 2. Ut 3.08
1.02 1 .4 0.02 0.20 2.1~. .22 3.04
1.04 H.4M 0.02 0.21 2.1881 S.11 3.02
1.01 17.4~5 0.03 0.21 2. 2. 8. 1 3.00
1.08 1.485 0.03 0.22 2. U!!9 l 0.0 i.n
1.12 lUDe 0.04 0.22 0.01tO S.O 2..
1.14 1 .458 0.04 0.23 0.11II0. 4. 2.84
1.11 1 .457 0.05 0.23 0.0 2. 21 4.1 2.82
1.20 17.451 0.05 0.24 8. 2.102 4. 2.
.2" t1.408 0.11II 0.25 4.• .182 4.'

------- 1.25 17.4118 0.11II 0.25 4. 83 4.7 2.

---"--- 1.21 17.458 0.07 0.29 4.1 7 3 4.70 2.
1.30 1. so 0.01 lUll l.w1S 4: • 124 4. 2.
1.32 11. ,00 0.09 U1 i.lI3oo 4.S ee .111II 4. 2.91
1.35 17. SI 0.09 0.21 2.5510 4.1518 U87 ;1.80

1-------- 1.31 1 . 1 0.08 0.29 2.0101 4.837. 2.388 4. 2. •
UO IT. S2 0.09 0.28 2.11882 4.'184 UIlO .4 2.1.

1---. U2 1. 2 0.10 0.29 UOM 4.S021 2,332 2.74
us 1;. 183 0.10 0.28 U228 4.7eel 2,314 4.3 2.72

Sactlon .- Flow s..,lJonrlm" ClImu8IIv. Time OJ DO NHIOOlJ C.80OI1 TONODlJ, ---·,---OI._it......j---···- <:1,1 I_J I_J

:\I '''' I'"
1.411 'Aa'S 0.11II D." I 4.S7 z.,,,
1.51 1 '.410 0.01 D.• 4.1 .a 2.88
1.51 .4n 0.02 0.32 U 2: IJt .18 2.84
1.63 '.488 0.04 0.33 2.4014 0.00 2, .. .N 2.51
U8 17.482 0.05 0.34 2.3438 S.OSH 2.81 US 2.&7

----- 1. 5 IT. 00 0.08 0.35 2.2t08 8.1 2. 128 3.ee 2.03
i.el 11. 01 0.07 0.38

I
11.188 2.' 189 3.78 2.'8

1.81 IT. 14 0.09 0.31 8.24 2.084 3.8 1.48
1.83 IT. ,22 0.10 0.38 5.30 2.020 3- 2.42
U. IT.S 8 0.11 0.40 5.3S UN 3- 2.3.
2.05 IT.537 0.12 0.41

~!i
1. .1 2.30

2.0 1.1144 0.13 0.'" 1. 7 O. 1.20 3.3 2.32
2.16 ·.1I111 0.14 0.43 1 .088 .. 28 2.21
2.22 US8 0.111 6.45 US28 1. 87 117 2.25
128 7.8. O.IT 0.4S 1.8148 .883 1. 7 3. 2.:
134 '.813 0.18 0.47 • '11 . 02 1 2.1
2.40 11.581 0.18 0.48 1.7302 8. 17 .1 7 2. 2.1

-- tn· ' '.lI81I 0.20 0.48 1.I1WI o. ,. 2. 2.1
'.lIn 0.21 0.&1 1.8S12 8. 7 2. 2.Q

f-----.-----rn----~--' 17.803 0.23 0.~2 1.8 35 II. 83
~E

2. 3 2.011
2.114 - IT.810 0.24 0.113 l.oTlo o. 8 187 2.03

Prepared by AD,E M
1112612001 Opossun" V*f QftI( WlA (&mner.F&W), Noy 2001 UMlds Pallel'> 01\4



V.lley Creek~p
Opos,umNe".y Cr.ek, J.fferson County

WaJec QuaUtv
Steady-State S"Nm Model

Mey • November Mode'
Fend W Use Olasslficatlon

S8cll01l5 _ _ _ _ Flow I Section Time I cumutar,.•e TIme I 02 Oe"c/! I DO I NH30DU I CaODU I TONODU
DI.lance (mlle.J I (cfsJ (dsy) (dovl illNlllI illNlllI (IINIIlI imalll fmalll

2.$4-1 1'.8fOI 0.00 r-~ ----r--fl807~--~.___j .•sr__l_u1 I 2.03
2.88 I IDl3I--~ 1----0:13-'- 1.eo:n--'----r.me-.l.t44 12..... - .-----2.02
2.8e--- I 17:8181 o:or- I 0.54 I 1.8244---' -----ntH -- I - U33 I 2:82 ( 2.01
ur-------------r-lfNl o:or- I -- -0.04 -,- -- 1.1451 I •.1103 --.-{TU-_ I - - -Ut --r-- - 2.00
2.t3 --, 17.821T 0.02-- I -, U5 I una -1 - -r.tS02 I Ul1 I Ut I - 1.8t
2.15--1 17:ez41 0.02-- 10:&& r- 1.1847- I 1:1301 I 1.800 IDa -, 1-- -1.88
~.71 I 17.5271 0.03- I '-----O'8e----r- 1.7035 I 5:n20--' U.if I --2.112 I 1.81
2.T9--------rn:l3Ol --~ I --0:88 -.-- U217,' 5."~--'-- 1.578 r '--'2.&0 ,'- 'Ue
2.lr----- -------. f7.JfZI o:or- I ,n -OTe --T-- 1.nlr~- urn I 1.K9 I -2.41 -.----- 1.85
2.84 - i 1U38 T 0.04 I 0.&7 I 1.7882 I 8.e883 - I - 1.588 I U8 r--- 1.84
2.88 --i- 1t.t13'-T 0~04- I 0:&7 1-- 1.7728 -I 042. - ,- 1.e.ce I -,.4, -r- 1.82
2.89-~f1.840-1 o:os- I ---iUI ,- 1.7883- -Ium- ,- U38 I -HI - '--.-- 1.11
2.10 __ n __ -------. ..Tf.1431 O.or- I -----0:58- I ~-T ---nm-T--UHi ~--~ U~

2.•3----' --1.8f
UI ...

9 m
2.9 1."
3.0'-- - -o:eo 1.18
3.04.8 1.
'.08 0.' .

l.- ""'.""09<--___ O. 1.82

Section tI
--- n,_ Flow I Sec//onTlme I Cumll"'''.eTlme I 02 Oe"c/! I DO I NH30DU I CaDDU I TONODU
DI.lance (iiilIeSf I fcfsl fdayJ fdo.1 fmal/} fmaAJ fmal/} fmal/} fmal/}

3.08 I 18.2&\ I 6.00 ,-------m I 1:H11-,' a:4tr.- -r-':381--. -----r.zo- -~-- , '2:0&
3.17~-- 1~ - 0.02---0.84 -- - 1.e84T 8.&334 1.30r 2,1' ·~t05

3.28 18.284 0.04 0.55 1.8200 5.8880 1.231 2.18 2.04
3.35 8.1111 0.05 0.87 1.7573 5.8801 1.17i 2.13 2.04
a.44 lB.3 3 0.07 0." U884 5.7218 1.120 2.11 2.04
3.53 19.328 0.08 0.71 1.8374 5.7808 1.088 2.01 ~.03
3.82 I 18,342 I --o.rr- I 0.73------. -- 1.88021 -&:83"'--I-rnr-T~~~--2.03

:m---~------'-18.3&7 I O.rr- I -----o:r4 -.- 1.$2&0- I 5.•t21'-- T - o:eeeT --~ -----.-- -- 2.02
3:110 ··------r18:3f1T . ---o;u-- I -----0.78------.- 1.4718-- -1 -0482 1- o.•fI T ---yor---.-- _.2:02
3.89 I 19.3t8I--0.1-8_ .. I ---o:T8---.--- 1:4201- I Utn I 0.81'-- I O' 1---- 2M'

-4.er----- I 10,$18 I .---on- I 0.... ----' 1.0»8 -1 t:3831-- ,- O.m _ I -T.'II -I--Ue
1- 4.78 ::.==r= rmrT ~ I 0'"=1=-o.t"7 -\Ul88-- '-0:183 F==m==l--Ue =l

4.87 18.848 0.38 0." 0.8881 U82A u2i 1. 8 . 8

II

Prepared by AD.E.M
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V.II.y ere.1e WWTP
OpoSBumN.lley Cre.k, Jefferson County

WIt" Qy.'Ux
Steady-Stat. Stream Mod.,

M.y • November Mod.1
Fend W Use Classltleatlon

Section 7 Flow SOCII01l Time CumullJllve Time 01 Deflcll DO NH300U CaODU TONODU
I./anc. mile.} (e'.' (</;Iyl f</avl {mtJIIl {maAl

{n ""
{maA} {maA/

--- 4.87 lU4& 0.00 0." 0."114 U5204 O. 2t U8 ...
4.80 ,.aa 0.01 0." 0.1808 ueoe O. 2 US 1.8

----- 4.13 us 0.0 0."

I
Ue81 o. 1.74 1.117

4.85 1 .55 0.02 0." U77. 0 1.7. 1.17
-_. Ui 1 .5 3 0.02 1.00 1I.4u8 II. 1.73 1.9T

5.01 1.1I118 0.03 1.00 11.•1142 II 1.73 1.87
8.04 '.aT 0.03 1.01 0.' U020 II 1.72 1.87
8.07 .8 0.04 1.0 0.8l0ll Uloe I.Tl 1.9T_. 8.08 18.582 0.04 1.02 0.1021 U187 0.4 S 1.117
5.12 11.588 0.00 1.03 0.BII48 U288 0.487 .TO 1.98

~-
8.18 lU9t 0.0. 1.03 0.8887 8.5347 0.480 1.TO ue
S.l' 18.888 0.08 1.04 0.8788 e.5428 0.454 t.88 1.8e
a.2 11.800 0.07 1.04 0.:!!08 8.5504 0.448 1.88 1.88
US lU04 0.07 1.05 ---o:mr- U582 0.442 1.88 1.88
5,28 11.808 0.08 1.08 0.8555 8.5858 0.438 1.87 ue
8.28 11.813 0.08 1.08 .:.. ___ 06478__ . U735 0430 1.87 1.88

i--. 5.32 lUI. 0.08 1.07 0.11404 U810 00. 1.8 1.
i--- 5.35 11.822 0.10 1.07 0.'328 Uee5 Q.418 .8

5.37 lU27 .tl0 1.08 0.8255 U958 0.413 1.8 1.8
UO lU32 o:rr-- 1.08 0.8182 U032 0.408 1. 1. 5
U3 18.838 O. 1 1.08 0.8109 8,8104 0.402 1. 1.

SectJon 8 F/fYN SecI/ooTl_ Cumu,"," Time D'OtIk/l DO NHIOOO C'ODU roNDDU
/eltl fdtwJ fdtwl

I
fmtI#l (mam f__. 1.43 19.1'1 0.00 UI =8 ".8 ,.

a. 1...204 0.01 1.10 O. 1.83 1.81
II. 1...32 0.02 1.11 0.'144 1.88
8. 8 1...40 0.03 1. O. 38 D.~1 1. 1.88

-----.- 5. 18.148 0.04 1.1 0.7 34 "'288 UIIII 1. 1."
5. 18.155 0.05 1.• 0.731 e.8398 0.381 1.118
5.72 ,..... 0.08 1. 8 0.7 29 8.1501 D.~83 I. 1.u

-- &.17 8.9T: D.DT I. O. ;29 e.1I801 0.348 1.87 1."
U2 .810 0.08 1.17 0.782t 8.1701 0.338 U7 1.87
&.117 I .898 0.08 1.18 0.743 8.17.. 0.331 UI U7
U2 -- 1.888 0.10 1.11 0.73 8.1888 D.~24 1.88 1.87
5.91 .003 0.11 1.20 0.7 8.8tel 0.318 U4 1.87
e.02 20.011 0.12 1.20 0.71 1.7011 0.31' 1.87
8.07 20.018 0.3 1.21 0.7U 8,7nl 0.305 1. 2 1."
1.12 20.027 0.14 1.22 D.e880 8.7 0 D.2111 1.
e.l' 20.035 0.14 1.23 0.'", .. D.2t13 1. 1.
'.2 20.043 0.15 1.24 0.•7.0 8.7 8 0.2'7 1.
11.28 20.051 0." 1.2& 0.ee83 '.87 0.282 •• 1
'.~1 20.059 0.17 '.28 0.8808 8: un
8.38 20.087 0.18 1.27 0.8521 e. 0.271 1.7 1.85
8.41 20.078 0.18 1.28 0.11438 8.782 D.288 U8 1.88

P/'t1Iartd by A.D .10.1,1
11/2612001 0j)011lIlI & ValeyCreeic WLA (SImnet'.F&WJ. Nov 2001 VAA ldI Page 70/14



Valley enell WWTP
OpossumNalley Creek, Jefferson County

Water Quality
Steady-Srar. sr,.,.m Mod.'

May· November Mod.'
P and W U•• Clalllflcition

Section 9 ____ _ __~ _ Flow I SectIon TI"", I CumulatIve nme I 02 aenclt I 00 I NH30OU_ I CB_OOU I TONOOU
DI./arlce (mlleal I Ma) (day) (day) (maA) (maA) (mgI/) _ (mgA) (maA)

Ul---~----I-mm '---0.00 I 1.28 ----r 1.32111 I '.1032 I ---rue r 1OlO--1-~1.1O

•.4r----~~.8eo--,-- 0.01 I Hi I 4 "'IM , in... I un ----.-- - 1DII7 ,-- ~ '-111.._- ..~. -- _.- .-- .._-
'.'I-~~- .
« ~

-'.17
&.8'

.85
m-~ I 11";'1 Fl·04-==j= 1:32--- F-1m7 F-um- F-=f.m-f- 10:37- T tt4
:3 n. 1~.04 1.32 1.7481 Uno . 10.33 '.n

Iff- ~------r~-r--O.or-r US I 1.78t1 I - 8.8274 -- I 1.807 I 10.30 I '.13

Of~~- Ut
. .11
• a~

.10 U7
I I I

Section 10

7.211 - -15U84 - ""--0.01 1. 2.2870 .18841 1 sr-r-------.:et ,-- -- I.
7.3 l~uell O. 1.4 2.23841 .1.80 1. • II.
7.3 181.8112 0.0 1. 0 2.2208 ~' 1. II.M •.V~
7.3 181.e" O. 2 1. 2.2028 . 0 1 11.81 '.03

.4 1n700 0.0 1. 2.1880 .• 1. 7 e. II 8.02
7.4< I~H~ O.O~ 1.41. 2Jlli ~ J., 114 II.~ 8.0.
1..7
7.80

~- 7.7
- 7.80 - - ~~-7.

7.83 Ue
~ .
1.811 7.118
7.72---- - 181.740 - c--O.oe -c-- 1:4s-- - -2.0221 -- 1I.403S- r-T.38r-- ~----'''a- - --- r.lT
7. • '111.7.1" 0.07 I.'" 2.11080 11."'8' .318 8.': 7.117
7.78 15'.7.A8 0.01 .4' 1.8833 8A: 33 .3. 8.110 7,"
7.112 151. 82 0.0 U' .11188 'M78 UN ...., 7.88
7.88 151.788 0.08 1.48 1~ ~4'~ t.343 jl48 _U8

Prepared by AO.E.'"
1112812001 Opo.SlIlI" valey creek Wl.A (lM'f1W·F&W). Nov 2001 UMllls PallO 8 0114



Valley Creek. WWTP
0po6sumNalley Creek, J.fferson County

Wft!! QUality
Steady·State Stream Model

May· November Mode'
P and W U.e CII8Ilflcltlon

Section 11 Flow Seerlon rime Cumulative rime 02 Dellelt DO NH30DU C80DU rONODU
DI./arn;e ",lie. (c'. (d.r) (dar) tnoA) (nil (ma111

f--- 1.80 102. 1. 0.00 1.•• If .4 1. '.14

----- t." 162.4. 0.00 ••• 1. .3 '.84
t." 162. 11 0.00 1.4 1. 3 1. 1.83
1.'7 152.4 0.00 ;.lIllI3 .3 A 1.'3
7.'8 152.47 0,00 1. 1 .•713 U8 1.3 .3' 1.83
1.19 162.4 0 0.00 1. 1.'132 • 1.83
1.18 152.48 0.01 '.'782 1.'3
7.80 162.4. 0.01 1.4 I.•nl · 22 8.3 1.•3
'.8' 152.483 0.01 1.41 1.&ltO · I .. 1.&3
,I ,.2.... 0.01 1.•1 1.9101 .....70 . t7 II. 1.83

1.82 182.484 0.01 1.41 1.8828 1.44 1 • 11 II. 1.83
1.13 182048. 0.01 1.47 1.9847 U432 · ,12 UI 7.8:
7.83 152,48e 0.0 1.47 ueee U41 ,. 10 •• 1.82
'.84 151.487 0.01 1.47 1.8184 U3t. 1.301 t. '.'2

7.85 181.418 0.01 1.41 1. ~2 8.4311 1.308 •• 7.12
7." 181488 0.01 1.41 1. 20 8.•311 1.303 I. 7.t2
ue 11.4&0 O.Ot ue 1. 3. 11.4341 1.300 II. 3 1.82
1.•7 112.•81 0.01 1.41 1. 158 0,41Z3 .2811 1.82

'." 112.•1 0.02 .4e 1. 14 11.430. .281 .32 1.12
---~_._--~-

1.•e 82,482 0.02 1.48 1.9181 8.4:zu .283 '.32 '.82
f.18 152.483 0.02 UI 2.0008 8.4270 ,.,., U '.It

Section 1:1 Flow Sectloll rime Cumulative rime OZOeffc/t DO NH30DU C80DU rONODU
DI.tanCil mile. Ie',) (dar) (da~) (I: rnaI/J "") 1m (mail)

u. 18204 3 0.00 1. 2.' . 210 1 •• 1.81
1.01 182,48 0.00 1. I 2- .4131 7.81
1.02 162.41 0.1 1. 2. .4008 .2 1.81
8.04 182.41 0.0 1. 8 2. .3110 · 7 1.81
8.08 182.8 0.0 I. UT .2 7.80
1.111 102.00 0.' 1.00
'.08 182.80 0.0 .1 · 8 •• 1.00
1.11 2.8 O.Ot 1.48 1.2 I. 1.10

------ 1.12 1 .80 0.02 .'0 1.2 1.88
1.14 I t." 0.02 1.80 2- I.:
'.1' 8 ,01 0.02 UO .2 I. .1
8.1; 1 2.81. 0.02 UO 2.4 .2 t.
8.18 1 2.018 0.02 1.50 2- .2 I ..
'.20 1 2.820 0.03 1. 1 2... .2' • t.
8.22 I. r.822 0.03 1. 1 2.7 .2488 .2 .4 1.

1-----
8,24 2.824 0.0, 1. 1 2.1tO 8.2318 · 3 .13 7.
8.211 2.82. 0.03 2.202 0.2280 1. .2 1.
8.27 2.•2. 0.03 1. 2,21 0.2142 1.20 ,--
8.21 1.830 0.04 1. 2 2:rnl '.2024 1.1 . 7
1.30 8 833 0.04 U 2-231 •.lt08 1.1 I. .1
8,32 1 UJ. 0.04 1. 2 2.24 8.1712 1.1 I. 7.

Prepared by AD,E,M
l1f2612OO1 Opo.SlIT1 & Valley Qeek WLA (&mner'f'&IIV). Nov 2001 UAA* Pege90! 14



Vallay Creek WWTP
OpossumN."ey Creek, Jerrerson County

m-ter OU"ltV
Steady-Stat. Stream Model

May. November Model
F and W Un Classification

Section 13 'Ifl.. s..,1OtI rlnMl C_lIfMW. rlnMl 01 o.1kIt QO NHIODfJ C800ll rONODlJ
r~---'~(miitiif·", (<:faJ (_vJ (dhil 11 ~ 1m It (m,fj

1.32 II 0.00 I.B2 2. .1 II.
U. 1 0.03 1.15 2.:. -J 7. 3
8.78 1 0.05 1.18 2.2 8 .1 -!: T.

---' 8.88 152.8 0.08 1.80 12802 .0 I. T.

11.20 15m' (7 0.11 1.83 2.2748 0

1
'78 0.177 8,48 7.7

8,42 lB2. 0.14 1.88 2.2843 • 0.834 8.31 1.8
8.84 15 . O. 1 1.1111 .2481 . 0._ 8.11 7.111
8.81 lB2.713 0.18 1.71 2300 0.8$7 1.0 T.1I2
10.08 152.73B 0.2.21 I o.lIn.n ·.B8
0.30 152.784 0.28 1. ~1l21l 0.781 7.1B 7.88

10.82 152.180 0.2 .1 511 8. 0.181 7.112 .83
10. 3 1B2.81B 0.30 . 71 II.S0H 0.734 ·.'B r.'B
10.85 lU841 0.33 1. 0870 8.331 7 0.708 1.311 7.41
11.17 I 0.35 1." 2.08118 0.311I1 0.... .23 7.43
lUll 0.3B 2.03311 UlII ~ 7.1 .3.
11.81 0.41 1001 U3 3 D. 7.3l1
11.83 0." • 5. O. 7.33
12.05 "2.1 0.4' . 5. 71 o. .7 7.30
12.21 IB2. 0.'" 1 8. 0 O. I .1 7.21
12.48 153. 2 D.52 2. 1. tI. 30 o. 7 . 2 .23
12. 183.045 0.88 2.0 lI.8 IIHI D. .20

Secllon 1" -- Flow S..IIonTInMI C-"'MITInMI O'Dltlh:f' QO HH#ODU caoou rONOOUOI._f_, (fi(,1 (.,,1 (Il "
l_

12- 113.0.1 D.oo :f!12. 1 153.05B 0.0 1. 84 T.l
12. 1 lB3.080 0.02 2. 1.1213
13. 2 111,.07' 0.03 1.8"10 7.7
1: . IB3.0811 0.04 2.1 1.1240 S O. 7.1
13,22 183.098 0.08 2. 1

I
7.10

13. 153.108 0.05 2. 8. 7.14
13. 183.1" 0.01 2. 7.13
13. 3 183.128 0.07 2. 1. 80 0." .11 7.12
13.8 183.1 0.01 2. 1.'011I 8. 303 7.11
13. 1B3.1 0.08 2. 'I 1I.1 1lItI1 7.
13.83 183.1& 0.10 2. •. I,. O. 4 7.
13.B3 1113.1 0.1 2. :1 o. 7.
".11' 1Bl17 0.12 2.18 .2 3 0.80 1.
14." 153.18 0.1 2.tt 1 I. 0.B03 .1 7.
14.24 153.111 0.14 2.0 1. O. .7
14.34 153.208 D." 2- .1887 O•
14." 153.218 0.18 2. . 843 O.
1U5 183.22' 0.1' 2. 1.1401 O. .7
14.88 1&3.238 0.1i 2. 1.11Tt O. 5.1 .01
14.75 183.248 0.18 2.25 1.0852 0.483 8. 7.00

"

~lIed by A,D.E,,",
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Vlllley c,.._ WWTP'
OpOJJsumIV.1I.y C,.&II, J.fferson County

Water Qual'rv
SteadY-Stat. Stream Model

M.y· November Mod.1
F .nd W Use CI.sslflcation

Sect/on 16 I Flow I Seer/anT/me I CumulallveT/me I 01 Deflclr I DO I NH30DU I CBODU I TONODU
Distance fmli_E (cIs) (da.} (da.} (mgHJ {mgI/J (mgII} (mgH} fmoAl

14.15 -1 - 184:08'-1- - 0.00 - I U5~- --U044 I "3421-T-0:4~--5.1' ,- 8.1,
14.10 -.:.:( llW.nrT- o:or--l==2l8- =T-- -US82 I 1.3... - 1--0.47• -1 s·n I 01
111.06 1&4.126 0.65 121 1.0110 i.dol 0.413 8. U5
lUl- -1 -104.138 I 0.64 I u. I o.8T751--I.48M-·I--0:4e.------.---T.I4-.----8)4

I lUe-_-=r1mnl 0.0. l UO F 0....23 T=t:.·mF3.. I 0.484 I m T -,:-.z J
lUll. 0.01 2.31 d101 _53 _ 0.410 U5 u1
lU1'--UI4.m I 0.0' I 133 ( 0."00 --~"13- I 0.458 I --8:40-- -1- 8.tt
102- -----'-154.100 I 0.01 I 2034 I um lUlU' 004111' U. I ----e:e.

1---- IHY =1- imF/- o:n - I ~ I--o:::r - RmFl 0.:: I :.31 I ----e·n J1'.1J 114021 0.12 131 o. 1 8.8412 6. .2i •.
-- 11.2.- -------riGFl 0.11 =i U' I 0.11r 1 ·'14'3 I 0.440 I 11.22 F==tJ) I18.43 ------'--'. 0.1 Do O.tl I .. I 8 0.437 1.18 1.82

lUj- -,--104.25. I 0.18 I 2.41 I 0.1410 I ...... I 0.433 I 5.13 1--.:tO
I ".W =f-~=r--o:lt---F-2:42-=f=o:7303-1 t!.m8f-0:430=F-- 8.0' -4=- -V, j

1.... . 164.2'2 ---o.1T-- 2.44 0.1148 '.1321 Un i04 '.78
I-- 1T.04 =rlu:n$l-~-F----ur--=--T 0.7003 ,-,.74"--- 1~i4 -T- --.:00 r O' I

1T.1' 104.506 0.21 iOiI 0.6... 8.1100 6.421 U' 1.7.
7.34 -- ----r15Oan-- o.23---r--.-~-.---~--l----':~.1------0:418 I -4.02 I 8.73
1.50-1 --1....338 I 0]4--r-~ ------r- o:t8~ --I •.7844 1------0:41.-1- --4.'7 I '.72

~_ Ins -:-=-33IDEt-m-- -----uo- us. 11.7.04 0.412 ----u3------..70
L-__ t7.80 1 . 81 0.21 S2 O. 11 8.8057 0.4 •.••

ISec.tlon ,. Flow _lion fhm> ClmluMllve TIme 01 Delk/l 00 HHIOOU CIODU TOHIJDU

r- ----iShlllnl:tlf!llllHr---- .1 {_I I 1/1 I hiI fl f-m
17.10 I.H' O.DlI 2. 11.. • .•
11... .3...0 .

I t7.'7 1 .378 .01 O. o. oe 7
".05 1 . 3 O. ..77 O. Ilr.I us
'.13 1 . Ito.O . O. • 0.103 . 8,88

18.22 . t7. 2. O. . O. 102 U
J-- 1t.30 . 04. 2. O. . • o. 00 ... •....
1-_ 18,3' . 2. 2. 0 31 . 0.311 ,.11& 8,83

18.41 18.. 0 5 • O. 181 1.12 5.83
lH& .428 0.0 2. 0."" 8. 78 O. ," 1.58 8.82
104- - 1 . 3 -o:or- -.2lI---ur-- . 1
1. 1.0. ~~ .
t8.80 1 ..... 0.08 10 .at
8.8 .4.0 .
17 . 8.8
10.05 .•8 . 1
1 .14 . 78 0.12 .u.
10,22 1 . 0.12 I.
11.30 1 AOI 0.13
111.38 -our -'u'4911--o~ r- ··ll8-T uet4 1----.:7810 10.383-' -4.31 1- e:
10.41- - -, i.UOS-T--~-_r_1l8-T-0....o---r_ •.1ur_ '-0.382. ---u,-rl.

Prevared by AQ.EM
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VIII/.y Creell WW7'P
OpouumN.lI.y Cre.#(. Jeffrlrson County

Water QU!,ltv
Steady-Star. Stream Mode'

Afay • November Model
F and W u•• ell..moatlon

Section 17 Flow 5.."/on Time Cumulallve TIme 02 Dellet, DO NH30DU CBODU TONODU
D/sralfCfJ mIles (c(s) (dav) (dav) (manl (manl (manl (fllll/D (man)

lU7 150.185 0.00 2.85 0.e784 e.7e20 0.382 4. 8.02
".78 leUle 0.03 2.se 0.7....7 e. 133 0.37' U '.eo
20.'0 ue.nO O.Oa a.IZ 0.'0111 8.lIe1l2 lI.na 4.20 11.41
2D.41 l1iUII3 V.1IlI 2.74 0.8582 UI18 0.372 4. 3 8.....
20.72 1850318 0.11 2.77 0.1200 .8311 use 4. ....,
21.04 "~ V.'4 2.10 v.ftlIa 1.4l111l1 0.3" 3. 11.3.
2'.35 '.atO 0.18 2.83 1.0150 1.....31 0.384 3.12 8,3821... 8 .41 0.11 2.88 1.0887 .4014 0.311 3. 5 8.33
21.111 1 "4'1 0.22 U8 ,01141 .;11133 0.3 8 S. UO
U211 1.41 v.25 2..1 1.128 8. 2114 0.3 3. 11.27
22.80 155.810 0.27 2.84 1.11114 lI.m2..8 O. 8.24
22.8 18a.M3 O.;1V 2.lI11 •'101 II. 3. I 11.22

- 23.23 185.878 D." 2.88 1.2181 8. 3. 3 •.1'
23.84 155.808 0.38 3.0. U3lIa 8.2 3. 8.18
23." 11111.840 v.38 U5 .28114 •.11 5 3.4 0.14
24.17 185.1173 0.41 3.07 1.27.1 •.17 1 O. 3 33 •.11
24.48 188.708 0.44 3.10 1.211" e.l .34 3. • e.o
24.78 188.738 0.47 3.13 .3102 8.14 .33 3.24 8. 8
28.10 188.770 0.4' 3.1. .32211 •.13 ~3 .337 3.1. ..' 3
25,42 185.803 0.52 3.1. 1.3338 •.12 .338 3.13 8.
28.73 leU35 0.85 3.21 1.3430 •.11 .3" 3.07 a.1 8

Sectlon18 Flow Sec/fonTlme CumulallveTime 02Delle/l DO NH30DU CBODU TONODU
DIstance mIles crs) (davJ (da fJ (tnIlIIJ (nnAI .!!!lI I) (mall) (maAl

25.73 5 .138 0.00 3. 1 1.34', •. 1181 ~ 3.07 8.18
28. 7 . 31 '.00 1.34112 O. 127 0.3 3 3.0 8.87
25.12 . a3 01 U81a 8. 10 0.3 3. . 7
28.88 . a. 1.0' ·.nn 1I,'11lt
28.10 . 52 .02 ·.aallz 8.10! 7 332 3.
2a. . 8 .02 3,23 .358a •.10 '.33
28. 8 0.0. 3.23 .HOT '.101 '.332 3.
28.0 8 .8 0.03 1.24 .312' e.

1
08t0 '.33' 3.0 5.1,

28. 55.' • 0.03 3.24 1.3851 O. .331 3.0 8.15
2 . 1 . 7 11.113 3.24 1.3072 1.331 3. I.M

e. 1 V.04 .28 1.388l . 28 0.330 3. .84
2 . 1 8~"1 0.04 3.28 .3 13 0.0808 0.330 a. 8.
2 . . 0.08 .28 .37~ r--t-------i0"'.,.,30r--t---n2.r---t------r.tt------1
2 . . v. 3.2' .nM . ~-I--7'lD.. :;::ID~_;---~2,f-__I-__..;::~---I
2 1.'114 v. 3.28 1.3773 •.0848 0.321 U7 . 3
28.38 1 5.... O. 3.27 .3711z IIi v.: 128 j
28.43 1."2 V. 3.21 .3." 11.1 D.: 28 :4:
2U7 1 .808 O. 3.27 1 3830 e.o78. 0.32' l2. 8.81
2Ul 185.810 0.07 3.21 1.31148 8.0771 0.328 8.11
2U8 18&.f15 0.0 3.28 1.3e.. U753 U28 8.'
28.80 185.11. 0.01 3.2' 1.3884 U73t1 0.328 U3 8.10

"

Pfellared byA.DE.M
1112612001 OpoHllTl & V.ley Cfetk WlA (&nmer·F&Wl. Nov 2001 UAAJdI Page 12 vI14



Va"ay Creek WWTP
Opo~~umNa"eyCreek, Jefferson County

Water Quallrv
Steady-State Stream Model

May. November Model
F and W Un CI.lllftcltion

Section 19 I Flow I SecllonTlme I Cumulative Time I 01 Dene" I DO I NH300U I CBODU
O/.tance (milO.) {e{,1 (clavi (clavi (mgJI) (mgAJ __ (mgJIJ {mg//}

rONODU

2Uo - - - - --I 157.3" --.-----0:00 I h. I 1.3847 I 1.0728' f---0:321 I 2.'2
27.oo~-·-- l&l.Ul 0.03 3."2 1.4073-- - t. O.m m. -- UI
27.40 1&1.'18 0.07 U' 1. 7 0.321 2.7.
21.10 I&UI4 0.10 3.3' 1.' 0.:1211 2.73

1-_ 28.20 167.853 O. 4 3.42 1. • 0.324 <loll
28.10 '87.&81 O. 3.48 U e. 0.323 2.t2
28.00 107.830 O. 3." 1. . O. •

I---- 2'.40 107.88' 0.: U3 1. 2 .
. 2"'0 .-.. Ifti .TOT 0.2 3.n 1.4428 . 2040

30.20 101.745 G.31 3.80 1.44111 . 2.40
30.10 111. 0.3 3.Il 1••382 . . 2.34

. 31.00 187.' 2 0.3 UT 1.•381 8.031. .31' 2.21
31.40 . 0.4 3.70 1.4314 8.0358 • 12 2024
31.10 . 0.4 3.7. 1.4281 8.0412 ,.:m 2.1

-- SUO .. . ~I 3.tt U1" 8.0474 O.:!!!.. .4,!

1 .
. 3

181.0.2

.T
JO
iJ7
.M
f.if
l1fu.
!!1
8,48

34.80-- -- ---~·I--~ I 0.81 I 3.'. I 1.3882 I ~il.OIIO ur----oJOO--r·- 1."-- 1 e.

Section 20 I Flow I Secl/on rime I Cumulative rime I 01 Delle" I DO I NH30DIJ I C80DU I rONOOIJ
61.",nee {mile,} (c{sl (clavi (cIav) {1IIfJ/I1 (man) (mallJ (mgll) (mgII)

34.00 ---'- I 15it.' I 0.00 I UI I UT3. I 8.011O I 0.300 r- 1." I U8

3ur - - --~I '1l8.248 I ~H ,:05 I ;:3813 I e:;F4 I un f=- f:n- -.--- 0.22
'. 4.08 USH iJ t
~--~ -~~--. ~~"I'6If

34.n- ----- 18'.1 2 0.0 3." 1.3718 '.1008 '.28 1..7 5.21
SUi 158. 85 0.02 '.00 1.36.. 60 028 .2 U. ue
35.0t 158. 8 0.03 '.Ot 1.3677 '.104' .28 1.88 Uft
35.18 118.2 2 0.05 4.V2 1.3858 ". 070 ).21 1.84 8.24
35.28 I58,j3' 0.08 "". .31311 • 101' 1.28 ... A'

I- 3T·2f--FlIrnFF0:22~ 4·r f Hill I s·1a; -~--O:SJ I 1.70 I 8:_. 31.3S·1 .•3 6.25 4.1.T.1 0.288 U. '.08

~reUbyAOEM

1112&12001 OpoSIUll & Veley Creek WlA (8Imner·FlW). Noll 2001 UM." Peve 13 ol14



Valley Creek WWTP
0poSBumNallay Creak, J.fferson County

Water QuafIIv
Steady-Stare Strum Model

May - November Mode'
F and W Use Cla.llftoatlon

$tl:tlon 21 Flow , ...lIon 1m.. CumIIloIw. 1m.. Olo.tlclt 00 NHJODIJ C'OOO I J'OHoDu
t--"-~_· -01Oti,fC;oc,jjj/;;r·~-·- - tel.' flt fd " In 'II imam i~l I

3: .31 1108n •. 1 I. O. l.U 8..
3 .74 180.851 O. 3 •. 1. o. 1.'
3'.14 ItO.888 0.08 •. 1.3123 . O. ._ •.•_
3U3 180.12& 0.10 •. 1.303& O. 3 • B.OO
31.83 180.183 0.13 4.33 1.2848 O. 1 . • • ...
31.32 181.001 O.It 4,37 .2818 &. O. . 4.1&
1.7, 18·I.OJ8 0.'8 '.40 .2718 e.. o. I . '.n
0.11 181.07e 0.23 4,43 .2878 I.: O. 7 . 4.10
UV 111' .1 O.n 404& 1.21118 e.: O. UO ....
0.10 1& .1 0.21 4.10 1.2418 e. o. & I. U8
.21 1.' . o.s2 4.13 1.2404 .. o. . 4.83

•.88 181. 2 0.3' 4.1& . 311 o. I. 4.80
HOI 18' . 0.3' U' 1.2211 o. 70 1. 1 •.71
42.47 181.300 0.42 4.83 1.2 28 .,. O. JI U 4.

I 42.81 .J.!!!.38 0.48 4,88 .20l '.2700 O. 1. 4.
43.28 1if.3fi 0.48 4." 1.113. e•.2 O. 1.38 4. 0
4U& 181.413 0.&2 •. 2 1. 848 •. O. 1.3 4.
44.08 IliUM! 0.1l1 4,r1l ,. 782 e. O. .3 •.
..... 1111.487 D.1l8 4. 8 1.1 8.3073 0, 2 1. "
44.84 18U28 0.81 4.12 1.1 Ule8 O. 1 1. •. 1
48~ lel.:ID OM.. .!~ .1 U2eo O. 1.2 "

Preporedby A.OE.M
11126l2OO1 0p01llll1 &Valey Creak WI.A (Slmntr·F&W>. Nov 2001 UAAldI Page 14 of 14



Opossum Creek I Valley Creek Waste Load Allocation
December - April I A & I Classification

'"' ,I. USXWWTP
2. Koppers Organics
3. Valley Creek WWTP

2 ---4/1 \ I I· .. .::::::. .. ...=. .. .

7.00 I ,

3 00 ,· ..........1........ 4....11 ,

8.00

i 6.00 - 1

cf

~o 5.00

i
-a

CIJ
.!i~ 4.00 I 'r'-l.I-~t-A-­'" r-/il ---

45.0040.0035.00

.......... DIs.olved Oxygen Criteria

30.00

l.AJwer Vaney Creek

25.0020.00

Distance Downstream of USX, miles

15.0010.00

Upper Valley Creek

5.00

Opol5um Creek

2.00 I I \ " , I ' , I , I ' I I " II I I I I I I I I t I ! I! I I I0.00 I ' I ' , , , I ' , '-'--t



Velley Creek WWTP
OpotfsumNelley Creek, Jefferson County

Water Que/lty
Steady-St.te Stream Mode'

December· April Model
A and I Us. C/eolflcet/on

U.e (l0ll1 Sellle

solved Oxygen ConcentlaUon (mgll) (Opossum Creek)- 3.20
vad Oxygen Concentlatlon (mgll) (Upper Vallay Creek)- 3.59
ved oxygln Concentration (mgll) (Lower Vallay Creek)- 5.05
CBODu Concentrallon at End of Modlled Reach (mgll) - 7.20

Valey Creek WNTPE~ ConcIIOOI
CROD,. mg.1 NHrN. mg.1 TKN, mg.1

11.0 2.0 4.0

DemOtte

Dam Loelted II Be"""'~".~,.""' "'IWlter QUlllly Flctor - 1.80
Wllr DIm Coe«lcllnl- 0.80

eln WIler level(II)" 1.00

,..um Creek I Valle" creek Wa." Load Allocation· December·

EI3 Tributary Flows (cr.)
20.000 UO
O. 4.18

0.89
1.100 F1cf,yMlllplel 2.06 STeam !low C Veley CItek WNTP (cl.) I
3.000 1.00 238 24.347

G.BB. '.05 MInImum Dis

8.155 3.91 Minimum Dissol

7.00 8.97 Minimum OISlol

Headwaler Flow (el.) •
CBODU (mgll) ­

NH30DU (mgll) ­

TONODU (mgll) -

Headwater D.O.(mW!l -

HudWater Data
Ree.OIlon Ind•• (0) "I '0.000

M.an Annual P,e•. IP)" 80.000
Drelnoge Ar.e (MA2) "

TempIC',"
CHL-

Enler the Number of Sections - ~J
Totall.ng", (mIl81l). ~

Ent.r I .lIfnone. .J.

0 P TONODU C80DU NH30DU DO ro lo Temp. Drainage
Slid/on. (mllllJ (mll'/} (mllllJ fmll'lJ fef.J (Co) Ar.. fM"Z}

1.00 0.00lI 0.00 0.00 0.00
2.00 0.000 0.00 0.00 0.00
3.00 0.000 0.00 0.00 0.00
4.00 0.000 0.00 0.00 0.00
8.00 0.000 0.00 0.00 0.00
•.00 '.87 2.00 0.467 8.000 '.1' 20.00 0.00
7.00 0.000 0.00 0.00 0.00
8.00 4.57 2.00 0.487 '.000 0.'. 20.00 0.00
8.00 81.40 37.50 45.7000 3.000 0.00 0.00 0.00
10.00 0.000 0.00 0.00 0.00
1t.00 4.57 2.00 0.457 '.000 2.08 20.00 0.00
12.00 0.000 0.00 0.00 0.00
13.00 0.000 0.00 0.00 0.00
14.00 0.000 0.00 0.00 0.00
18.00 4.81 2.00 0.487 8.000 2.38 20.00 0.00
18.00 0.000 0.00 0.00 0.00
11.00 85.000 M.OO 4.07 2.00 0.487 8.000 1.85 20.00 lUO
18.00 0.000 0.00 0.00 0.00
".00 88.000 M.OO 4.07 2.00 0.481 '.000 3.tl 20.00 32.70
20.00 0.000 0.00 0.00 0.00
21.00 88.000 Be.OO 4.87 2.00 0.481 '.000 8.81 20.00 81.20
22.00 0.000 0.00 0.00 0.00_.

IJ '11,,.,.lto ...
ceODU NH30DU TOHODU DO t'Iow

Ii
Of0 DntInaPAree

SeclJolle flttGrtJ fmftIII flttGrtJ I: /mIII2}
1.00 D." e.• 1. :I2.00 3.000 0.08 e... 7.13 O. 28
3.00 II 3.000 0.88 ue 1.73 0.030 .000 0.00
4.00 3,000 0.'. ue 7.73 0.345 20.000 0.00
8.00 3.000 0.89 ue 1.73 0.128 20.000 0.00
e.oo 3.000 0.08 U. 1.13 0.304 20.000 0.00
1.00 3.000 0.89 U. 1.13 o.on 20.000 0.00
'.00 3.000 o.ee U8 7.13 0.188 20.000 0.00
8.00 3.000 0." 8.88 7.73 0.14' 20.000 0.00
10.00 3.000 0.89 U. 7.13 0.114 20.000 0.00
11.00 3.000 0.8. 8." 1.73 0.025 20.000 0.00
12.00 3.000 0." .... 1.73 0.089 20.000 0.00
13.00 3.000 0.89 .... 7.13 0.134 20.000 0.00
14.00 3.000 0.'9 U. 7.73 0.238 20.000 0.00
15.00 3.000 0.88 .... 1.13 0.305 20.000 0.00
18.00 3.000 0.89 8.88 7.73 0.1'7 20.000 0.00
11.00 3.000 0.'9 ue 7.13 0.181 20.000 0.00
18.00 3.000 0.'9 .... 1.13 0.101 10.000 0.00
19.00 3.000 0.'9 e.88 1.73 0.928 20.000 0.00
20.00 3.000 0.8. U. 1.73 0.311 20.000 0.00
21.00 3.000 0.88 .... 7.73 0.802 20.000 0.00
22.00 7.73 0.000 20.000 0.00

Prepared by A.O.E.M
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Valley Cree/{ WWTP
OpossumNalley Creek. Jefferaon County

Waf" Quality
Steady-St.t. Stream Mod.'

December - April Model
A end I Use C/e..fflcetlon

r::..I .... -~

III'_~ TOffODl1 PO
•..~.

~
pH ......t,.",HfP

SHIIon. t......tl 1......tI 1......tI t......tl 'c,., Iftlll4l (ftIII4l 1......tI

1.00 28.000 '.14 '.14 8.00 17.011 20.000 7.00 3.Of 3.27 2.00

1---'
2.00 37.800 .1.40 137.10 5.00 0.0587 20.000 0.00
3.00 0.00 0.00 0.00
4.00 0.00 0.00 0.00
5.00 0.00 0.00 0.00
8.00 0.00 0.00 0.00
7.00 0.00 0.00 0.00
8.00 0.00 0.00 0.00
'.00 33.000 •.14 '.14 8.00 131.500 2O'JWl 7.00 3.08 3.58 2.00
10.00 0.00 0.00 .. ./ 0.00
11.00 0.00 0.00 ./ 0.00
12.00 0.00 0.00 ./ 0.00
13.00 0.00 0.00 ./ 0.00

f.---. 14.00 0.00 0.00 ./ 0.00
18.00 0.00 0.00

T1KI mos' stringent of tINt
0.00

18.00 0.00 0.00 0.00
17.00 0.00 0.00 two IIa/UN will b. 0.00
18.00 0.00 0.00 Implement-d •• the 0.00

1--.. 18.00 0.00 0.00 dlecha,.,.lImlt 0.00
20.00 0.00 0.00 -- 0.00
21.00 0.00 0.00 0.00
22.00 0.00 0.00 0.00

Enter Section Characteristics (If none leave blankl
IBIJf1tnnlng Ending

~"7:::-
L.ngth A....

S'=~:'/l
AVII.g. Flow A.'~

Sectloos Ele•• (It) E/e•. (It) (millis) ,t••.im (el,> V.I. IfIIaec)

1.00 -. 4".000 4110.00 8.00 0.4700 4114.000 17.021 1••1l 0.31'
2.00 480.000 480.00 10.00 0.4100 485.000 21.277 lUI 0.312
3.00 480.000 478.00 8.00 0.&100 477.500 8.104 18.24 0.312
4.00 47&.000 4&5.00 20.00 1.1800 48S.000 18.807 18,43 0.314
5.00 455.000 482.00 3.00

I
45UOO ...,. 18.87 0.317

8.00 4&2.000 435.00 17.00 4tUOO 1.4.7 23.04 0.340
7.00 438.000 430.00 8.00 0 .• 43UOO 8.828 23.24 0.342
8.00 430.000 422.00 8.00 0.8 428.000 8.183 24.3 0.3&3
9.00 422.000 420.00 2.00 0.8100 421.000 20488 1&5.82 O.SOI
10.00 420.000 412.00 8.00 0.8300 418.000 12.8" 1&8.08 UOI
11.00 412.000 411.00 1.00 0.1400 411.500 1.143 158.1' 0.S08
12.00 411.000 4\0.00 1.00 0.3300 410.500 3.030 158.22 0.608
13.00 410.000 380.00 30.00 403800 38&.000 ...34 \5U2 0.508
14.00 380.000 382.00 IUO 2.0400 37\.000 8.824 18'.10 0.711
15.00 382.000 331.00 3\.00 3.0800 348.&00 10.184 1'1.78 0.720
18.00 331.000 318.00 13.00 1.8100 324.500 7.784 181.88 0.72\
17.00 318.000 288.00 20.00 '.2eOO 30&000 3.188 184.40 0.728
\8.00 281.llQO 284030 3.70 0.1700 288.150 Ue3 1.4.82 0.730
19.00 .300 280.00 34.30 OOסס.8 277.150 40288 \8U5 0.748
20.00 280.000 288.70 1.30 2.7500 288.380 0.473 188.17 0.787
21.00 288.700 288.00 3.70 7.8800 2&8.880 0.470 17U& 0.780
22.00 285.000 258.00 127.500 f1DlVlOl 0.00 IIDlVIOI

Pt'P8r.4 bV ~OEM
llf2l1!'2OOl 0p0uIJn &Veley Creek WI.A ('MnIer-A&I). 2001 UAA "" Page20r 14



Velley Cree/( WWTP
OpossumNe"ey Cree". Jefferson County

Water Quality
Steady·State Stream Model

December· April Model
A end I Use C/essmcetlon

RfllIct/on Re"slll 20° C Correct.d R.t•• III New T""'D.
Sections Kd KNH3 KON T. Coefficient RfllIlI1IUon Kd KNH3 KON Ave. R....raUon MIKed T.mp.t C)

1.00 1.300 1.80 0.80 1.311 IUI88 1.300 1.43 11.811 8.811 111.l1li
2.00 1.300 1.50 0.80 1.30 "'3' UOO 1.3' 0.80 8.83 20.00
3.00 1.300 \.GO 0.80 1.30 3.882 1.300 1.3' 0.80 3.88 20.00
4.00 1.300 \.GO 0.80 1.30 8.187 1.300 1.21 o.eO 8.87 20.00
5.00 1.300 \.GO 0.80 1.30 2.807 1.300 1.35 0.80 2.81 20.00
8.00 0.400 1.50 0.10 1.30 4.203 0.400 1.30 0.10 4.20 20.00
7.00 0.400 1.50 0.10 1.30 3.178 0.400 1.43 0.10 3.87 20.00
8.00 0.400 1.50 0.10 1.30 3.742 0.400 1.45 0.10 3.74 20.00
8.00 0.400 1.50 0.10 0.88 1.088 0.400 1.38 0.10 1.08 20.00
10.00 G.400 1.50 0.10 0.88 5.800 0.400 1.28 0.10 8.80 20.00
11.00 0.400 1.50 0.10 0.88 3.180 0.400 1.32 0.10 3.18 20.00
12.00 0.400 1.80 0.10 0.88 1.354 0.400 1.31 0.10 1.38 20.00
13.00 0.400 1.80 0.10 0.88 3.080 0.400 1.21 0.10 3.08 20.00
14.00 0.400 1.50 0.10 -- 088 8&20 0.400 1.31 0.10 8.82 20.00
18.00 0.400 UO 0.10 088 1440 0.400 1.42 0.10 144 20.00

_. 18.DO 0.400 UO 0.10 088 4831 0.400 1.47 0.10 4.84 20.00
17.00 0.400 1.50 0.10 088 1580 0400 1.47 0.10 1.58 20.00
18.00 0.400 1.50 0.10 088 1.370 0400 1.38 0.10 1.37 20.00

-... le.oo G.400 1.50 0.10 0.88 1.370 0400 1.38 0.10 1.37 20.00

f--- 20.00 0.300 1.50 0.10 0.88 1.140 0.300 1.38 0.10 1.14 20.00
21.00 0.300 1.80 0.10 0.88 1.140 0.3DO 1.38 0.10 1.14 20.00
22.00 0.000 0.00 O.DO 0.00 HOIVIOI 0.000 0.00 0.00 HDIVIOI 0.00

P!epllred by ADE.M
lfIZ6f2001 Opollllll &Veley ereek WLA (lMnter·A&I), 2001 UAAJdS Pallll30f14



Valley Creel! WWTP
OpossumIVlIl/ey Creel!, Jefferson County

Wat" Quality
Steady-State Stream Model

Model QutDut

December· April Model
A end I Use CIlJssmcetion

Section 1 Flow SecrfonT/me Cumulative Time O!Oenelt DO NH300U CBOoU TONOOU
D olllnee m leo (efs/ (dav/ (davJ (mgIIJ (mnAl (maAl (maAl

0.000 11,111 v,w V,VII 1.0111 ...21 2UG ••W

-~~-_.
0.024 .--- 18.118 0.00 0.00 Usel 1.848 8.802 24M 8,87
0-047 18.120 0.01 0.01 3.ot51 5.642 8.8,. 24.31 8,83
0.071 ".121 0.01 0.01 3.1'77 8.740 UM 24.1. UO
0.094 ".123 0.02 0.02 302.., U41 8.830 24.01 8.87
0.118 18.124 0.02 0.02 UlO3 5.047 Uot 23.17 ...,4
0.141 18.125 0-03 0.03 U50e •.457 8.482 23.T2 1.80
0.185 18.127 0.03 0.03 3,637f U70 1.451 23.1. 1.77
0.188 18.121 0.04 0.04 3.1'" UII 8.4,. 23.44 1.74
0.212 ".130 0.04 0.04 3.Il1O 1.201 1.410 23030 8.71
0.238 ".13' 0.05 0.01 3.7747 1.133 1.3. 23.18 ...,7
0.258 18.132 0.05 0.05 3.847f 5.010 U82 23.02 8.84

1---- 0.2'2 18.1" 0.01 O.ot U182 4.8" 8.331 22.8. 8.81
MOl 18.135 O.ot O.ot 3.8121 4.'2& 8.311 22.74 '.51
0.328 11.137 O.ot O.ot 4.0410 4.112 '.291 22.10 8.55
0.313 ".138 0.07 0.07 4.1050 4.802 1.2&7 22,41 8.51
0.378 ".'38 0.07 0.07 4.1822 4.748 '.244 22.33 ...1
0.400 18.141 0.01 0.01 4.2181 4.8., 8.220 22.18 1.45
0.423 18.142 0.01 0.01 4.2t83 4.138 8.187 22.ot 1.42
0.447 11.1" O.Of 0.0' 4.3175 U80 1.173 2U3 8.38

L--. 0.470 -- 11.145 0.08 0.08 ..,842 4.143 8.150 21.78 8.3.

Section 2 Flow SectlanT/me Cumulative T/me 02Oene/l DO NH300U CBODU TONOOU
DlClance mile. (dsl fdevl (dovJ (nHJIIl I-.AI ImnAl lmalll

0.4: 18.201 0.00 0.011 • 4.1141 8.404 21.114 '.11
f--- 0.41 18.202 0.00 0.10 ... 737 ".837 1.384 21.71 8.72

0.82 11.203 0.01 0.10 4.3101 4.130 1.H4 21.11 ....
!---~.

0.54 - 18.205 0.01 0.11 UII3 4.824 1.3.. 21.41 ....
0.11 lUot 0.02 0.11 403.,0 4.120 8.324 21.32 8.82
0.8' 11.20. 0-02 0.12 4,3848 4.111$ 8.304 2",. U.
0." 18.208 0.03 0.12 "'''' ...,4 1.284 21.01 U.
0.83 18,210 0.03 0.12 U •• 4.812 '.284 20.84 8.53
0.81 11.212 0.04 0.13 4.3113 4.'" 1.244 20.11 '.50
0." ".213 0.04 0.13 U881 4.812 ',224 20.11 1.47
0.7f 18,215 0.01 0.14 "'"0 4.1113 '.204 20.11 1.43
0.73 18.218 0.05 0.1" ..,111 ".818 8.184 20." 8.40
0.75 18.217 0.0' 0.18 4031,. ...817 8.184 zo.31 8.37
0.7' 11.218 0.01 0.15 4,3800 ...821 8.1.. 20.18 8.34
0.80 ".220 0.08 0.1' ...,110 4.825 '.12" 20.07 '.31
0.'2 18,222 0.07 0.1' ".3812 ".821 .,04 18,85 8.2.
0.85 11.223 0.07 0.17 4,3711 U35 '.084 lU3 8.25

c--- 0.87 18.224 0.01 0.17 403... 4.541 '.014 18.71 8.22
0." 18.22. 0.08 0.18 403131 ",547 '.044 18.18 '.18
0.82 18.227 0.08 0.1' useo HSI '.024 , • .47 '.1'
0.84

.~

11.221 0.08 0.18 ".,..3 .....2 8.004 18.854 '.13

"

I'f.paredb~ A.O.E M
11rz5flOOl Opo.SUll & Veley Qeell WLA (WrMr·A&I), 2001 UAAld!I Page40114



Vll/ey Creek WWTP
OpoSfJumNslley Creek, J."ertJon County

Wattr Quelltv
Steady-Stete Stream Madel

December· April Model
A end I U.8 CI...lftcatJon

Section 3 Flow Sect/anT/me Cumule".e T/me OIDe/lclt DO NH!ODU C80DU TONODU
Distance (ml"'e (clsl (da.) lda.J ImaAl AJ lmaA) ImaAJ lmaAJ

O.IN /1.221 0.00 0.11 1.31lO8 I. ..- 1•.3D •.13
0.97 11.230 0.00 0.19 4.4415 4."72 U83 1US '.10
0." 11.232 0.01 0.1' U28e U ... 7.181 ".'0 8.08
1.02 11.233 0.01 0.20 ".8181 402.. USI 1.... '.03
1.04 11.235 0.02 0.20 .....7. 40215 ..18 18.85 '.00
1.07 18.23' 0.02 0.21 ".77', ".135 7.888 18.73 7.'7
1.08 11.238 0.03 0.21 ....558 ".057 7.875 18.81 7.84
1.12 18.23' 0.03 0.22 4.8311 3.882 7.813 11.48 7.80
1.14 18.241 0.04 0.22 5.0040 3.808 7.832 18.38 7.'7
1.17 18.242 0.04 0.23 e.o748 3.838 7.810 1'.24 7.84
t.20 18.244 0.05 0.23 8.1427 3.771 7.7.. 18.13 7."
1.22 18.245 0.05 0.24 n087 3.705 7.7'7 ".Ot 7.7'
1.28 11.217 0.08 0.24 8,272C 3....t 7.7'" 17." 7.75
1.27 11.248 0.08 0.28 lI.3340 3.07. 7.728 17.77 7.72
t.30 ".280 0.07 0.28 U.38 U20 7.703 17.88 7.88
1.32 11.251 0.07 0.2. 1.4.,0 3.4'2 7.882 17.M 7.88
1.35 11.253 0.0' 0.28 8.8OM 3.407 7.881 17.43 7.'2
1.37 18.285 0.08 0.27 1.55.. 3.384 7.'38 17.31 7.5.
1.40 1'.288 0.09 0.27 5.8114 3.302 7.818 17.20 7.88
1.42 18.258 0.09 0.28 8.8810 30252 7.587 17.08 7.83
1.45 lB.258 0.10 0.2' 8.7018 3.205 7.87. ,.... 7.80

Section 4 Flow Sec/fonT/me Cumule"" TIme 01 De/lcl' DO NH!OOO C8000 TONODU
D sta""" mile. (els} (day} (da.J (maAl (maAl lmaAl (maAl (maAl

1.411 11.U. 0.00 0.2. 11.1128 3.208 '.1178 1.... '.80
1.51 18.278 0.01 0.30 5.1174 3.304 7.833 18.71 7.43
1.57 11.284 0.02 0.31 M210 U .. 7.480 lU8 7.38
1.83 18.311 0.03 0.32 5.4384 30488 7.44' 18.1' 7.30
U8 18.328 0.05 0.33 0,3..... 3.873 7.408 18.... 7.23
1.78 18.348 0.08 0.34 8.2.311 3.857 7.382 lUll 7.18
Ul 18.383 0.07 0.38 8.1'111 3.7311 7.320 18.44 7.10
U7 11.380 0.08 0.37 8.1020 3.818 7.277 18.20 7.03
1.113 18.3117 0.08 0.3' e.o243 3.8117 7.23' 14... U7
1.811 18.414 0.10 0.38 4.....1 3.872 7.182 w.n 8.80
2.05 ll.e32 0.12 0.40 ....1411 4.048 7.180 14.411 '.M
2.\0 ".4411 0.13 0.41 4.80211 4.118 7.101 14,27 8.11
2.18 18.488 0.14 0.42 4.7327 4.1" 7.088 14.04 '.71
2.22 , .....3 0.15 0."3 ".81142 4.28, 7.023 13.82 U5
2.2' 1•.801 0.18 0.45 4,8872 4.323 ....0 13.81 8.811
2.34 lUt. 0.17 0,4' 4,831. U .. 8.113' 13.40 1.83
2.40 11.835 O.tll 0.47 ......77 4483 ..... 13.11 '.41
2.4' 11.852 0.20 0.... 4.4081 4,818 8.884 12.88 8.41
2.52 11.870 0.2t 0.4' 4.343' 4.078 88t2 1 78 '.311
U. ".881 0.22 0.80 4.2837 ....38 '770 12.1. 8.211
2.IN 1U04 0.23 0.82 4.224t 4188 8.129 12.38 1.24

Prepared by A.D.E.M
11/2612001 Opollml" V...y creekWLA (Wnltr-Ae.I). 2001 UMlds P.1lI5of 14



Ve/ley Creelc WWTP
Opo88umNe/ley Creelc, Jefferson County

Wat" Qutlltv
Steady-Stat. stream Model

December· April Model
A end I Use C/esslncetlon

~

Section 5 Flow s../Icm rIme C",""",II~TIme O'Oetiell DO NH:JOOIJ C800U TONOOU

~-- llI''''''r€= ief.1 i_I I_I

I:
i_ t-

~,.... Il,llll II.D s:rft n .•
2.ee lUl0 0.00 o.e2 4.841 '.708 /2.11

-' 2.8. 18.817 0.01 o.e2 4.088 ...80 12.24 8.1.
2.71 1'.'23 0.01 o.e3 u.rs U311 U71 12.17 '.17".
2.73 18.830 0.02 0.13 4.043.7 4,484 8.111 12.10 '.11
2.711 1...3. 0.02 0.14 4.04.80 4.433 '.'32 12.03 8.13
2.77 18.142 0.03 0.14 4.1383 04.384 ...,3 11.8• 8.11
2.7' 18.148 0.03 0.11 4.1884 4.338 U84 11.88 e.o.
2.82 1"''' 0.03 0.11 4.8331 4.288 ...71 11.82 8.07
2.84 18.881 0.04 0.81 4,8785 4.243 8.1" 11.7. '.01
2." , ...18 0.04 0.58 4.1245 4.188 8.837 11.1. 8.03
2.88 18.874 0.05 0.58 4.7884 4.1114 8.818 11.12 8.01
2.80 --_.------ ".881 0.05 0.87 ".8113 4.111 8.489 11.55 11.8.
2.83 1....7 0.08 0.57 4.81133 4.08' 8.480 11."8 U7
2.'11 , ....3 0.08 0.57~_ .....42 ..,02. 8481 lU2 U8
2.87 ".700 0.08 0.5' _ .., 4.8342 3.888 8.443 11.31 8.13
2." ".708 0.07 0.58 4.8733 U4e 8.424 11.28 11.81
3.01 1'.713 0.07 0.11' e.o114 3.811 8405 /1.22 8.88
3.04 18.71. 0.0' 0.58 1.0485 3'74 8387 11.1. 5.87

r--'--' 3.0' - ".725 0.08 0.80 5.084. 3.8)8 8.38. 11.08 5.85
3.0' 18.732 0.08 0.80 5.1202 3.802 '.3110 11.03 5.83,,-_._,

Section • Flow s.."""rtmo C",""",IfIIeTlme O,o.noll 00 NH:JOOIJ C,OO/J TONOOU
DlfllIln /IIfHIt. 1.t tdtwl tdtwl i-.fJ

~;I.. 1J.l1IJ o.ft 4. 4._ .:
3.17 - 22. 0.02 0.'2 4.7451 4.182 1.17' 8.33
3.2' 2U22 0.03 0.'3 4.8844 4.333 1.07. ue ....
3.35 2U37 0.05 0.88 4.4808 4.47. 4.817 '.20 ....
3.44 2U52 0.08 0.88 4,3143 4.812 4.880 8.14 U7
3.53 22.... 0.08 0.88 4.1848 4.742 4.788 '.07 5.88
3.82 22."3 0.10 0.70 4.0811 ""88 4.883 8.01 UI
3.71 22.888 0.11 0.71 3.8435 4.883 4.to3 8." UI
3.'0 23.013 0.13 0.73 3,8318 8.085 4.814 8.88 •.14
3." 23.028 0.14 0.74 3.7247 U02 4.428 8.83 8.83
3." 23.044 0.18 0.7' 3.1228 8.303 .0.1 8.17 U2
4.08 23.05' 0.18 0.78 3.82.7 8.401 4._ 8.71 Ul
4.1. 23.074 0.18 0.78 3.4328 •.483 4.178 .... Ul

-_._--- 4.24 23.088 0.21 0.81 3.3442 8.882 4.088 888 ...0
4.33 23.104 0.22 0.83 302184 1.887 4.021 ...3 1.4'
4.42 23.120 0.24 0.84 3.1783 8.748 3.841 8.47 1.48
Ul 23.13& 0.2' 0.88 3.1007 1.82. 3.870 8.41 1.47
4.80 23.1.0 0.27 0.87 s.o283 8.100 3.787 8.3. ""7
4.88 23.18. 0.28 0." :U&lO 8.071 3.728 8.30 .....
4.7. 23.180 0.31 0.81 2.8887 '.038 3.8. 8.24 .....

--~---._--
4.'7 -... 23.1" 0.32 0.'2 U211 '.101 3.587 8.18 '.44

Prepareo by A.O.E.M
11/2812001 Opoaawn & Veley Qeell WlA (WlnIIr·A&I}, 2001 UAAlCIa P6~e ..1 \6



Velley Creek WWTP
OpossumNelley Creek, Jefferson County

Water Qu.'ltv
Steady-Stat, Stream Model

December· Aprll Model
A end I Use C/esslncetlon

Section 7 Flow S..,rlonT/m. Cumulative Time 02 o."ell DO NHJODU CSODU TONODU
D/.lene. mil•• fcf.1 fdlvl fdlvl {maAl fmaAJ fmaAI fmaAI

".81 23.1" V.W V.lIZ 8.1V5 S.UT 11.111 D.....

".eo 23.200 0.00 0.83 2.8015 '.11' 3.1... '.17 5.....
....3 23.205 0.01 0.83 2.71153 '.134 3....0 11.15 1.4..
U5 23.210 0.01 0.... 2.7811 '.1... 3.117 '.13 11.43
U8 23.215 0.02 0.... 2.7870 8.182 304... 8.12 11.43
5.01 23.218 0.02 0.85 2.7831 '.17' 3...71 '.10 1.43
5.0.. 23.22.. 0.03 0.85 2.7382 '.180 3...... '.ot 1.43
5.07 23.221 0.03 0.88 2.7253 8,204 3."28 U' 1.43
5.0' 23.234 0.04 0.88 2.711. '.217 3...04 '.05 1.42
5.12 23,238 0.04 0.17 U.7. '.231 3,382 U3 5.42
5.15 23.243 0.05 0.87 2.8..... 8.245 3,380 8.01 1.42
5.18 23.2... 0.05 0." 2.8108 8,258 3,338 '.00 0.42
5.21 23.253 0.08 0.88 2.8574 8.271 3,318 7." 8.41
0.23 23.2&7 0.08 0." 2......, 1.285 3.2" 7,88 11.41
5.28 23.282 0.07 0.88 2.8S08 8.2.. 3.27.. 7,85 5.41
5.2' 23.287 0.07 1.00 2.1 7 1.311 3.252 1.83 1.41
11.32 23.272 0.08 1.00 2.8041 8.32.. 3.231 181 11.40
11.35 23.27. 0.0' 1.01 2.5.,. 1.337 3.211 7,80 11.40
11.37 23.281 0.01 1.01 2.57" 8,350 3.110 1." 8.40
8...0 23.2" 0.0' 1.02 Un8 '.383 3.188 1." 8.40
5.4' 23.281 0.10 1.02 2.8530 8.378 3.1... 1.... 8.3'

SectionS f/ow s.ctlon 1'I1M Cumullrtlwl n- O'Def/cI, DO NHIODU CIlODU TONODU
1>II/ftI',ct'lliilJ.. (chI fdIwJ fdavl ,- I-

II.U :Lt.t.' D.lID I.Dl .. lI. '••3 -...
U. 24.1" 0.01 1.03 2.8501 '.311 3. .10 'U8
U3 24.1\17 0.02 1.04 2,5314 1.400 2."3 1.'1 8.31
UI 24.208 0.03 1.05 2.812. 1.411 2.181 7.85 8.35
U3 24.214 0.03 1.08 2......5 8.437 :II 7.82 8.38
8.87 24.222 0.04 1.08 2...782 1.488 7.4. 8.34
8,12 24.231 0.05 1.07 1.4110 8.413 1...7 8.34
8.77 24.23' 0.08 1.01 2.43.. 1.481 U24 1..... 8.34
&.82 24.247 0.07 1.01 2.4218 8.808 2.7.3 7.41 8.33
&.87 24,288 0.08 1.10 24040 8.827 2.783 1.38 5.33
&.82 24.2... 0.08 1.11 2.3883 • ....8 2.133 1.3. 5.32
5.87 24.272 0.01 1.11 2,38" 8.883 2.704 7.33 5.32
'.02 24.281 0.10 1.12 2.3811 8.880 2.878 1.31 8.32
8.07 24.28' 0.11 1.13 2.3337 8.888 2....8 7.28 8.31
'.12 24.287 0.12 1.1.. 2031... 8.818 2.817 7.28 8.31
'.18 24.308 0.13 1.18 2.1..2 8.832 2.8" 7.23 5.30
8,21 24.314 0.14 1.1. 2.2.21 ...... 2.8.2 7.20 UO
..28 24.322 0.14 1.17 2.2852 ..... 2.834 7.1' S.3O
8.31 24.331 0.15 1. 7 2.24'" 8.8" 2.507 718 5.2.
8,35 24.338 0.1' 1.1' 2.2317 '.700 2.480 1.13 8.2'
8,41 24.347 0.17 1.19 2.2181 171. 2...... 7.10 8.28

"

Prep.trtdby A.D.E.M
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Valley Cree/( WWTP
Opo88umNalley Creel<, Jefferson County

WI'" Qualltv
Steady.Stat. Stream Model

December· April Model
Aand I U•• C/aaamcetion

Section iii Flo.. Socr/anT/me Cumuler've rime 02Dellclt DO NH30DU CBODU TONODU
OI.lanc8(mllel ---- (cral (davl (dav) (1nGII) fmtJll) (1nGII) (mallJ

'.41 1e~_Mi V.W •111 J . e.... ••V1Ilt U ... •.04
8.45 185.154 0.00 1.20 3.1&70 &.178 '.044 28.80 8.&3
U. 1&5.182 0.01 1.20 3.84.& &.084 7.8.3 21.84 8.&3
8.&3 1&5.188 0.01 1.21 U380 4.884 7.842 28.7' 1.82
8.07 1&5.'78 0.02 1.21 4.0287 4.804 7.882 28.72 8.02
Ul 1&5.184 0-02 1.22 4.1173 4.81& 7.841 2U' 1.82
8.8& 155.8., 0.03 1.22 4.2051 4.72' 7.782 28.81 8.51
...11 1&5.8118 0.03 1.23 4.28111 4.841 7.742 2U& 8.51
U3 155.108 0.04 1.23 UT78 U5& 7.8113 28.411 11.50
'.77 1&U13 0.04 1.24 4,4827 4.470 7.844 28.43 11.50

-- 8.81 -- 1&5.120 0.05 1.24 4.8488 40388 7.5118 28.38 ...11
ue 15U27 0.05 1.25 4,8300 4.303 7.5411 28.32 .....11
8.80 -1&5.835 0.08 1.28 4.7122 4.220 7._ 28.28 ...11

-- 8_84 155.1142 0.08 1.28 4.7838 4.13' 7.453 21.20 8.4'
8.118 155.848 0.07 1.28 4.1742 4.0511 7.408 28.15 1.48
7.02 1&11,8&7 0.07 1.27 ....&38 U78 use 28.08 1.47
7.08 1&5.884 0.08 1-27 &.0328 3.800 1.312 28.03 8,47

- 7.10 15U71 0.08 1.28 o.tl0& U22 7.288 27" U.
7.14 15U7. 0.011 1.28 &.11178 3.7<45 7.220 27.112 U.
7.18 15U88 0.0' 1.28 5.28311 3.0&. 7.17& 27.88 8,48
7_22 155.183 0.10 1.2. U383 3.5.3 7.130 27.11 11.4&

Section 10 Flow SocrlonTime Cumuletlve Time 02 Denclt 00 HH30DU C80DU TOHODU
Dlltance mll.1 (cfl) (dav) (dav) (fIIJI!IJ {1nGII} fmtJll) (mllAl fmalll

7.22 15Ut3 0.00 1.28 e._ ;/.eVJ 7.130 27.81 8.U
7.25 1&5.1188 0.00 1.28 U032 3.831 7.018 27.78 1.4&
7.2' 1&'.005 0.01 1.30 8,2881 30888 7.087 27.72 11.4&
7.31 158.010 0.01 1.30 &.2288 UOf 7.038 27." 11.44
7.35 1&8.018 0.02 1.31 8.11137 3.7<41 7.008 27." U4
7.38 158.022 0.02 1.31 8.1&83 3.778 8.87. 21.68 U4

-- 7.41 1&8.027 0.02 1.31 M23S 30811 8.84<4 2U& U3
7.44 158.033 0.03 1.32 &.0.82 3.84& '.814 27.110 8.43
7.47 188.03' 0.03 1.32 &.0888 U78 ...... 27.4• 1.43
7.&0 188.044 0.03 1.32 &.0222 3.812 ...84 27.42 U2
7.&3 15e.o50 0.04 1.33 4.8.84 3.848 "'24 27.38 1.42
7.&7 1&'.088 0.04 1.33 48&72 UTT 8.784 27.33 1.42
7.80 188.Ofl 0.05 1.34 U254 4.008 '.784 27.211 Ul
7.83 188.087 0.05 1.34 4....., 4.0411 t.T38 27.2& 8.41
7.88 188.073 0.05 1.34 .....32 4.071 '.708 27.20 1.41
7.88 1&8.078 0.08 1.35 4.8328 <4.102 U78 27.18 UO

.._- 7.72 188.084 0.08 1.3& 4.1028 4.132 8.847 27.12 UO
7.78 1&8.080 0.07 1.38 4.TT33 4.181 8.118 27.08 UO
7.7' 188.08& 0.07 1,38 4.7442 4.180 ..- 2T.03 8.311
7.82 188.101 0.07 1.38 4.71&8 4,218 1.8110 28.118 U8
7.15 --- 188.107 0.08 1.37 4.8873 4.247 '.832 28.85 U8

"

Prepared bV AO.E M
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Valley Creek WWTP
OpossumNa/ley Creek, Jefferson County

Water Qualltv
Steady-State Stream Model

December - April Model
A and f Us. Cfasamc.tlon

Section 11 Flow Sec/Ion Tim. Cumu"'''•• Time 01 DeDe" DO NH30DU CBODU TONODU
lilenee m les lefsJ Ida.) (do.) AI (moIIJ (moAl (mgII)

'.811 158.181 0.00 4. 4. •.413 ZtI.8:l 8,34
7.88 lh.188 0.00 1.37 U8" 4,288 1.448 2U1 8.34
7.88 15'.18' 0.00 1.37 4.8730 4,283 1.440 2U1 '.34
7.'7 15'.n1 0.00 1.37 U785 4.25' U33 28.80 8,33
7.88 158.172 0.00 1.37 4.8800 4,2h 1.427 28... 8,33
7.'8 188.173 0.00 1.37 U.38 4,252 1.420 2U. 8,33
7.88 111'.174 0.01 1.37 U.70 4,248 1.414 28.117 1.33
7.80 111'.178 0.01 1.37 U804 4.2411 1.407 28.51 '.33

i---- 7.11 158.177 0.01 1.37 4."38 4.242 1.401 28.115 8.33
7.tIl 15'.nl 0.01 1.37 U.72 4,23. '.314 28." 8.33
7.02 1118.17' 0.01 U. 4.7008 U35 8.3.. 28.113 1.33
7.'3 188.181 0.01 1.31 4.7040 4.232 8.312 28.82 8.33
7.83 1118.1'2 0.01 1.38 4.7073 ".22' 8,3711 21.81 8.33
7.14 118.183 0.01 U. ".1107 4.22& '.388 28.•' '.33
7.85 '.'.,84 0.01 1.3. 4.71"0 U22 '.382 28.80 U3
7.85 '.'.188 0.01 1.38 ".7173 40218 '.388 2'.4' 8,33
7.88 118.1'7 0.01 1.3. ".7205 UI. 8,380 28.... 8,33
7.87 111'.18' 0.01 1.3. 4.723' U12 8,3.., 21.47 8,32
7.0. 111'.1" 0.02 1.3. 4.7270 U08 8,337 28.4. 8.32
7.1. 1118.1., 0.02 U. 4.7302 4.208 8.330 28.4tl 8.32
7." ltl8.182 0.02 U8 4.7334 4.202 U24 28.44 8.32

Sect/on 12 Flow Sec"onrlme Cumulo/I.e Time 01 Dene" DO NH30DU C80DU TONODU
D1.IiInc. milo. lef.1 (da.1 (do.) (maAI (manl (mgII) (maAJ (mgIIl

'.n le11.1ll V.W taB 4./:J3/ 4.lVl lUOM 1II.44 B.n
'.01 158.185 0.00 U. 4.Ttl84 4.118 8,308 2U2 8.32
8.02 15'.18' 0.00 1.3. ".7'21 4.153 8.284 28.40 8.32
'.04 15'.201 0.01 1.3. 4.8073 ".128 8.27. 28.38 U2
'.ot 158.204 0.01 1.3. ....3tt ".105 U55 21.3. 8,32
8.07 188.207 0.01 1.38 4.8557 4.0., '.280 28.33 '.31
'.08 1tl'.210 0.01 1.40 ....787 4.057 8.235 28.31 8.31
'.11 118.213 0.01 1.40 4.8037 4.033 8.220 28.21 8.31
••12 188.21• 0.02 1.40 ....21.. 4.008 8.208 28.27 '.31
'.14 15'.218 0.02 1.40 4.1511 3,885 '.181 28.25 8.31
'.tt n'.222 0.02 1.40 ....747 3.882 '.177 28.23 8.31
'.17 ltl8.225 0.02 1.41 4...., 3,838 '.1'2 28.21 8,30
'.18 15'.22' 0.02 1.41 t.0214 3.815 '.147 28.1' 8.30
8.20 158.231 0.03 1.41 8.0448 3.882 8.133 28.18 8.30
U2 151.234 0.03 1.41 •.0871 3.... '.11' 2814 8.30
U" 1118.237 0.03 1.41 8.0807 3."" 8.104 2'-12 8.30
'.25 n'.240 0.03 1.42 5.1138 3.823 8.080 28.10 8.30
8.27 158.243 0.03 1.42 5.13'2 3.'00 8.07. 28.08 8.21
8.28 151.2..8 0.04 1.42 5.1588 3.777 8.081 28.08 8.21
8.30 1118.U8 0.04 1.42 5.181" 3.7tlll 8.047 28.04 8.28
'.32 158.2111 0.04 1.42 UQ38 3.733 8.033 28.02 8.21

I'

Prepered by AOE M
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Velley CnNle WWTP
OponumNelley Creele, Jefferson County

Wlf!r Qualify
Steady-State Stf8fJm Model

December· April Model
A end I Use CI..slnce"on

Section 13 Flow Socllon Time Cumu,.I1ve TIme 02 OeRcl1 DO NH30DU CBODU TONOOU
Olshln"" miles 'cf.1 {da¥J fda¥J fma.1J 'ma.1J

8.32 158.251 0.00 1.42 0.: 3. :ztI.02 B.21I
8.114 158.288 0.03 1.40 U573 3.88& U55 25.74 8.27
8.78 158.328 0.0& 1.48 8.2.31 3,114' 5.883 2U8 8.24
8." 1158.381 0.08 1.00 5.3188 3.824 U18 28.1. 8.22
11.20 1&8.3.8 0.11 1.13 8,3337 3.808 U8& 24.'2 8.20
8.42 15U35 0.13 1.88 5.3388 U03 UOO 24.88 8.18
8.84 188,472 0.18 1.18 U378 3.105 5.048 24.38 8.18
'.88 1&U08 0.18 1.81 8,3288 3.814 4.103 24.13 8.13
10.08 188.1148 0.21 1.03 8,3131 3,828 4.183 23.17 8.11
10.30 16U82 0.24 1.88 U818 3,861 4.121 23.12 1.08
1M2 158.818 0.28 1.88 U848 3,878 4.484 23,- 8.07

f--.------. 10.73 158.eee 0.28 Ul 8.2334 3.701 40387 23.12 8.0&
IUS lS8.8.2 0.32 U4 8.187' 3.746 4,244 22,87 8.03
11.17 188.72' 0.34 1.71 0.1&88 3.7114 ••124 21.82 '.01
11.38 I58.reS 0.37 u. 8.1188 3.'28 4.001 22.38 7.88
11.81 168.802 0.40 1.82

It
3.871 3.887 22.14 7."

11.83 168.838 0.42 1.85 3.11. 3.788 21.81 7.84
12.0ll

"
188.81S 0.48 1.87 3.188 3.8115 21.87 7.82

12,27 18','12 0.47 1.80 4, 27 4,020 3.884 21.44 7.80_.
1148 188.848 0.80 1.82 4_ 4.073 3•• 21.11 7.88
12.71 188.188 0.83 U8 4,8188 4.127 3.381 20," 7."

Section 14 . _,__,~ "'- S""lIonT_ c","""","r_ OIOrIkft DO NHIOIW

i
T'ONODlI

DfI_'mllfN' '.ltl t'lMvJ {tlI/lI/8

it ,-
I2n V.W I." •.,zr r."
12.81 18....7 0,01 u. 4.10it3 4.248 7.88
lUI 168.008 0.02 U7 4.6808 40380 3,328 20." 7.84
13.02 188.020 0.03 U8 4.4118 40481 3.218 2078 7.84
13.12 158.032 0.04 1.88 403773 4.&73 3. 20.88 7.83
13.22 1&P.044 0.04 UI 4,2772 4.873 3. 20," 7.82
13.32 188.088 0.05 2.00 4."'3 4.181 30208 2084 7.82
13.42 lS8.088 0.08 2.01 4.0184 4.881 3.1711 20.47 7.11
lS.n 181.078 0.07 2,02 4.0012 4.148 3.148 20.3. 7.80
13.83 1&8.081 0.08 2.03 3.1188 &.033 3.111 20,32 7.80
13.73 . 1&1.103 0.08 2.04 3.1388 8.116 308tl 20.28 7.1.
13.83 188.118 0.10 2.08 3.7578 8.183 3.08' 2018 7.78
13.83 158.121 0,11 2.08 3,8828 8.287 3.031 20.10 1.77
14.0- 168.138 0.11 2.08 3.8110 5.338 3.003 20M -7.77
14.14 158.1110 0.12 2.01 3.8421 SAOI 2,8n 1'.88 7.78
14.24 18'.182 0.13 2.08 3,4788 U74 2.14. 18.88 7.78
14.34 158.174 0.14 20. 3,4122 8.838 2,821 , ...2 7.18
14.44 118.188 0.15 2.10 3.3811 U88 2.... 18.76 7,74
14.58 188.187 0.18 2.11 3.2822 U88 2.8.. 18." 7.13
IU6 168.208 0.17 2.12 3.2387 8.714 2.842 18.84 7.13
14.78 161.221 0.18 2.13 3.1813 8.181 2.817 18.114 7.12

Prepared by AD EM
1112812001 OpoS8tM'fl &Vlley Creek WI.A ('Mntar·A&I). 2001 UMJdI PI"" 100114



Valley Creel< WWTP
OpouumNelley Creek, Jefferson County

Water Qualltv
Steady-State Stream Model

December· April Model
A end I U.e C/ualflcetlon

Section 16 Flow SII<:IlanTlme Cumulative Time OIDe/lcIl DO NH30DU CBODU TONODU
D/lrenee milo. fcr.l fda"' {davl {maill {maill

'4.rll 0.00 2.13 II: 111.211 '.111
14.110 111.811 0.01 2.14 3.0753 U83 2.741 1'.18 7.111
15.01 ll1t.1I32 0.03 2.11 2.1720 1.887 2.701 18.08 7.115
15,21 111.847 0.04 2.17 2.87118 8.083 2.181 1'.88 7.84
lU8 181.852 0.05 2.18 .7881 8.172 2.123 1.... 7.113
lUI 181.1177 0.08 2.1' 2.7014 t.2118 2.1185 18.7. 7.82
15.87 181.813 0.08 2.20 2.8143 8.334 2.548 18." 7.11
15.82 181.708 0.08 2.22 2.5512 8.407 2,811 18." 7.80
15.17 181.723 0.10 2.23 2.4821 ...78 1475 1.... 7.68
18.12 111.73. 0.12 2.14 2.4180 8.840 2.440 18.38 7."
18.28 181.784 0.13 2.28 2.3511 ...81 2.405 18.21 7.57
18.43 111.7118 0.14 2.27 U021 UII8 2,371 18.20 7.68
Ill." 111.784 0.18 2.21 2.2501 8.708 2.337 18.10 7.65
18.73 181.781 0.17 2.2. 2.2005 8.758 2.305 18.01 7.64
111.8. 111.1115 0.18 2.31 2.11139 8.805 2.272 17.11 7.63
17.04 181.130 0.19 2.32 2.1089 8.84' 2.141 17.82 7.82
17.1' 111.845 0.21 2.33 2.0884 8.180 2.201 17.72 7.51
17.34 181.880 0.22 2,35 2.0213 8.121 2.17. 17.13 7.61
17.50 181.8711 0.23 2.38 1.1923 '.MI 2.149 17.84 7.50
17.es 181.811 0.21 2.37 1.8572 7.001 2.11. 17.45 7.4'
17.'0 1'1.808 0.28 2.31 1.1240 7.034 2.080 17.38 1.48

Section 16 Flow SlI<:tlon Time Cumulative Time 01 Deflcll DO NH30DU C80DU TONODU
D/llance mile. {cr.! {dav! fdav! {maAJ {mall! (mall)

'.80 111'._ 0.00 2.n 1.U34 11.311 r."
17.88 181.814 0.01 2,38 1.8348 7.031 2.014 17.31 7.47
17.87 181.823 0.01 2.40 1.1318 1.028 2.058 11.28 1.47
1'.05 181.831 0.02 2.41 1.83ee 7.028 2.041 11.21 1.48
18.13 181.839 0.03 2.41 1.8418 7.014 2.025 17.18 7.45
18.22 181.148 0.04 2,42 1.8434 1.023 2.010 17.11 1.45
18.30 181.858 0.04 2.43 1.1447 7.021 1.184 17.08 7.44
18.38 181.885 0.05 2.43 1.84l1li 7.021 1.878 17.01 7.44
18.47 181.873 0.08 2.44 1.8481 7.020 1.183 1.... 7.43
lU5 181.881 0.08 U5 1.8484 7.020 1.848 lUI 7.43
18.84 111.180 0.07 2.48 1.1484 7.020 1.133 1UI 1.42
18.72 181.... 0.08 2.41 1.8411 7.020 Uti 18.12 7.42
18.80 112.008 0.08 2.47 1.8455 7.021 1.103 11.77 7.41
18,88 152.015 0.08 204' 1.1448 7.021 1888 15.72 7.41
18.97 182.023 0.10 2.48 1.1435 7.023 1.1174 lU7 7.40
19.05 182.031 0.11 2.48 1.8421 7.024 1.850 lU2 7.40
1'.14 182.040 0.11 2.50 1.1405 7.021 1.848 lUI 7.38
18.22 112.048 0.12 2.51 1.1387 7.027 1.832 18.53 7.38
18.30 112.058 0.13 2.51 1.1387 7.u28 1818 18.48 7.38
18,39 182.085 0.13 2.52 1.8345 7.032 1.808 18.43 7.38
19.47 182.073 0.14 2.53 1.1321 7.034 1.7.1 lU. 7.37

I'
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Velley Creek WWTP
OpoasumNelley Creek, Jefferson County

Water Qualltv
Steady-St.t. Stream Model

December· April Model
A and I Use CI...tnc.tJon

Section 17 Flow Seclloll rim. Cumult"•• rime 02 Deflcll DO HH30DU C80DU TOHODU
o .tance milt. (cf.1 (da.1 fda.1 :II I_AI (IIHfAI (1IHfA1

111.•' lM.023 0.00 ~u: -r. T,ffa- 18,22 7.34

~~~-_.
18.78 lM.081 0.03 US 2.1035 •.m 1.727 18.04 7oS2
20.10 lM.0II8 0.05 U8 2.2472 8.725 1.180 1U7 7.30
20.41 lM.138 0.0' 2.11 2,3818 8.580 un 15.10 7.28
20.72 lM.173 0.10 2.83 U072 ues 1.182 lS.M 7.28
Z1.04 lM.211 0.13 2.18 2.8245 8.348 1.'1111 lU7 7.24
21.35

~

lM.248 0.18 2... 2.7338 8.231 1.111 18.21 7.22
21.88 lM.2" 0.18 2.71 uns 8.137 1.472 18.05 7.20

.- 21.17 1840323 0.21 2.74 2.1300 8.042 1.435 14.1. 7.18
22.28 lM.381 0.24 2.78 3.0177 UU 1.3.. 14.73 7.18
22.80 1840388 D.28 2.711 3.0880 U73 1.38& lU7 7.18
22.81

~

lM.438 0.28 2.12 3.1740 5.788 1.332 14,42 7.13
23.23 lM.474 0.31 2.M 3.2433 5.728 1.300 14.28 7.11
23.54 lM.I11 0.34 2.87 3.3070 ues 1.288 14.11 7.08
23.85 18U48 0.37 2.88 U8M 5.807 USB 11.18 7.07
24.17 lM.I88 0.38 2.82 3.4188 US3 1.211 13.82 7.05
24,4. lM.'24 Q.42 2.85 304871 &.lOS 1.183 13.87 7.03
24.78 lM.881 0.41 2.87 3.1117 U81 .117 13.82 7.02
21.10 lM.888 0.47 3.00 3.1517 8.421 1.131 13038 7.00
21.42 lM.737 0.80 3.03 3.5878 ues 1.107 13.24 8.18
21.73 lM.774 0.12 3.05 3.8187 US) 1.083 13.10 8.18

SflCtlon18 Flow s..:1Ion TIme C"",uIll"'" rime Olo.tkll

i::
NH~ODU c.oDU TOHODU

or.~7mlle'j tolti _I I. t_ -:IUS '''.rr. D•• 111D •••
21.77 lM.718 0.00 3.• 3.8287 n.08 8."

~

21.82 184.7M 0.01 3.08 3.8380 5.340 U77 13.08 8."
2U8 lM.788 0.01 3.08 3.8422 U34 1.07. 3.04 8.81
21.80 lM.784 0.01 3.07 3.MM U2. 1.071 13.02 U8
2U5 lM.788 0.02 3.07 3.8M8 U22 1.088 13.00 U8
25." lM.&04 0.02 3.07 "'&08 U18 1.088 12." 8.es
2U3 lM.&08 0.03 3.08 3.8884 8.310 1,082 12." 8.84
28.0' lM.&14 0.03 3.08 3.8723 8.304 1,080 12.84 &.84
28.12 184.11. 0.03 3.08 3.8781 1.288 1,057 12.82 8.84
28.17 lM.828 0.04 3.08

I
8.2'2 1.0M lUl 8.84

28.21 lM.830 0.04 3.08 3. 8.217 1.081 12.111 8.13
28.28 lM.838 0.04 3.10 tol 1.281 1.048 12.17 8.83
28.30 lM.840 0.05 3.1/1 S. U7S 1048 12,85 8.83
28.34 lM.841 0.01 3.10 37080 11.270 1.M3 12,83 ...2
28.3. 184.•• 0.05 3.11 3. 113 U.S 1.040 12.'1 U2
21.43 1M.... 0.08 3.11 3.71" 8.258 1.037 12.78 8.12
28.47 1M.... 0.08 3.11 3.721. US4 1.034 12.77 '.82
28.51 184.186 0.07 3.12 3.7270 U48 1.032 12.75 8.81
28." 184.870 0.07 3.12 3.7321 U44 1.028 12.73 8.81
28.80 1.....71 0.07 3.12 3.372 1.231 1.021 12.72 ...1

Prepor.obyAO.E.M
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Velley Creel< WWTP
OpossumNelley Creel<. Jefferson County

Wa'er QUll/tv
Steady-State StlNm Model

December - April Model
A and I Use aasalncatlon

Section 19 Flow Section Tim. Cumula,lv. Time 020.IIcll
I:':,.'

HH300U CBOOU ToHOOU
Ol.Ia,..,. m lit. Icf.1 Iell.' (ell., (maill I_AI (IIIDI!)

21.80 1.1.1111 0.00 3.12 3. 11.251 1.013 ,u.
2T.00 ,.1.13, 0.03 3.1. U84T 1.21. 0.810 12.30 8.83
2UO , ....T. O.OT 3.1' 3.7'88 8.188 0.... 12.14 8.81
27.'0 188.824 0.10 3022 3,8277 e.lee 0.848 11.81 '.7'
2UO ,.8.871 0.13 3.28 3.8e28 e.130 0.'28 11.82 '.77
28.eo ,.1.017 0.18 302' 3,8738 e.l08 0.808 11.8. '.74
2&.00 ,.8.0.3 0.20 3,32 3.8111 '.082 0.810 11.81 '.72
2UO ' ••.110 0.23 3,38 3.104. 1.078 un 11.3. 8.70
29.10 " •.188 O.D 303. 3.t183 •.08' 0.8!l5 11.21 ....
30.20 ,.1.202 0.30 3.42 3,8228 e.081 0.131 11.08 ••••30.•0 " •.24' 0.33 3.4& 3.1270 &.ose 0.'24 10.11 8.83

~.
31.00 1.1.21& 0.3' 3.41 3.8287 e.oee 0.808 10.71 8.81
31.40 ----_. ,.8.342 0.38 3.12 3.827. 8.088 0.7'" 10.83 8.5.
31.80 188.381 0.43 3.15 U24e e.o58 0.781 10.4' 8.8T
32.20 18....34 0.4' 3.88 3,8'81 •.084 0.717 10.3& US
32.80 , ......1 0.... 3.82 3.t113 e.o72 uee 10.21 8.83
33.00 18U27 0.82 U8 3.8017 8.082 0:J42 10.07 8.81
33.40 ,.UT4 0.&' U8 3.8102 s.o83 0.731 ..... ..48
33.80 188.820 0.8. 3.71 3.8771 8.108 0.71' ..., .....
34.20 , .....8 0.'2 3.7. 3.8.24 8.121 0708 .... 8.44
34.80 188.713 0.88 3.7. 3.....2 8.137 0.8.. 8.88 ....2

Section 20 Flow Section TIme Cumu"''',. TIme Olo.lIcll DO HH300U CBOOU TOHOOU
Dlstanc. mil•• Ic,., (cII.1 (ell., (mall, lmaill ImtJAl (maIIl (maIIJ

34.110 1111: 13 0.00 3.11 3.BlI1 11.137 0." ••4<1
34.74 188.72. 0.01 3.78 3.8452 8.144 0.8.. 8.82 8.41
34." 188.74& 0.02 UO 3.8387 8.180 0.'.' ..... 8.41
3s.o1 '.U1I1 0.03 3.*1 3.8320 8.187 0.8" ..... 8.40
38.18 ,.UT7 0.04 3.82 3,8203 8.184 0.'84 1.43 UI
38.21 ,.UI3 0.0& 3.83 3.8188 1.170 0.'" I.3B U'
38.43 18...01 0.07 U8 3,8117 8.177 UT' 1.31 U'
35.8. , ....24 0.08 3.8. 3.8041 8.184 0.'78 1.33 8.37
3&.T0 181....0 0.01 :U7 3.TI7' 8.111 0.72 1.30 8.37
35.84 ,.1.85. 0.10 3... 3.7808 8.1" 0."1 U7 8.3.
3U. 1.1.872 0.11 3.81 3.7.37 8.20. 0.81' 124 8.3.
38.11 ,.8.... 0.12 3.80 U7.. '.212 0."2 1.21 8,3.
38.28 , ....04 0.13 3.81 3.7.... &.220 0."1 '.1' '.34
38.3. 188.'20 0.14 U2 3.7'21 8.227 0.'88 '.18 8.33
38.83 1.11.838 0.18 3.83 3.7848 8.234 0.'84 1.11 8.32

3'.'. 18U82 0.18 3.... 3.7474 8.242 USl 8.01 8.32
3...0 18....8 0.1' U. 3.7400 U48 0.848 .08 8.31
3..... ,.11.884 0.18 3.17 3.732& UN 0.84& t.02 '.30
37.08 170.000 0.20 3.88 3.7280 &.284 0.842 8... 830
37.21 17001. 0.21 3.8. 3.717. 8.271 0.831 1.18 8.28
3T.n lT0.032 0.22 4.00 3.7088 8.27. 0.'37 1.13 U'

I'
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Velley ereek WWTP
OpouumNelley Creek, Je"erson County

Water Qullltv
Steady-St.te stream Model

December. April Model
A end' Use Cleu,"cetlon

Section 21 I'Iow Sec,Ionrhrlo CUlf!K/lltlM TIm. o.o.ncu DO

tii
c80Dll TONODlJ011__ mil...

Ie,.)

fI lI= - :W-==:I7,JlI U1UIIIlI
31,14 l1e.o41 0,03 4.03 O. -.12
H.14 17UI2 0.08 4.08 3.8* UII1 11••1. 8.114 ..,.
38,63 178,131 0,08 4.08 3.8161 U76 0.801 8.48 '.17

- 38.93 17'.1'2 0.12 4.12 306.1. 0.3•• 0.803 U. 11.111
3U2 178.227 0.18 4.16 3068,. 8,422 o.e.7 UO '.13
3'.11 11',212 0.18 4.18 3,6431 8M8 0.880 8.22 8.11
40.11 11U18 0,22 4.22 3061114 11.411 O.lllI4 ',14 e.o.
40.80 118.112 0,25 4,25 3.4881 8.4'. 0.87' 8.01 11.01
40.80 178,408 0.28 4.28 3.4708 8.520 o.s73 7." 1.08
41.28 178,463 0,31 4.31 3.4411 5.844 0,188 T.82 8.04

--_.__._- 41.88 178,48. 0.:14 4.34 3.4218 6.188 o.sl3 7.114 8.02
42,08 118.543 0,31 4,37 3,3870 U83 0,867 7.77 1,00

e---- 42.47 118.888 0.40 4040 3.3724 8.811 0.863 7.70 U8
42.81 1111.833 0,43 4.43 3034111 U42 0.848 7.12 8."
43.28 178.171 0.48 4.48 3.3232 6.187 o.e43 7.86 UII
43.85 118,724 0.48 404' 3,2888 11.882 0.838 7.4' 5.83
44,06 118.18. 0,112 4.62 3.2741 8.711 0.1134 7.41 Ul
44.44 118.1114 U8 4.66 3.2485 8.741 0.830 7.34 8.88
44,114 178.858 0.6' U. 3.22111 11.718 0.821 7.2 8.87
48,23 111.804 0,82 4.62 3.2007 8.788 0.822 7.20 .."

"

PreptiledbyAD,6.M
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Opossum Creek I Valley Creek Waste Load Allocation
December - April I F&W Classification

8.00
3

7.00 I ;-£ I 1:1' "

r:i
~

l:)I) • • ...g5.00 I \ I ••. . . .... I . .

"2 • I~ Confluence of Valley Creek 1. USX WWTP
~ & Opossum Creek 2. Koppers Organics

~ 4.00 3. Valley Creek WWTP

1
i> 6.00 1 J \ I l= j ContluencoofValley
a 1 - ~ Creek & Blue Creek

Upper Vl11Iey Creek Lower Valley Creek

3.00 I .. · ' I I

45.0040.0035.0030.0025.0020.0015.0010.005.00

2.00 I . , I I I I I I I 1 I I I I I II I 1 I I I I I ! ! I I ! I I I ! ! , I I I I I I I I I I I I

0.00

Op0S5UD1 Creek Distance Downstream of USX, miles
......". DO Water Quality Criteria



Vefley Creek WWTP
OpossumIVefley Creek, Jefferson County

Water Quality
Steady~St8teStream Model

December - April Model
Fend W Use C/asslncatlon

Use Cioal Seele

solved Oxygen Concentration (mgll) (Opossum Creek)- 4.67
ved Oxygen Concentretlon (mgll) (Upper Valley Creek) - 5.07
ved Oxygen Concentration (moll) (Lower Valley Creek) - 8.13
CBODu Concentration at End or Modeled Reach (mgll)- 5.30

Veley Creak WWTP EI1\lenl Condlona
ceoo,.~ NHrN. rng.1 T!<N.~

8.0 1.0 3.0

DamDatft
Dam Locilld a' aeglnnlng of Slction • ,--- . --------0.00

Wet.. QUlllty Fac.o,. 1.80
I.. Dam Coefllclon' • 0.801
oln Wa'" Le.11 (ft). 1.00

o..um Cree" I Valle" cr.e" Weete L~d Allocatton • December· A

BIJ TI1bUtary Flows (ell)
20.000 1.10
0.000 4.18

0,89
1.100 FIowM~pler 2.08 ~..mI10w g Veley Creek WWTP (ell) I
3.000 1.00 2.38 24.347

0.888 1.95 MlnlmumOh

1.855 3.91 Minimum Olsso'

1.00 8.91 Minimum 015501

H.adwate, Flow (ell) •
CBOOU (mgll) •

NH)OOU (mgll) ­

TONOOU (mgll) •

Headwater O.O.(mg/l\ -

HeadWater Data
R.c...lon Ind•• (G) .\ 80.000

M.on Annuol P,ec. (PI. 80.000
Drainage A,.a (M'2).

Temp (C').
CHL.

Enter the Number or Sections ­
Total Length (mUes)-

Enter (Ii .none. IAlve blank)

a p TONOOU CBODU NH300U DO 7Q,0 Temp. Oraln"ge

Section. (mall) (mall) (mall) (mollJ (cre) (Co) A,..e(MA 2)

f-----
,.11\} 0.000 0.11\} 0.11\} 0.00

2.00 0.000 0.00 0.00 0.00
3.00 0.000 0.00 0.00 0.00
4.00 0.000 0.00 0.00 0.00
8.00 0.000 0.00 0.00 0.00
8.00 4.&7 2.00 0.457 8.000 4.18 20.00 0.00
7.00 0.000 0.00 0.00 0.00
8,00 4.&7 2.00 0.487 8.000 0.88 20.00 0.00
8.00 8l.40 37.50 48.7000 3.000 0.00 0.00 0.00
10.00 0.000 0.00 0.00 0.00
11.00 4.&1 2.00 0.487 8.000 2.08 20.00 0.00
12.00 0.000 0.00 0.00 0.00
13.00 0.000 0.00 0.00 0.00
14.00 - 0.000 0.00 0.00 0.00
15.00 4.87 2.00 0.487 8.000 2.38 20.00 0.00
18.00 0.000 0.00 0.00 0.00
17.00 85.000 118.00 4.87 2.00 0.487 8.000 1.85 20.00 IUD
18.00 ._- 0.000 0.00 0.00 0.00
18.00 85.000 88.00 4.57 2.00 0.457 8.000 3.81 20.00 32.70
20.00

---. --- -- 0.000 0.00 0.00 0.00
21.00 85.000 88.00 4.&7 2.00 0.487 8.000 5.87 20.00 51.20
22.00 0.000 0.00 0.00 0.00

Enter I -I"W~~'~~
DO Flow TMIp. Q10 ",.",.". Aree

SNf/one fmWIJ tmWlI (mtIIIJ tmWlJ (dill f'CJ fetal trrrI""
1.00 ;}.- •.U •.n '.1;} 0._ D_ U.VII
2.00 3.000 0.88 e." 1.73 0.u28 :10.000 0.00
3.00 3.000 0.88 ue 1.73 0.030 20.000 0.00

1--- 4.00 3.000 0.88 ue 7.73 0.345 20.000 0.00
5.00 3.000 0.88 U8 7.73 0.12e 20.000 0.001-------
e.oo 3.000 0.88 ue 7.73 0.304 20.000 0.00
7.00 3.000 0.88 U8 7.73 0.088 20.000 0.00
8.00 3.000 0.88 ue 7.73 0.188 20.000 0.00
8.00 3.000 0.88 e." 7.13 0.148 20.000 0.00
10.00 3.000 0.88 e." 7.13 0.114 20.000 0.00
t1.00 3.000 0.88 e.88 1.73 0.025 20.000 0.00

_._---- 12.00 3.000 0.88 8." 7.73 0.088 20.000 0.00
13.00 3.000 0.88 8." 7.73 0.734 20.000 0.00
14.00 3.000 0.81 8.88 7.73 0.23' 20.000 0.00
18.00 3.000 0.88 e." 7.73 0.308 20.000 0.00
18.00 -_._ .. _~-_.- 3.000 0.88 8.88 7.73 0.187 20.000 0.00
17.00 3.000 0.88 8.le 7.73 0.781 20.000 0.00
18,00 3.000 0.88 8.88 7.73 0.101 20.000 0.00
18.00 3.000 0.88 8.le 7.73 0.828 20.000 0.00
20.00 3.000 0.88 8." 7.73 0.318 20.000 0.00
21.00 3.000 0.18 e." 1.73 0.1102 20.000 0.00
22.00 7.73 0.000 20.000 0.00

PreporodbyAOE,M
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Valley Creek WWTP
OpouumIValley C,../(, Jefferson County

Water Qua{/tv
Steady·State Stream Model

December· April Modal
F and W Use C/aNJncatlon

Enter Effluent "'.•~
TOHODU DO Flow T_p. pH MaK.ln,lream IYH~ IYHJ JOKlelty HH3WQlImil

Secllon. (mIJIl) I-.AI ImtJIIl Imn//l lef.1 '·c) (maA) (maA) (maA)

1.00 20.000 4,57 8.14 8.00 17.0\7 20.000 1.00 3.08 3.27 0.00
2.00 37.800 81.40 137.10 8.00 0.0551 20.000 0.00
3.00 0.00 0.00 0.00
4.00 0.00 0.00 0.00
5.00 0.00 0.00 0.00
8.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00
'.00 0.00 0.00 0.00
8.00 24.000 4.&7 '.14 8.00 131.800 20.000 7.00 3.08 3.58 2.00
10.00 0.00 0.00 .. ./ 0.00
11.00 0.00 0.00 ./ 0.00
12.00 0.00 0.00 ./ 0.00

_. 13.00 0.00 000 ./ 0.00
14.00 0.00 0.00 ./ 0.00
15.00 0.00 000 0.00
18.00 0.00 000 The most strlnllsnt of the 0.00
\7.00 0.00 000 two valu.s will be 0.00
18.00 0.00 0.00 Implemented .s the 0.00
18.00 0.00 0.00 discharge tlmlt. 0.00
20.00 0.00 0.00 .- 0.00
21.00 0.00 0.00 0.00
22.00 0.00 0.00 0.00

Enter Section Characteristics (If none leava blankl

I B:f::.~;:r ::::~7It) /i",v.~,:nge Length Av.rage ,,::"on Avor.g. flow AVenoge
Section. (mil••) Elev. ihl S ,{MnlJ leI.1 V"" (hi.",,)

1.00 4811.000 4110.00 ~'!!!.. IIA1UO 4114.IlOO ·.II~' 18.'3 lI.a'
2.00 .80.000 480.00 10.00 U700 485.000 21.277 18.21 0.312
3.00 480.000 .16.00 5.00 0.5100 477.500 8.104 18.24 0.312
4.00 475.000 455.00 20.00 1.1800 485.000 18.807 1...3 0.314
8.00 458.000 482.00 3.00 0.4400 483.500 8.81. 18.87 0.3\7
8.00 452.000 435.00 17.00 1.7800 443.500 U8T 23.04 0.340
7.00 435.000 .30.00 5.00 0.8800 432.500 8.82. 23.24 0.342
8.00 430.000 .22.00 8.00 0.8800 428.000 8.183 24.28 0.383
8.00 422.000 4Z0.00 2.00 0.8100 421.000 2.488 188,82 o.eOI
10.00 4Z0.ooo 412.00 8.00 0.8300 41e.oOO 12.888 158.05 o.eOI
11.00 _m·ooo 411.00 1.00 0.1400 411.500 7.143 158.18 0.808

-~~---lZ.00-------- 411.000 410.00 1.00 0.3300 410.800 3.030 1&8.22 0.808
13.00 410.000 380.00 30.00 04.3800 38$.000 U34 158.82 0.808
14.00 380.000 382.00 18.00 2.0400 371.000 8.824 1".10 0.711
15.00 382.000 331.00 31.00 3.0800 348.&00 10.184 181.75 0.720
18.00 331.000 318.00 13.00 t.8700 324.800 7.784 181.88 0.721
17.00 318.000 288.00 20.00 U800 308.000 3.18' 184.040 0.728

--- 18.00 288.000 284.30 3.70 0.8700 288.150 4.253 184.82 0.730
18.00 284.300 280.00 34.30 ooסס.8 277.180 40288 188.25 0.748
ZO.oo 280.000 258.70 1.30 2.7800 25&.380 0.473 188.87 0.787
21.00 258.700 255.00 3.70 7.8800 258.850 U70 178,45 0.180
22.00 25&.000 288.00 127.800 IIOIVIOI 0.00 IIOlVIOI

Prepared by A.D.EM
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Velley Cree/( WWTP
OpossumIVelley Cree/(, Jefferson County

Wlt.r Qual/Or:
Steady-State Stream Model

December - April Mod.I
Fend W Use C/esstrfcetlon

Relct/on Ret•• e 20 0 C Correct.d Rltel lID. New Temp.
Sections Kd KNH3 KON T. Coefficient RHeratlon Kd KNH3 KON Ave. Reaeratlon Mixed Temp.(o C)

1.00 I.JOO .50 0.10 .30 e.e,9 I.JOO 1.4J 0.1I0 8.89 20.00
2.00 1.300 1.00 0.80 1.30 8,834 1.300 1.40 0.80 8.83 20.00
3.00 1.300 1.80 0.80 1.30 3.882 1.300 1.41 0.80 3.88 20.00
4.00 1.300 1.110 0.80 1.30 8.881 1.300 1.3~ 0.80 8.81 20.00
~.oo 1.300 1.50 0.80 1.30 2.801 1.300 1.42 0.80 2.81 20.00

1------- 8.00 0.400 1.50 0.10 1.30 40203 0.400 1.38 0.10 4.20 20.00
1.00 0.400 1.50 0.10 1.30 3.818 0.400 1.48 0.10 3.81 20.00r---------
8.00 0.400 1.50 0.10 1.30 3.142 0.400 1.41 0.10 3.14 20.00
8.00 0.400 1.50 0.10 0.88 1.088 0.400 1.44 0.10 1.08 20.00
10.00 0.400 1.50 0.10 0.88 8.800 0.400 1.38 0.10 8.80 20.00
11.00 - 0.400 1.50 0.10 0.88 3.180 0.400 1.41 0.10 3.19 20.00
12.00 0.400 1.00 0.10 0.88 1.354 0.400 .41 0.10 1.3~ 20.00
13.00 0.400 1.80 0.10 0.88 3.080 0.400 1.st

~---

0.10 3.08 20.00
14.00 0.400 1.50 0.10 0.88 5,520 0.400 1.41 0.10 5,52 20.00
18.00 0.400 1.50 0.10 0.88 8.440 0.400 .48 0.10 8.44 20.00
18.00 0.400 1.110 0.10 0.88 4.831 0.400 1.80 0.10 4.84 20.00
11.00 0.400 1.50 0.10 0.88 1.880 0.400 1.48 0.10 1.118 20.00
18.00 0.400 1.80 0.10 0.88 1.310 0.400 1.4& 0.10 1.31 20.00

-' 18.00 0.400 1.80 0.10 0.88 1.310 0.400 1.44 0.10 1.31 20.00
20.00 0.300 1.80 0.10 0.88 1.140 D.300 1.44 0.10 1.14 20.00
21.00 0.300 1.50 0.10 0.88 1.140 0.300 1.44 0.10 1.14 20.00
22.00 0.000 0.00 0.00 0.00 IlDIVtOI 0.000 0.00 0.00 HOlVlOI 0.00

Prepared by A D. E M
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Valley Creel< WWTP
OpouumNelley Crwelc, Jefferson County

Water Qu.lltv
Steady.State Stream Model

Model Outout

December· April Model
Fend W Use Clesalf1cetlon

SectIon 1 Flow Section Time Cumu/allve TIm. 02 Deflc/l DO NH30DU CSODU TONODU
DI.lance mIl•• {cl.1 {davl (dav) {malll imam (maA) (maA) imam

0.000 lB. 1 0.110 0.110 Z.lJ4H 11.0111 4.~34 18.87 8.00
0.024 1'.11' 0.00 0.00 2.8871 '.010 4,338 18.85 8.87
0.047 1'.120 0.01 0.01 2.8454 5.1.2 4.3043 ".74 8.83
0.071 ".121 0.01 0.0\ :U8,. 5.11. 4,347 ".83 8.80
0.084 ,'.123 0.02 0.02 3.0311 8.172 4.351 18,51 8.87
0.1" 1'.124 0.02 0.02 3.0777 0.830 4,354 18.40 '.84
0.141 1'.125 0.03 0.03 3.117' 5.780 4,35. 1'.28 '.'0
0.185 1'.127 0.03 0.03 3.1811O 5.751 403.1 18.1' 8.77
0.188 ,'.12' 0.04 0.04 3.1824 5.715 4,385 1'.07 '.74
0.212 ".'30 0.04 0.04 3.2270 5.880 4,388 1." 8.71
0.236 1'.131 0.0& 0.G5 3.2588 5.848 40371 17.88 '.87
0.258 18.132 0.05 0.05 3.2812 8.818 4.374 17.74 '.84
0.282 18.134 0.08 0.08 3.3208 8.587 4,377 17.84 8.8\
0.308 1'.135 0.08 0.08 3.3488 U58 4,38 17.53 '.58
O.S28 18.137 0.08 0.08 3,3758 5.532 4.3'2 17.42 U5
0.353 18.138 0.07 0.07 304008 5.507 4.384 17.32 Ul
0.378 18.13' 0.07 0.07 3424. 5.483 4,388 17.21 8.48
0.400 1'.141 0.08 0.0' 3.4470 5.480 4.388 17.11 8.45
0.423 18.142 0.0' 0.08 3.4881 U38 4.380 17.01 8.42
0.447 18.144 0.08 0.08 3.4880 U18 4.382 ".80 8.38
0.470 ".148 0.08 0.08 U087 5.401 4.384 18.10 8.3.

Section 2 Flow S«:I"'"T'- CUIIl4liI/Iv. Time 02 Deflcll DO NHJOOU CeODU TONODU
~-- DI.t.Jt«~·-···- {trr.J (dlnl imo4! imo4! tmfIIfJ

0.41 'B.iII1 0.00 11- ,..•, U8
0.48 18.202 0.00 0.10 304888 50412 4,8.2 18.7. 8.72
0.82 ".203 0.01 0.10 3.4887 50421 4,884 11.8. 8.88
0.84 1'.205 0.01 0.11 3.4804 50430 4.... ".58 ....
0.88 18.208 0.02 0.11 3.4708 5.440 4,887 ".4' '.'2
0.58 18.208 0.02 0.12 3.4"0 5.450 4."8 ".38 8.88
0.51 18.20e o.oS 0.12 S.4810 UlIO 4,870 11.2. U'
0.'3 18.21G 0.03 0.12 3.4408 50470 4,871 ".17 U3
0." 18.212 0.04 0.13 3.4308 504.0 4,873 ".07 8.50
0.88 18.213 0.04 0.13 3.420\ 50480 4.874 18.87 8.47
0.71 ".218 0.05 0.14 3.4084 5.801 4.874 15.1. 8,43
0.73 18.218 0.05 0.14 3.3887 8.512 4,878 15.7. '.40
0.75 18.217 0.08 0.15 .3.7. 5.523 4,878 lUG G.37
0.78 18.219 0.08 0.18 3.37.7 U34 4.87. lUG 9.34
0.'0 18.220 0.08 0.18 3.3... 5.848 4,877 18.80 8.31

-'---' 0.82 ".222 0.07 G.l' 3.3843 U58 4.877 lUO U.
0.85 18.223 0.07 0.17 3.3430 5.588 4.877 15.31 8.25
0.'7 ".224 0.08 0.17 3.3318 U78 4.877 15.22 8.22
0." ".22' 0.08 0.1' 3.3188 U.l 4.877 18.13 8.18
0.82 ".227 0.08 0.1' UOIS 5.802 4,877 15.04 '.1'
0.84 18.228 0.08 0.18 3.2888 5.114 4,877 14.84' .,3

Prep.r~byA.O.E.M
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Velley Creek WWTP
OpO!lsumIVelley Creel!, Jefferson County

Water Qu.Utv
Steady-State Stream Model

December. April Model
F and W Use C/aumcetlon

Section 3 F/ow SflCtlonTime Cumulative Time 01 Denclt DO NH'ODU CBODU rONODU
D/.tance m'les} (c(s) (daYI (daY) (maAl (lIIoill (maAl (maAI (maAl

0.94 1Un 0.00 0.1' 3.:zno IMI14 4.111 '4.111> 11.'3
0.87 11.230 0.00 0.18 303820 U51 4.878 14,85 8.10
0.18 11.232 0.01 0.1. 3.4231 0.480 4.878 14.78 8.08
1.02 ".233 0.01 0.20 3.4'24 5.431 4.874 14.'8 8.03
1.04 18.238 0.02 0.20 3.8400 5.373 4,813 14.58 8.00
1.07 11.238 0.02 0.21 3.5857 5.317 4.872 14.48 7.87
1.08 18.238 0.03 0.21 3.8487 8.283 4.871 14.37 7.84
l.l2 18.238 0.03 0.22 3.7021 8.211 4.888 14.28 7.80
l.l4 11.241 0.04 0.22 3.752' 8.180 406.. 14.18 7.87
1.11 18.242 0.04 0.23 3.8018 5.111 40888 14.08 7.84
1.20 18.244 O.~ 0.23 3.8484 5.084 40884 14.00 7."

1-------. 1.22 18.248 0.05 0.24 3.8984 5.018 4.882 13.81 7.78
1.25 18.247 0.08 0.24 3.8388 4.873 4.880 13.82 7.78
1.27 -_.- 1•.248 0.08 0.25 3.8828 4.830 40858 13.73 7.72
1.30 18.250 0.07 0.25 4.0245 4.888 40858 13.84 7.88
1.32 18.251 0.07 0.28 4.0848 4.848 4,884 13.55 7.88
1.35 18.253 0.08 0.28 4.1034 4.810 40851 13,48 7.82
1.37 ".288 0.0' 0.27 4.1408 4.712 484. 13.37 7.59
1.40

~---

18.258 0.08 0.27 "4:1710-' 4738 4.848 13.28 7.55
1.42 18.258 0.08 0.28 4.211' 4101 4.843 13.20 7.53
1.45 18.259 0.10 0.29 4.2454 U89 4.841 13.11 7.50

Section __ Flow SflCtlo/lTime .Culllulatlve Time 01 Dellclt DO NH'ODU CBODU rONODU
I.lance lillie. (c(sl (daYl (day) (lIIaA) (maAl (maAl (maA) (maAl

1.48 ".2811 V.W V.21 4._ 4."11 4.M· 13.11 ·.W

Ul 18.27' 0.01 0.30 4.1784 ".7'" 4.'34 12.91 7.43
U7 ".294 0.02 0.31 4.1". 4.108 4.827 12.70 7.38
1.83 11.311 0.03 0.32 ".0483 ....74 4.820 12.01 7.SG_. 1.89 .. 18.328 0.05 0.33 3.1830 U37 4,812 12.31 7.23
1.75 18.345 0.08 0.34 3.9218 4.188 40803 12.12 7.18_.
1.81

. ..
18,383 0.07 0.35 3.8821 5.058 4.084 11.93 7.10

1.87 18.380 0.08 0.37 3.8044 8.115 4,685 11.74 7.G3
1.83 18.387 0.08 0.38 3.7483 8.171 4.875 11.58 8.87
1.88 18.414 0.10 0.38 3.8838 1.225 4.585 11.38 8.10
2.05 1•.432 0.12 0.40 3.8407 8.278 4.884 11.20 8.84
2.10 18.448 0.13 0.41 3.8.80 5.331 4.843 11.03 8.77
2.18 11.488 0.14 0-42 3.8387 1.381 4.532 lU5 8.71
2.22 ".483 0.18 0.43 3.4885 0.430 4.820 10.88 8.85
2.28 18.101 0.18 0.45 3.441' 5.478 4.507 lo.e2 8.8.
2.34 18.51. 0.17 0.48 3.3848 5,525 4.485 lD.35 6.113
2.40 18.535 0.18 0.47 3.3481 1.170 4.4'2 10.1t 8.47
2."8 18.552 0.20 0."8 3.3048 5.815 .....88 10.03 ....,
2.52 18.50 0.21 0."8 3.250e 5.858 U55 11.88 8,35
2.88 18.887 0.22 0.50 3.2110 5.701 4.441 '.72 6,28
2.84 18.804 0.23 0.52 3.1781 5.7"3 4.427 8.57 8.24

Prepared by II 0 E M
11/271'2001 OpoSNn &Veley Creell WLA (WInl8r·F&Wj, Noy 2001 UMlds Pa\lllOoIH



Valley Creek WWTP
OpotJsumIVal/ey Creek, Jefferson County

Water QUlIItV
Study·Stste Stream Model

December· Aprl1 Model
F and W Use C/assfncatlon

Section 6 Flow Section rime Cumulative rime 02 Deflcl' 00 NH30DU CBODU rONODU
Dlshince mIle. (crs) (daY) (daY) (maA) (maA) (mall) (mall) (maA)

~.14 ,..- 0.00 0.62 ~.11.~ e.l.3 •.ur •.er ,u4
2.88 18.810 0.00 0.62 3.2187 o.r03 4.420 8,62 8.21
2.88 18.817 0.01 U2 3.2683 8.884 4,413 8,48 8.1'
2.71 1...23 0.01 0.83 3.2'10 8.828 4.401 8,41 8.17
2.73 18.830 0.02 0.83 um 8.581 40400 1.38 8.18
2.76 18.838 0.02 0.84 U721 8.080 4.383 8.30 8.13
2.77 18.842 0.03 0.84 3.4088 8.014 4,388 8.28 8.11
2.71 18.848 0.03 0.68 3,4441 8.478 4.380 8.1' 8.08

f--- 2.82 18.888 0.03 0.86 3,4788 8.443 4.373 8.14 8.07
2.84 18.881 0.04 0.85 3.5130 U08 4,388 8.08 8.05
2.88 18.888 0.04 0.88 3.848) 1.378 U68 8.04 8.03
2.88 18.874 0.06 0.88 3.5780 1.343 4.352 8.88 8.01
2.80 18.181 0.05 0.87 Ul0. 60311 4.348 8.83 U8
2.83 11.8.7 0.08 0.67 3.8420 6.2'0 4.33' .... U7
2.85 18.883 0.08 0.87 3.8128 8.280 4.331 '.83 U8
2.87 1'.700 0.08 0.8' 3.7023 5.220 4.324 8.7. U3
2.88 18.708 0.07 0.8' 3.7314 8.181 4,317 8.73 Ul
3.01 18.713 0.07 0.8' 3.re88 &.182 04.310 8.88 8.88
3.04 18.718 0.08 0.18 3.7818 8.138 04.303 8.83 8.87
3.08 18.728 0.08 0.80 3.8147 8.108 04.2" 8.88 6.88
3.08 18.732 0.08 0.80 U411 8.081 4.288 8.83 8.83

Section e Flow s.cllonr_ c:lIIIIUIitIIw rime O,,,,,1II:1t • DO HHJODU caDDU rOHoDU
iii......._{m"".T {t:f~ I_J ldwJ {- (-

I.U u .•n D.W DoW I. 1.31 1.10
3.17 22.807 0.02 0.82 3.7213 8.200 3.821 1.30 1.58
3.28 22.822 0.03 0.83 3.8010 8.328 3,481 7.28 8,88
3.38 22.831 0.06 0.86 3.04.23 8.444 338) 7.20 8.5.
3.44 22.862 0.08 0.88 3.3888 U87 3.318 7.18 1.51
3.13 22.888 0.08 0.88 3.2828 8.884 3.281 7.10 U8
3.82 22.883 0.10 0.70 3.1810 o.r85 3.t87 7.08 8.08
3.71 22.88' 0.11 0.71 3.0844 8.882 3.128 1.00 8,88
3.'0 23.013 0.13 0.73 2.8728 1.883 3.084 8.88 8.84
3.88 23.02' 0.14 0.74 2.8883 8.041 3.004 8.81 8.03
3.88 23.044 0.18 0.78 2.8021 8.124 2,848 8.88 6.82
4.08 23.088 0.18 0.78 2.7228 8.203 2.888 8.82 8.81
4.18 23.074 0.11 0.7' 2.8478 8.278 2.'33 8.77 8.01
4.24 23.088 0.21 0.81 2.1788 8.310 2.718 8.72 8,80
4.33 23.104 0.22 0.83 2.&088 1.418 2.726 8.88 8.48
4042 23.120 0.:14 0.84 2.4414 8.484 2.873 8.83 8.48

- 4.81 23.138 0.28 0.88 2.3788 8.847 2.822 8.88 8.4
4.80 23.180 0.27 0.87 2.3180 8.808 2.172 8.84 8.47-
4.88 23.188 0.28 0,119 2.281. 8.884 2.824 8.80 8.48
4.78 23.180 0.31 0.81 2.2011 8.71. 2.478 1.48 8.48
4.87 23.188 0.32 0.82 2.1847 8.771 2.428 8.41 8.44

"
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Valley Creek WWTP
OpossumNelley Creek, Jefferson County

Water QUIlIw.
Steady-State Stream Model

December· April Model
Fend WUse Classlflc.tlon

Section 7 Flow Secl/onTlme Cumulative Time 020..0,,11 DO NH30DU cBODU ToNODU
D.hlnce mil... ("f.1 fdavl (davl ImnAI (mDAJ (mgIlJ (mDAJ (mgm

".87 -- ..Hl!!. 0.00 O.lIl 2.1578 8.71' 2.428 8.41 5.....
4,80 230200 0.00 U3 2.1484 6.7.3 2.414 1.40 0.....
4,83 23.200 0.01 0.83 2.1331 6.788 2.3.. 8.38 0.....
4,85 23.210 0.01 0.84 2.1208 8.80. 2.384 1.37 0.43
U. 23.215 0.02 0.84 2.1088 8.820 2.381 U. U3
s.ol ,. 23.218 0.02 . UI 2.oeee 8.832 2.384 1.34 U3
0.04 2U24 0.03 UI 2.0848 8...... 2.338 8.33 0.43
5.07 23.228 0.03 0." 2.0731 8.858 2.324 8.32 5.43
1.08 23,234 0.04 0.88 2.0814 8.887 2.310 1.30 8.42
5.12 23.23' 0.04 0.87 2.0488 8.878 2.288 8.28 U2
8.10 - 23.243 0.08 0.87 2.0384 8.1tO 2.2" 8.28 8.42
0.1' 23.24' 0.00 0." 2.0270 8.802 2.287 8.27 0.42
5.21 23.253 O.Of 0.18 2.01117 8.813 2.283 8.25 8.41

-- 0.23 23.257 O.Of 0." 2.0045 8.824 2.238 8.24 0.41
8.28 23.282 0.07 0." 1.tt34 8.835 2.220 8.23 0.41

r---- 5.28 23.287 0.01 1.00 1.8824 8.848 2.211 8.21 •.41
11.32 23.272 0.08 1.00 U7tS UI7 21.1 8.20 5.40
11.38 .- 23.278 0.0' t.01 1."Of ....8 2.1... '.1' 0.40
8.37 23.2., 0.08 t.01 1.84" 8.878 2.110 '.17 0.40
0.40 23.2.. 0.08 1.02 1.8313 ..... 2.187 '.1' 5.40
8.43 23.281 0.10 t.02 1.8287 7.000 2.143 8.18 0.38

SKtion 8 Flow S«1Ion71nHt Cum,,"""'T" Oto.l1ell 00 NHJODU C'ODU roNOOU
~(ml/ltl leffll _I (- :m==-.u a,., i.OlI • •••

5.48 24.188 0.01 l.O3 US1 8.880 2.080 ...7

-- 8.13 24.187 0.02 1.04 1.8381 8.... 2.038 1.80 8.38
8.88 2"-208 0.03 1.011 1.8181 7.012 2.011 1.83 Mil
11.83 24.2\ot 0.03 1.08 1.toJJ 7.028 1.... 1.81 8.35
0.87 24.222 0.04 t.08 1.1.11 7.043 1.87. "'8 8.34
5.72 24.231 0.08 t.07 1.1721 7.008 1.855 5.87 8.34

- 8.77 24,238 O.Of l.O. 1.8888 7.074 U3. 8." 8.34
U2 24.247 0.07 1.08 , ....,8 7.088 1.8111 ...3 5.33
8.87 24.288 0.08 1.10 U288 7.104 1.888 0.81 5.33
8.82 24.264 0.0' ttl Utl' 7.118 1.87. 0.78 5.32
5.87 24.272 0.08 1.11 1.7872 7.134 1.857 5.78 5.32
'.02 24.281 0.10 1.12 1.7827 7.14' 1.13' 5.74 5.32
8.07 24.28' 0.11 1.13 1.1'8) 7.1S3 1.818 8.72 8.31
8.12 24.287 0.12 1.14 1.7542 7.177 1.801 5.70 8.31
8.18 24.308 0.13 U8 1.7401 7.181 1.782 8.88 0.30
5.21 24.314 0.14 1.18 1.7283 7.205 1.754 8.88 5.30

-' 8.28 24.322 0.14 1.17 1.7128 7.218 1.747 5.64 5.30
8.31 24.331 0.15 U7 1.8880 7.232 1.728 8.82 U8
8.38 ~4.338 0.18 1.18 l.lIIIIlI 7.245 Ul2 8.80 0.28

--_._-~---_. ---
24.347 0.11 U8 1.8723 7.258 1.885 888 5.28

PrepI.-.cl by "-D,e M
1112712001 OpOUlI1\ l V.ley Creel< WI.A ('MIlle!.FIoW>. Nov 2001 UAAlilt Ploa 7 of 14



Velley Creek WWTP
OpossumIVelley CrHk, JeffertJon County

Watte Quality
Steady·St.te Stream Model

December· April Model
Fend W Use Cl9SlJlflcetJon

Section'
'"----i

Flow s...Uonr~ Cum"""'~ O,Detlch DO NHJOOU caODU TONODU
6hI",tIClI m-', {"hi 1- a 1- ImDIII ,- 'maM...\ taU1 1.'1 '.'17 .....It 11.1il I.M

8.45 105.854 0.00 1.20 8.141 4.0" Zl.08 8.03
8.49 151.102 0.01 1.20 2.8473 '.085 4.071 Zl.04 8.03
8.03 155,889 0.01 1.21 2.8021 8.031 4.048 21.00 8.52
5.57 15U78 0.02 1.21 2.8554 U78 4.021 20.85 8.02
8.81 155..... 0.02 1.22 3.0102 8.122 3.1.7 20.&1 &.52
U5 105.881 0.03 1.22 3.0533 U59 U73 20.87 8.51
U9 15U&8 0.03 1.23 MIlO U17 U049 20.83 8.51
'.73 t55,808 0.04 1.23 3.1881 5.18& 3.'2& 20.78 &.50
'.77 1&U13 0.04 1.204 3.2187 5.713 UOI 20.74 8.00
8.81 1&U20 0.05 1.204 3.2707 U02 3,877 20.70 8.048
U8 1&U27 0.05 1.25 3.3213 1.511 UM 20.8' 8.048
UO 1&U35 0.08 1.25 3,3713 5.581 3.831 20.82 8.048
8.84 155.842 0.08 .25 3.04207 5.512 UN 20.58 '.048
U8 1&5.84' 0.07 1.2' 30'07 U., 3.1.5 20." U.
7.02 15U57 0.07 1.27 3.11'2 U14 3.782 20.048 8.047
7.08 15U84 0.08 1.27 3,8881 U.7 3.739 20.045 8.47
7.10 15U71 0.08 1.28 3,8t3. U18 3.717 20.41 8.048
7.104 1&U7' 0.0' 1.28 3.8.08 5.272 3.895 20.37 '.04'
7.18 1&U88 0.09 1.28 3.7070 5.228 3.&73 20.33 8.045
7.22 155,183 0.10 1.28 3.7530 5.180 3.'51 20,2. 8.45

Section 10 F_ s.cllollr~ C_""'T~ O,DeIIdt DO NH'ODU caODU roNODU-----m.tWt/iiili;.r'··- -~- I_I fdw} Imam fIIIlIII1 flllllill 1- 'maM
J.n G.VV ,.. ,.J..e ..,.. '.N' 20.2' '.411
7.25 18U88 0.00 1.28 3.72045 5.210 3.'34 20.28 8.45
7.2' 108.005 0.01 1.30 3.'851 5.238 3.118 20.22 8.045
7.31 1118.010 0.01 1.30 3.8880 5.288 U02 20.18 '.44
7.35 1118.010 0.02 1.31 3.8375 5.287 3.188 20.18 8.44
7.3' tll8.022 0.02 1.31 3.8084 5.325 U70 20,13 8.44
7.41 158.027 0.02 1.31 3,8818 5.353 3.088 20.10 8.043
7.44 1118.033 0.03 1.32 3.85048 8.380 3.838 20.01 8.043
7.047 158.038 0.03 1.32 3.821. 5.0408 3.823 20.03 8.43
7.50 1&8.044 0.03 1.32 3.5011 5,433 3.50. 20.00 8.42
7.53 158.050 0.04 1.33 3,415. 5.045. 3,482 lU1 8.042
7.57 158.058 0.04 1.33 3.4804 5.484 3.471 18.84 8.042
7.80 1118.081 0.05 1.34 3.4255 8.80. 3.482 18,81 8.41
7.83 188.087 0.05 1.34 uooe 8.834 3.44' 1&.88 8.41
U8 lKOn 0.05 t.34 3.37'7 U88 3.431 1&.85 '.41
7.88 - 158.07. 0.08 1.35 3.3525 8.881 3,418 , ...2 8.40
7.72 158.0... 0.08 1.35 3.3285 U05 3.0401 18.78 8.40
7.78 158.080 0.07 1.38 3.3084 5.828 3.388 18.15 8.040
7.78 158.085 0.07 1.38 3.2837 U51 3.371 18.72 8.38
7.82 158.101 0.01 1.38 3.2014 U73 3:357 1&.88 8.38
7.85 158.107 0.08 1.37 3.2384 U85 3.342 te." 1.38 _.-

Prepared I1y A.D.EM
1112712001 Opollllll &V,1ey Creel< WlA ('Mnler-F&Wj, Nov 2001 UAAlds P'oe80114



Valley Cree" WWTP
0p08sumNa"ey ereek, Jefferson County

Water Qualltv
Steady-Stet. Stream Model

December· April Mode'
F and W Usa CIBss{f1est/on

Sect/on 11 Flow SKllonTime Cumulallve TIme OJ/Dellell DO NH30DU CBODU TONODU
Distance mlktSJ -- Ic's) fdav) ldav) 11) (mull) (mull) (malll (malll

7,85 1111.111 0.110 ~. un 30304 8.43 '.;M
7.88 158.188 0.00 1.37 3.2387 5.187 3.301 18.42 8.34
7.88 158.181 0.00 1.37 3.2405 5.185 3.288 18.42 8.34
7.87 158.171 0.00 1.37 3,2422 5,884 3.285 18.41 8.33
7.88 158.172 0,00 1.37 3.2438 11.882 3.282 18.40 8.33
7.88 158,173 0,00 1,37 3.2458 11.810 3.288 18,40 8,33
7.88 158.174 0.01 1.37 3.2474 5.188 3.285 18.38 8,33
7,80 188.178 0,01 1.37 3.2480 5.887 3.282 18.38 8,33
7,81 158.177 0,01 1,37 3.2507 5.185 3,278 18.38 8.33
7.81 158,178 0,01 1.37 3,2524 11.883 3,275 18.37 8,33
7,82 158,178 0,01 1.38 3.2541 5.882 3.272 18.38 8.33
7,83 158,181 0.01 1.38 3.2557 5.880 3.288 18.38 8.33
7.83 158,182 0.01 1.38 3,2574 5.178 3,288 18.35 8.33

f-- 7.84 10,183 0,01 1.38 3.2580 5.177 3.283 18.34 8.33
7.85 158.184 0.01 1.38 3,2e08 5.875 3.288 11.34 8.33
7.85 158.188 0.01 1.38 3.2822 5.874 3.288 lU3 8,33
7." 188.187 0.01 1.38 3.2838 un 3.283 ".32 8,33
7,87 108.188 0.01 1.38 3.2854 11.870 3.250 18.32 8.32
7.88 158.188 0.02 1.38 3,2870 0,881 3247 18.31 8.32
7." 108.111 0.02 1.38 3.2888 8.887 3.243 lUO 8.32
1.88 188.182 0.02 1.38 3,2701 ...68 3.240 ",30 8.32

SectIon 12 Flow SKlionTlnH> Cumulallve TIme oJ/Denc/l DO NH30DU CBODU TONODU
D(slllnce miles (c's) (davl (davl (mallJ (mallJ (mull) (mAlI) (mgIl)

'." '0,'82 0.00 1.38 3,2705 0,_ 3.240 1•.;JV 8.32
8.01 108,185 0,00 1.38 3.2850 11.850 3.233 18.28 8.32
8.02 108.188 0,00 1.38 3.3015 8.835 3.225 18.21 8.32
8.04 158,201 0.01 1.31 3.3111 11.818 3.21. 18.25 8.32
8.011

-.-~

188.204 0.01 1.38 303322 5.1104 3,210 18.24 8.32
8.07 158.207 0.01 1,38 3.3474 UII 3.203 18.22 8.31
8,08 158.210 0.01 1.40 303828 5.574 3.188 18.20 8,31
8.11 158.213 0.01 1.40 U7n U58 3.188 18.1' 8.31
8,12 181.218 0,02 1.40 33827 5,544 3.181 18.17 8.31
8.14 158.21' 0.02 1.40 uon 5.528 3.174 18,18 8,31
8,18 158,222 0,02 1.40 3.4228 5,514 3.188 18.14 8.31
8.17 188.225 0.02 1.41 304374 5.481 3.168 18.13 8.30
8.18 188,228 0,02 1.41 3.4521 5.484 3.152 18.11 8,30
8,20 10.231 0.03 1.41 304887 U88 3.145 18.10 8,30
8.22 108,234 0,03 1.41 3,4813 U55 3.138 18.08 8,30
8,24 158.237 0.03 1.41 30488. 5.440 3.\30 18.07 8.30
8,28 158,240 0.03 1.42 3.5103 U28 3.123 1J.05 8.30
8.27 158.243 0.03 1.42 3.5247 5.412 3."8 18,03 8.28
8,28 158,248 0.04 1.42 3,5310 5,387 3,101 18.02 8.28
8.30 158.248 0.04 1.42 3.8532 50383 3102 if.OO 8,28
8.32 188,251 0.04 1.42 3.8873 5038. 3.088 18.18 '.28

Prepered by A. 0 E M
11/2712001 OpolSUII &velev Creal< WLA (VIlntt,·F&Wj. NOV 2001 UAAldS Pege90f 14



Valley Creek WWTP
OpossumNalley Cr.-II, Jefferson County

Wat.r Quality
Steady-State Stream Model

December. April Model
Fend W Use CIBsslncatlon

Section 13 Flow Sec/Ion TIm, Cumull"v, Time 01 Os"c/l DO NH30DU C80DU TONODU

DI.lance mils. {cl.! {dav! (dav! {1IWIIfl {maill (malll (moAi

8.32 188.2111 0.00 -U2 J. 11.388 3.llU 8.28
8.54 181.2.. 0.03 1.45 3.0131 5,348 3.004 18.71 8,21
8.78 158.325 0.05 1.48 3.8083 5,334 2.111 18.08 8.24
U8 158.381 0.08 1.50 3.8188 5,328 2,833 18.38 8.22
1.20 181.388 0.11 1.53 U113 5,323 2.152 18.11 1.20
8.42 158.435 0.13 1.88 3.8110 5,325 U74 18.00 8.18
8.84 158.412 0.1' U8 3.8102 0.332 2.588 11.80 8.18
8.88 158.808 0.18 1.81 3.5814 0.343 2.82. IT.81 8.13
10.08 188.845 0.21 1.83 3.5850 5.351 2.455 11.43 8.11
10.30 181.812 0.24 1.88 3.1873 5,318 2.388 17.24 8.01
lo.e2 18U18 0.28 1.88 3.8488 0.315 2.322 17.05 8.01
10.73 188.555 0.28 1.11 3.11238 U18 1251 11.87 8.05
10.85 158.882 0.32 1.74 3.4888 1.443 2.188 11.81 8.03
11.11 158.728 0.34 1.77 3,4714 1.471 2.140 1U1 8.01
11.38 158.785 0.31 1.11 3.4425 5.000 2.084 18.34 1.88
11.81 158.802 0.40 1.82 3.4121 5.030 1021 18.18 ue
11.83 158.838 0.42 1.85 3.3805 5.182 1.811 15.88 1.84
12.05 15U78 0.45 1.17 3,3417 5.084 U28 lU2 1.82
12.21 158.812 0.41 1.80 3,3140 5.828 1.811 15.85 1.80
12.41 158.848 0.50 1.82 3.2 15 U83 1.830 lUI 1.88
12.11 188.888 0.83 1.88 3.2444 UI8 1.184 18,32 1.88

Section 14 Flow Sec/Ion TIme Cumull"ve Time 02D8"cl/ DO NH300U C800U TONOOU
O/.renee mil•• (cl.) (da~! (da~) (mall! (mall! (_AI

12.71 \88.888 0.00 1.85 3. 5. .("4 I~.n ....
lUI 158.881 0.01 1.88 3.1722 8.118 1.188 15.28 1.85
12.11 181.008 0.02 1.81 3.0188 5.884 1.184 15,21 1.84
13.02 158.020 0.03 1.88 3.0223 U28 1.738 18.18 1.84
13.12 118.032 0.04 1.88 2.0521 8.888 un 1&.10 7.83
13.22 151.044 0.04 1.98 2.8148 8.085 1.710 IUS 7.12
13,32 151.088 0.08 2.00 2.8204 8.130 1.8" 14.88 7.82
13.42 188.088 0.08 2.01 2.7588 8.181 1.812 14.84 7.81
13,53 188.011 0.07 2.02 2.8885 8.251 1.888 lUI 7.80
13.83 158.011 0.08 2.03 2.8421 8.301 1.884 14.84 1.80
13.13 1&8.103 0.01 2.04 2061t4 1.362 1.840 14.78 7.78
13,83 151.111 0.10 2.08 2.1312 eA14 1.827 14.73 1.18
13,83 151.121 0.11 2.08 2A882 8.484 1.814 14,88 1.71
14.04 118.131 0.11 2.08 2.4382 8.112 1.801 14.13 7.71
14.14 181.110 0.12 2.01 2.3121 8.158 1.888 14,51 1.18
14.24 1&8.182 0.13 2.08 2.3471 8.802 1.871 14.82 1.15
14.34 188.114 0.14 2.01 2.3084 8.84& 1.162 14.41 7.75
14.44 181.188 0.15 2.10 2.2841 8.888 1.550 14,42 1.14
14,58 181.117 0.18 2.11 2.2288 8.724 1.837 14037 1.13
14.85 158.208 0.11 2.12 2.1878 8.182 1.525 14.32 1.73
14.15 151.221 0.1' 2.13 2.1518 8.7.. 1.513 14.28 7.12

P~.red by AO.E M
1112712001 Opo..~&Veley Cleek WlA (Vv1nlar·F&W), Nov 2001 UMm Pege 100f 14



Velie" CreeJ( WWTP
OpossumIVe/ley Creek, Jefferson County

Wat.r QUIIIIV
Steady-State Stream Model

December· April Model
F and W Use Classmcatlon

SectIon 16 Ffow Soc/Ion Tim. Cumu""lvo Tlmo 02 o..flcll DO NH30DU CBODU TONODU
Df.,..""o mflo. Icf.J ldovJ idovJ {malll {mrvll {mtJAl {mtJAJ

1,05 1.1.801 II.W ~.1~ 2.' '.181 1.4.1 1',08 '.81
14.10 181.81. 0.01 2,14 2,OM' '.884 1.47. 14.01 7.88
1'.08 181.832 0,03 2.1. 2.0233 8.83. 1.481 1'U4 7.8S
18,21 181.847 0,04 2.17 1.8587 7,002 1.4.. 13.88 7.04
11.38 .. 181.8.2 0.0' 2.18 1.89-48 7.084 1.428 13.78 7.83
18.01 181..71 0,08 2,18 U373 7.121 1.408 13.72 7.821---
lUl 181.883 0.08 2.20 1.783. 7.17' 1.383 13." 7,'1f-----
18.82 1.1.108 0.08 2.22 1.73" 7.228 1.37' 13,88 7.80

_.~--

10.17
._-_.

181.123 0.10 2023 1.8.70 7.271 1.380 13,80 7.6'
18.12 181.138 0,12 2.24 1.8..34 7,318 1.345 13.43 7,68
18.28 1.1.764 0.13 2.28 1.8027 7.358 1.32. 1303. 7.'7

- 1....3 181.188 0.14 2.27 1.8647 7.3'" 1.31" 13,28 7.ll.
lU. ,.1.1... 0.1' U. 1.8280 7.428 1.2.. 13.22 7.8.
18.73 ,.1.1.. 0,11 2,2' 1.4858 7.4'3 1.264 13.18 7....
18.88 ,.1.81. 0.18 2.31 1.4643 7...... 1.270 13.08 7.63
17,04 181.830 0.18 2.32 1.4348 7.524 1.288 13.02 7.'2
17.18 1.1.64. D.21 2.33 1.4072 7.551 1.2..2 12,88 7.81
17.34 .-_.._. 181.8.0 0,22 U8 1.3.11 7.'77 1.22. 12.8. 7.81
11.80 1.1.81. 0.23 2.38 1.3588 7.802 1.218 12.'1 7.80

---_. 17.85 1.1.881 0.28 2.37 1.3338 7.828 1.202 12.78 7....
11,80 181.808 0.2' 2.3. 1.311. 7....7 1.1.. 12." 7."8

SectIon 16 Ffow Soc/Ion Tfme Cumulatlvo Tfmo 02 o..nclr DO NH30DU CBOOU TONODU
DI.tlm<:9 milo. ici.J idovJ idovJ (manJ imanJ imaAJ (maAJ imanJ

11.80 1.1.80. 0.00 ;uw I.~l•• '....7 1.1.. 12.18 7."
17." 1.1.814 0.01 2.38 1.321. 7..... 1.182 12.... 7.47
11.'1 1.1.823 0,01 2.40 1.3234 7.843 1.174 12.81 7.47
1',08 181.831 0.02 2.41 1.3281 7.8..1 1.1'7 12,81 7.4'
18,13 ,.1.83. 0.03 2.41 1.3288 7.83. 1.180 12.64 7.45
18,22 181.848 0,04 2.42 1.3278 7.•3. 1.183 12.80 7.48
18.30 1.1.858 0.04 2.043 1.3288 7,837 1.14. 12,'" 7."
18.3. 1.1.8.. 0,0' 2.043 1.3288 7.838 1.140 12.43 7.....
, ....7 ,.1.873 0,08 2." 1.3304 7.838 1.133 12.38 7,43

1----- 18.05 181.881 0,08 U. 1.3308 7.•3. 1.128 12.311 7.43
1','" ,.1.11.0 0,07 2.4' 1.3311 7.'36 1,1111 12.32 7.42

f-- 1'.72 1.1.••• 0.0' 2..4. 1.3312 7.838 1.113 12.28 7.42
18,80 182.008 0,08 2.47 1.3311 1.'38 1,108 12.28 7.41
1.... 1112,01' 0.08 U. 1.3308 7.838 1.100 1222 7.41
1...7 182.023 0,10 204' 1.3305 U311 1.0... 12.18 7.40
18.0. 182.031 0.11 2..4. 1.3300 7.83' 1.087 12,15 7.40
1'.14 1'2.040 0,11 2.80 1.3283 7.'37 1.081 12.11 7,31
1'.22 182.048 0,12 2.51 1.3284 7.113' 1.07. 12.08 7.311
11.30 1'2.088 0.13 2.51 1.3278 7.83t 1.088 12,04 7.38
11.3. ll1a,oe8 0.13 2.82 1.3264 7.8411 1.0.3 12.01 7.38

'----. 1....7 182.073 0,14 2.83 1.328a 7...., 1.057 11.87 7.37

Prepared by AO.E.M
1It27f2001 Opollum & Veley Creek WlA (WIn1er-F&W), Nov 2001 UAAx\s PefjO lIar 14



Velley Creek WWTP
OpossumNelley Creek, Jefferson County

Water QUllltv
Steady-State Stream Model

December· April Model
Fend W Use C/esalfTcarlon

Section 17 - Flow StlCllon n"", cu"""'oll.. rlma O'DMkH 00 HHJODU C8000 rOt/ooo
._-- N;iili<:.7iiiIIHr -... - {elal I_I 1mt1AJ 1_'

lU7 1M.VU 1. 7••:n 1. n.n 7.:14

18.1. ,64.0., 0.03 2.85 U571 U15 1.02. 11.73 7.32
20.10 1....0ee 0.05 2.51 1.0513 rA15 1.008 11.80 7.30
20.41 1....13. 0.08 z.•, 1.8514 7.320 o.ee. 11.48 7.2'
20.72 1....173 0.10 2.13 1.7388 7.232 0.888 lU. 7.28
21.04 184,211 0.13 2.81 1.822. 7.14' 0.851 11.24 7.24
21.3& 1....24. 0.1' 2.81 U002 7.072 0.'33 11.12 7.22
21... 1....2.. 0.18 2.71 U727 8.n. 0..,1 11.00 7.20
2U7 1....323 0.21 2.74 2.0405 8.832 0.800 10." 7.18
22.28 1....381 0.24 2.11 2.1037 8.8" 0.884 10.71 7.1.
22.80 1....3.. 0.21 2.7' 2.1828 •.808 0.88' 1U5 7.15
22,81 184.43' 0.2' 2.12 2.2114 8.788 O.IM 10.M 7.13
23.23 184.474 0.31 2.... 2.2..3 8.704 0.840 10.43 1.11
23.&.. 184.811 0.34 2.17 2.31 ... 8.887 0.828 10.32 7.08
2U5 184.841 0.37 2.88 2.3580 8.813 0.813 10.21 1.07
24.17 184.588 0.3' 2.82 2.3882 U13 0.800 10.10 7.08
24.48 184.'24 0.42 2.85 2.43'2 8.838 0.788 .... 7.03
24.78 '84.'" 0.45 2.87 2.4702 8.802 0.77' '.88 7.02
25.10 184.•" 0.47 3.00 2.8012 11.471 0.re5 8.18 1.00
25,42 184.737 0.80 3.03 2.5288 11.443 0.753 8.8. 8.88
28.73 1....774 0.82 3.05 U582 11.417 0.143 U8 8.88

SectJon18 -- Flow Soe'fon Tin.- Cumula"ve TIme 020<>""" DO HH3000 CBODU rOHODU
Dfstlll"e miles {"f.1 (davl (davl {maID {maAI (maAI fmaAI fmaAI

n.l3 '...",.. 0.0\1 3.00 :1.00110 11.4' 0.143 '.'11 lUll

25.77 184.77' 0.00 3.08 2.8840 11.412 0.741 U8 U8
28.82 184.784 0.01 3.08 2.8880 8.407 0.740 U5 8.88
28.88 1....188 0.01 3.08 2.873' 8.402 0.738 8.... 8.85
25.80 184.784 0.01 3.07 2.87" '.387 0.737 U2 8.85
28.85 - 184.788 0.02 3.07 2.&83' 8.382 0.73' 8.81 8.85
ZU8 184.804 0.02 3.07 2.8'84 '.3•• 0.735 8.48 8.85
28.03 l.....ot 0.03 3.ot 2.5831 8.3.3 0.733 8.48 8.84
28.08 184.814 0.03 3.08 2.8877 '.378 0.132 ....7 8.84
2'.12 184.818 0.03 3.08 2.8024 '.374 0.731 8.48 •.84
28.17 184.828 0.04 3.08 2.80118 8.388 0.728 8.44 8.84
28.21 184.•30 0.04 3.08 2,8114 8.385 0.728 e.42 U3

-' 2U5 184.838 0.04 3.10 2.•,58 '.380 0.727 8.41 U3
2•.30 184....0 0.05 3.10 2.'203 8.35. 0.128 8.40 8.83
28.34 1....845 0.05 3.10 2..241 8.351 0.724 e.3' U2
28.38 1.....80 0.05 3.11 2,8280 •.341 0.723 e.37 •.82
21.43 1....155 0.08 3.11 2,8333 '.343 0.122 1.35 8.•2
21.47 ,.4.880 0.08 3.11 2.8375 8.338 0.720 '.34 8.92
28,51 184.885 0.01 3.12 2,841. 8,334 0.1,. 8.33 8.81
211.8. 184.'70 0.07 3.12 2....51 8.330 0.118 8.31 8.81------2i:iQ" 184.•78 0.07 3.12 2.84" 8.328 O. 17 8.30 8.81._
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Valley Cr.ek WWTP
OpossumNelley Creek, Jefferson County

Wat., QUllltv
Steady-State Stream Model

December· April Model
Fend WUse C/easlncetlon

Section 19 Flow Sec/ion Tim. Cumulatlv. Tim. OZDe"c/l DO NH30DU CBODU ToNODU

01'111""" mile, {c{1I {olavl {olavl (IIlIlAJ (IIlIlAJ (IIlIlAI (maAJ
28.80 188.188 0.00 3.12 8.31' o.rl0 '.13 8."
27.00 1....31 0.03 3.• U.eo 8.288 0.700 '.01 '.'3
27.40 1.8.87. 0.07 3.1' 2.1227 8.280 0.890 8.88 8.81
27.'0 ,.8.124 0.10 3.22 2.7472 8.238 0."0 8.77 8.7'
28,20 , ....71 0.13 3.2' 2.7'" 8.214 un 8.88 '.77
2'.80 188.017 0.1' 3.28 2.1.73 8.18' 0.882 8.84 '.74

f-- 28.00 1".083 0.20 3.32 2..032 '.180 0.884 '.43 '.72
21.40 188.110 0.23 US 2.8188 8.1.. 0.84' 8.32 8.70
28.'0 188.188 0.2' 3.3' 2.'277 '.155 0.•3. 8,21 ....
30.20 1.8,202 0.30 3.42 2.8* '.147 0.830 '.10 8.88
30.80 188.24. 0.33 US 2.8431 8.140 0.823 7.88 8.83
31.00 1.8.288 US U. 2.847' 8.135 U18 7.88 8.61
31.40 188.3012 0.38 3.52 2.8llO8 8.132 0.808 7.78 U8

-~----,_.

31.80 188.388 0.43 3.88 2.8817 8.131 0.&02 a. 8.17
32.20 181.434 o.n 3.88 2.8511 8.132 0.6.. 7.8' US
32.80 181.4" U. 3.82 2.84" ..134 0.890 7.4' 8.53
33.00 188.827 0.82 3.85 2.8453 '.138 0.584 7.38 8.11
3UO 188.874 0." 3.88 2.8404 8.143 o.s7. 7.2' 8.48
33.90 ""'20 Me '-71 2.'341 '.148 0.673 7.18 8.48
34.20 18U88 0.82 3.78 2.8287 8.1" o.ee. 7.08 8.44
34.80 188.713 0." 3.7' 2."" '.185 0.882 7.00 '.42

Section 20 Flow Secllonflmo Cumulative TIme OZDe{/c11 00 NH300U C800U TONODU
II/ance (mllea Iclal {davl ldavl IIIIlJIII (maIIl Imam

"".80 188.113 0.00 .18 8.188 0.: '.00 8.42
34.74 18'.72' 0.01 3.7' 2.8203 '.188 Met .... 8.41
34." 188.748 0.02 3.90 2."" '.172 o.ete 8.'5 '.4
35.01 188.781 0.03 3.81 2.8128 8.17' 0.557 ...3 8.40
31.11 188.777 0.04 3.82 2.1080 8.1'0 0.188 ...1 8.3.
38.28 18'.783 0.08 3.83 2.8081 8.184 0.884 8." 8.3'
38.'" , ....0. 0.07 3.11 2.8012 8.188 o.s62 8.88 8.38
3U. 18...24 0.08 3.88 2.7'72 8.1.2 0.551 8.84 8.37
36.70 , ....40 0.08 3.'7 2.7'32 8.188 084. 8.81 8.37
35.84 leuse 0.10 3.88 2.7882 8.200 0.847 8.7. 8.38
35.1. 18...72 0.11 3.88 2.7880 8.204 0,5.48 '.n Uti
3t1.11 16..... 0.12 3.80 2.7808 8.208 0.844 8.78 '.36
38.26 188.804 0.13 3.'1 2.1787 8.212 0.843 8.72 8.34
38.38 18...20 0.14 3.82 2.7724 8.218 0.841 '.70 8.33
3U3 18...38 0.18 3.83 2.1..1 8.221 0.840 U. 8.32
38." "8.862 0.1' 3.84 2.783. 8.226 0.538 8.88 8.32
38.10 18"'68 0.18 3.88 2. 684 8.228 0.637 8.13 1.31
38.84 188.084 0.18 3.87 2.7880 8.234 0.538 8.81 8.30
37.08 170.000 0.20 3.88 2.7806 8.238 0.834 U8 130
37.21 170.018 0.21 U. 2.7480 '.243 0.133 8.117 8.2.
37.35 170.032 0.22 4.00 2.7418 8.247 0.531 8.56 8.2.
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Valley Creek WWTP
OpouumNalley ereek, Jeff.,..on County

Wat" Que/ltv
Steady-State Stf8am Mode'

Dacember - April Model
Fend W Use CllJtJs/flclJtlon

SectIon 21 Flow SecllonTl",. Cumula"ve TIme OZoeflclr DO NH30DU CaODU rONODU
Dislanee Imlle. lef.) ldav) ldov) Imam (fn4II) Ifn4II)

U.3li 11l1.UUZ O.UU ...UU :z. lI.: o.azv lI.3' lI.Z3
37.74 178.047 0.03 4.03 2.7311e '.254 0.828 1.33 '.21
38.14 171.0.2 0.08 4.08 2.1204 U10 o.e21 '.21 '.1'
31.53 17'.137 0.01 4.01 2.1081 1.285 o.e18 '.22 8.11
38.83 118.182 0.12 4.12 2.8888 8,300 o.e14 8.18 8.15
38.32 178.221 0.18 4.15 2.8740 8,31. 0.511 '.10 '.13
3'.71 178.272 0.1' 4.• 2.8582 '.332 0.508 '.04 '.11
40.11 118,31t 0.22 4.22 2.8424 8,34. 0.504 U. '.09
40.80 178,383 0.28 4.2S 2.'284 '.384 o.e01 8.13 8.01
40.80 178.40. 0.28 4.28 2.8104 '.380 0.488 8.11 8.09
41.28 17U83 0.31 4,31 2.S843 8,388 G.495 5.82 '.04
41.•• 17U88 0.34 4.34 2.81'1 1.412 G.482 8.11 '.02
42.08 17'.843 0.31 4,31 2.181. 1.42. GAfO 5.11 8.00
42.41 118.888 0.40 .4.40 2.5451 1.444 0.481 5.88 8.18
42.'7 178.833 0.43 4,43 2.8284 ....1 0.484 5.81 S.88
..3.2. 178.87' 0.4' ...... 2.1131 '.417 0....2 US 8.15
43." 17'.724 0.4' 4.4' UN7 ...." 0."711 8.80 8.13
44.05 178.7" 0.S2 4.S2 2.4804 1.510 0.471 ....S 8.11
44.44 17U14 0.88 4.SS 2.4840 8828 0414 UO ....
44.84 178.8S8 0.8' U8 2.4411 U42 0.472 8.35 5.'1
"S.23 118.804 0.'2 4.'2 2.4314 US. G.488 8.30 ....
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Attachment 6 
 
 

Detailed Recreational Use Attainability Analysis 
for Village and Valley Creeks, EPA Region 4 

 
 



 

INTRODUCTION 
 
 The segments of Village and Valley Creeks drain adjacent watershed in Jefferson 
County, Alabama.  The land usage is predominantly urban and their watersheds are 
virtually identical in their physical characteristics and pollution stressors.  Sources of 
bacteria in the watersheds include leaking sewer lines, discharge and overflows from 
wastewater treatment plants, domestic animals, wildlife, and leaking septic systems.  In 
addition, there are little to no vegetated riparian zones to filter runoff, a high water 
table, and a generally steep slope to the landscape.  These factors reduce travel time and 
increase delivery ratio (fraction of bacteria deposited on land that arrives in stream 
water) of bacteria to the creeks from runoff.  Climate and landscape factors also tend to 
mitigate the process of natural decay, increasing the likelihood of delivery of bacteria to 
the creek waters from land-based sources.  Bacteria enter the creeks from point source 
discharge of treated domestic sewage and overflow generated by stormwater, as well as 
land-based non-point sources from overland runoff and through baseflow from 
infiltration.  The municipal dischargers currently operate disinfection processes and 
would meet F&W discharge limits end of pipe.  Sewer overflows and leaking sewer lines 
are a known problem in the watersheds and Jefferson County is currently under a 
consent decree that involves expenditure of $800 million to fix those problems by 2006. 
 
DATA ANALYSIS 
 
 There are three data sets available for analysis: 
 
1) Weekly measurements of fecal coliform bacteria during 2000 from two 

monitoring locations in Village Creek, one upstream from the WWTP and one 
downstream 

2) Flow records from the same monitoring locations on the same days 
3) Daily precipitation measurements during 2000 from a nearby airport 
 
 These data can help address three questions: 
 
1) What pattern of bacteria levels are exhibited in Village Creek and likely exhibited 

in Valley Creek? 
2) What influence do point source discharges have on bacteria levels in Village 

Creek and likely have in Valley Creek? 
3) To what extent do precipitation events and patterns affect bacteria levels in 

Village Creek and likely in Valley Creek?  
  

Figure 1 depicts upstream and downstream single sample bacteria measurements 
taken during 2000 plotted again the corresponding stream flow.  The data range is 
restricted to measures below 2000 Colony Forming Units (CFU)/100 ml to better 
observe the relationship.  Fecal concentrations do not correlate well with flow.  It is 
apparent that flow is greatly augmented by discharge with downstream measures 
associated with much higher flows.  Concentrations tend to be higher upstream of the 
discharge. 

 



 

Figure 2 depicts downstream bacteria levels plotted against upstream bacteria levels.  
The data range is restricted to measures below 1000 CFU/100 ml to better observe the 
relationship and avoid measures that are likely associated with sewer overflow events.  
The unity line helps show that, regardless of magnitude, the concentration downstream 
does not exceed concentration upstream.  This plot helps indicate that discharge of 
treated sewage from the WWTP is not a significant contributor to downstream bacteria 
levels. 

 
Figure 3a is a plot of the running geometric mean (using five weekly measures taken 
over approximately the previous 30 days) over the course of the year for both the 
upstream and downstream monitoring locations.  It shows an irregular pattern with 
downstream levels tending to follow upstream levels with an effluent dilution effect, 
with a notable exception of downstream geometric means plotted in early April, where 
highly elevated levels are likely indicative of raw sewage from a sewer overflow event.  In 
general, bacteria levels are low in winter months, rise in early spring, remain variable 
yet high into the summer months, fall somewhat in late summer/early autumn, then rise 
again in late autumn.  Values above the 1000 CFU/100 ml geometric mean bacteria 
criteria for LWF occur both the upstream and downstream monitoring locations.   
 
Figure 3b is the same plot depicting only data from the months of June-September.  
The June-September 200 CFU/100 ml bacteria criteria for F&W is consistently 
exceeded at both monitoring locations.  

 
Figures 4a-c are frequency distribution plots of year round single sample data, year 
round running geometric mean data, and June-September running geometric mean 
data.  At both monitoring locations, approximately 85 percent of single sample 
measures are below the 2000 CFU/100 ml single sample bacteria criteria for LWF, and 
about 90 percent of the running geometric mean values are below the 1000 CFU/100 ml 
geometric mean bacteria criteria for LWF.  During June-September, the running 
geometric mean consistently exceeded 200 CFU/100 ml and exceeded 400 CFU/100 ml 
almost half of the time at the downstream monitoring station and almost all of the time 
at the upstream monitoring station. 

 
Figure 5 depicts daily precipitation measurements during 2000 from a nearby airport 
that should accurately reflect precipitation in the Village Creek watershed.  Periods of 
relatively heavy rains occurred in March, late July/early August, and mid November. 

 
Figure 6a plots single sample bacteria measurements throughout the year on one axis 
and precipitation totals from the five days prior to bacteria measurement on the other 
axis.  The plot reveals a relationship between bacteria measurements and accumulated 
rainfall during the few days prior to measurement during the period from mid-March 
through late November, where rainfall peaks correspond to either upstream or 
downstream (or both typically) spikes in bacteria levels.  In general, approximately one 
inch of accumulated rainfall over 5 days corresponds to measured bacteria levels above 
1000 CFU/100 ml.  In particular, the heavy rains of March and November match the 
very high spikes in bacteria levels.  Two measures appear anomalous: the upstream and 
downstream bacteria spike on May 10 is not associated with significant prior rainfall 



 

and the upstream measurement on June 5 seems disproportionately high in comparison 
to the past five days rainfall.  Figure 6b is a close up of the plot for the mid June-
September time period when relatively heavy rains appear to result in smaller bacteria 
spikes in comparison to other seasons.  Season and temperature may play an important 
role in the relationship between precipitation and instream bacteria concentration.  Low 
temperatures in winter may not be favorable for bacteria survival, whereas warmer 
temperatures in late summer may result in a general higher level of bacteria growth but 
also an increased decay rate that results in smaller bacteria concentration spikes. 

 
Figure 7a plots the running geometric mean values also depicted in Figure 3a on one 
axis and precipitation totals from the 30 days prior to bacteria measurement on the 
other axis.  Each point thus represents a composite of conditions over the previous 
month.  This plot reveals a general relationship between bacteria measurements and 
accumulated rainfall during the same month, with the exception of data from early May 
to early June (plotted as values from early June-early July).  This deviation reflects the 
influence of the measurements taken on May 10 and June 5.  Figure 7b depicts the 
same data displayed in Figure 7a without those measures participating in the geometric 
mean calculations.  This does not imply that those measures are incorrect: only that they 
don’t fit the pattern with precipitation as do the other measures. 

 
DISCUSSION AND CONCLUSION 

 
 Bacteria measurements taken at the location downstream of the WWTP in Village 
Creek are either be equal to or lower than upstream measurement, except in instances 
where sewer overflows appear to have occurred.  It is clear from the data analysis that 
discharge of treated sewage from the WWTP is not a significant contributor to the 
measured downstream bacteria levels.  The correlation of downstream spikes in bacteria 
levels above 1000 CFU/100 ml with rainfall events, and the high spike in response to 
heavy March rains in particular, suggest that sewer overflows are the most likely cause.  
The correlation of upstream spikes in bacteria levels above 1000 CFU/100 ml with 
rainfall events could result from land-based sources such as domestic animals and 
wildlife affected by overland flow, or from non-point sources such as leaking sewer lines 
and leaking septic systems that are relatively close to the creek bed with short delivery 
times from groundwater to baseflow in the creek.  The high upstream spikes in response 
to significant rainfall events suggest leaking sewer lines as the most likely cause.  
Although a running geometric mean of 1000 CFU/100 ml and single sample maximum 
of 200 CFU/ 100 ml were exceeded approximately 10-15 percent of the time at both 
monitoring locations, it is anticipated that work to resolve the sewer overflows and 
replace leaking sewer lines will result in attainability of the LWF use classification with 
respect to bacteria criteria. 

 
 The pattern of correlation between precipitation over the previous 30 days and 
the running geometric mean of 5 weekly bacteria measures (monthly plots) suggest that 
non-point sources such as leaking sewer lines, domestic animals, wildlife, and leaking 
septic systems are the dominant contributors of bacteria levels to creek waters over 
longer periods of time, and that favorable conditions in the watershed for delivery may 
also play an important role.  During the June-September period, when rainfall was 



 

generally low, the running geometric mean consistently exceeded 200 CFU/100 ml and 
exceeded 400 CFU/100 ml almost half of the time at the downstream monitoring 
station and almost all of the time at the upstream monitoring station.  It is clear from 
the data and analysis that the primary contact recreation aspect of F&W is not attainable 
under the current conditions which include leaking sewer lines.   
 

No currently available information suggests that primary contact recreation is 
attainable.  In fact, the available information suggests that the magnitude of bacteria 
levels, the variety of sources, and the physical characteristics of the waterbody indicate 
that primary contact recreation to the degree of protection provided by the F&W use 
classification is not attainable, and the highest attainable use is LWF.  Therefore, a 
primary contact recreation use (such as F&W) is not designated at this time as a result of 
a combination of human-caused conditions (that may not be feasible to fully remedy), 
natural physical conditions of the watershed unrelated to water quality (e.g., high water 
table), and likely to a lesser extent natural sources of pollution.  However, it is 
anticipated that the substantial capital investment to resolve sewer overflows and 
replace leaking sewer lines will improve water quality.  It is not currently possible to 
determine the percent contribution from the known categories of non-point sources, nor 
is it possible to project the degree of success in terms of bacteria levels that will result 
from replacing the leaking sewer lines.  As new information becomes available that 
pertains to attainability of recreation in and on the water, it will be considered and water 
quality standards revised accordingly. 



 

Figure 1:  Bacteria Levels and Flow (Village Creek, 2000) 

 
Figure 2:  Upstream vs. Downstream Bacteria Levels (Village Creek, 2000) 
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Figure 3a:  Monthly Bacteria Levels (Village Creek, 2000) 
 

 
 
 
Figure 3b:  Monthly Bacteria Levels (Village Creek, June-Sep 2000) 
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Figure 4a:  Single Sample Frequency Distribution (Village Creek, 2000) 
 

 
 
Figure 4b:  Running Geometric Mean Frequency Distribution (Village 

Creek, 2000) 
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Figure 4c:  Running Geometric Mean Frequency Distribution (Village 

Creek, June-Sep 2000) 

 
 
Figure 5:  Daily Precipitation (Village Creek Watershed, 2000) 
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Figure 6a:  Weekly Bacteria Levels and Precipitation (Village Creek, 2000) 
 

 
 
Figure 6b:  Weekly Bacteria Levels and Precipitation (Village Creek, 2000) 
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Figure 7a:  Monthly Bacteria Levels and Precipitation (Village Creek, 2000) 
 

 
 
Figure 7b:  Monthly Bacteria Levels and Precipitation (Village Creek, 2000) 
 [excluding 5/10 and 6/5 bacteria measurements] 
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INTRODUCTION

The Federal Clean Water Act (PL 92-500) requires the State, from time to

time, but at least once every three years, to hold pUblic hearings to review

the State Surface Water Quality Standards and to make appropriate modifica­

tion to these standards. For all water bodies, for which the approved

standards do not include all of the uses described in section 101(a)(2) of the

Act, the Water Quality Standards Regulation (40 CFR 131) requires the State

to provide an analysis which demonstrates that the Section 101(a)(2) uses are

unattainable. Section 101(a)(2) sets an interim goal of "water quality which

provides for the protection and propagation of fish, shellfish and wildlife and

prOVides for recreation in and on the water." A use attainability analysis

meets this requirement of the RegUlation and must be submitted to the US

Environmental Protection Agency (EPA) by the State for all water bodies in

which the State: "(a) is designating uses for the water body, such that the

water body will not have all the uses which are included in Section 101(a)(2)

of the Act, (b) maintaining uses for the water body which do not inclUde all of

the uses in Section 101(a)(2) of the Act, (c) removing a use included in Section

101(a)(2) of the Act or (d) modifying a use, included in Section 101(a)(2) of the

Act, to require less stringent criteria" (48 FR 51401). A fUll use attainability

study is required only for each water body and designated uses. As part of

each subsequent triennial review of the Water Quality Standards, the State is

reqUired to re-examine the basis that was used to exclude specific uses, given

in Section 101(a)(2) of the Act, and to consider any new information that is

available which could indicate that a revision of the applicable standard is

warranted.

i.



The Water Quality Standards RegUlation describes a use attainability analysis as a

"multi-step scientific assessment of the physical, chemical, biological and econom­

ic factors affecting the attainment of the use. It includes a water body survey and

assessment, a wasteload allocation, and an economic analysis, if appropriate" (48

FR 51401). The State may designate uses for a water, which do not reflect the

Section 101(a)(2) goals, if the use attainability analysis demonstrates that the use is

not attainable because of any of the following:

"(1) Naturally occurring pollutant concentrations prevent the attainment of

the use; or

(2) Natural, ephemeral, intermittent or low flow conditions or water levels

prevent the attainment of the use, unless these conditions may be compen­

sated for, by the discharge of sufficient volume of effluent discharges

without violating State water conservation reqttirements, to enable uses to be

met; or

(3) Human caused conditions or sources of pollution prevent the attainment of

the use and cannot be remedied or would cause more environmental damage

to correct than to leave in place; or

(4) Darns, diversions or other types of hydrologic modifications preclude the

attainment of the use, and it is not feasible to restore the water body to its

original condition or to operate such modification in a way that would result

in the attainment of the use; or

i i .

-----------_..-~.-.._-,-_._--_ ..



(5) Physical conditions related to the natural features of the water body, such

as the lack of a proper substrate, cover, flow, depth, pools, riffles, and the

like, lIDrelated to water quality, preclude attainment of aquatic life protec-

tion uses; or

(6) Controls more stringent than those required by Sections 301(b) and 306 of

the Act would result in substantial and widespread economic and social

impact."

NYS's Surface Water Quality Standards incorporate designated uses for Class "I"

and "SD" water that do not include all of the Section 101(a)(2) uses. Class "I"

waters are fishable, but are not swimmable; Class "SD" are neither swimmable nor

fishable and are not designated for shellfishing.

The key parameters in the determination of use are coliform bacteria and dissolved

oxygen. Bacterial concentrations restrict swimming and shellfishing uses, while

low dissolved oxygen levels limit the aquatic biota.

The purpose of this report is to present a Use Attainability Analysis (UAA) for the

follOWing waters in the New York Harbor Complex which do not meet the Section

101(a)(2) goals of the Clean Water Act. These waters include:

Hudson River, from the New York - New Jersey line to Upper N.Y. Bay

Upper N.Y. Bay

Lower N.Y. Bay

Jamaica Bay

East River, from Flushing Bay to Upper N.Y. Bay

Harlem River

iii.



For such waters, a UAA is a requisite to complete the Water Quality Standards

review/revision process, consistent with the Federai Clean Water Act. This is aiso

necessary for compliance with Section 24 of the Federal Municipai Wastewater

Treatment Construction Grants Amendments of 1981 thus permitting Federai

Construction Grants for the following projects which impact these waters:

North River WPCP

Red Hook WPCP

Coney Island WPCP

Owls Head WPCP

This is part of New York States overall program to assess Water Quality Standards

and Classifications and is described in the Water Quality Standards Attainability

Strategy which details the plan to the employed by New York State Department of

Environmen tai Conservation in meeting the swimmable/fishable water quality goals

of section 10l(a)(2) of the CW A.

i v.



USE ATTAINABILITY ANALYSIS FOR THE

NEW YORK HARBOR

Study Area Description

The Lower Hudson River is actually a fjord or drowned river. In its

geological formation the Hudson River above its current mouth was actually a

lake. As the level of water in the lake increased with glacial melt it

breached the narrow strip of land on its southern border (currently the

Narrows between Staten Island and Brooklyn) and began flowing to the ocean.

Later the ocean rose and covered the lower third of the Hudson (now known as

the Hudson rift and canyon).

As a result of this formation, sections of the Hudson above the Narrows

are deeper than the waters in the New York bight and the Atlantic ocean.

The depths used in the steady state model of New York Harbor which was

developed by Hydroscience Inc. are shown in Figure 1. The center line,

plotting transects used in this plot and in subsequent plots, is shown in

Figure 2.

With the effects of tide felt as far north as Troy, the lower 150 miles

of the Hudson is swept by a semi diurnal tide. The mean tidal range in the

Lower Hudson ranges from 2.9 ft. to 4.4 ft. The average maximum flood

current varies from 0.8 to 1.7 knots (1.3 to 2.9 fps) and the maximum ebb

current varies from 1.1 to 2.3 knots (1.9 to 3.8 fps) The tides carry

.salinity up the Hudson River approximately 45 miles to Bear Mountain thus

creating an estuarine environm~nt in this reach of the river.
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intolerance to salinity variations.

2

Troy is the first point upstream of the mouth where the fresh water

flow in the Hudson can be measured. The fresh water flows for the Lower

Hudson have to be approximated using measured tributary flows and a unit

runoff per drainage area method. According to the Hydroscience analysis at

low flows, the fresh water flow at Bear Mountain is 120 percent of the flow

measured at Troy.

,/The Lower Hudson is considered a moderately stratified estuary. The

stratification occurs when the freshwater flowing downstream meets the more

dense saline water which flows upstream with the tide. The freshwater flows

over the saline water causing a wedge of saline water of flow upstream under

the freshwater. The difference in densities minimizes the mixing of the

waters. This creates a two layered system in the estuary which does effect

the distribution of water quality constituents.

The salinity intrusion in the Lower Hudson also creates a estuarine

ecosystem in the area. The aquatic life indigenous to such an environment

must be able to withstand daily and seasonal fluctuations in salinity. The

aquatic population of the Lower Hudson is made up of resident and

non-resident species. The non resident species include those species of

marine fish which spawn in fresh waters and fish which spawn in marine

waters but spend a portion of there life in fresh water. The resident

species are those which are confined by their lack of mobility or their

/
Unlike the Hudson the East River is not a river at all. The East River

is actually a strait between Upper Bay and Long Island Sound.

substantially a dispersive system driven by the tide.

It is

The mean tidal range in _the East River ranges from 4.1 to 6.4 feet.

The flood currents vary from 1.2 to 3.8 knots (2.0 to 6.4 fps) and the ebb

currents vary from 0.6 to 4.7 knots (1.0 to 7.9 fps). The East River floods

from the Battery towards Long Island Sound.

-----------------
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Both the Hudson and the Upper Bay flow into the East River during the

first two hours of flooding and the East River flows into both systems for

the first hour of ebbing. During other times the East River either flows

into or from the Upper Bay. The interaction with the Hudson does introduce

fresh water to the East River but not enough to cause stratification.

The depths used in the East River portion of the steady state model are

also shown in Figure 1.

The Upper Bay which forms the major port facilities in New York City,

is the common mouth of the Hudson River, East River, and the Kill Van Kull.

The Upper Bay discharges through the Narrows into the Lower Bay.

The Upper Bay and the Narrows encompass approximately 21 square miles

and has an average depth at mean low water of approximately 22 feet. The

mean tidal range at the Battery is 4.6 feet. The neap and spring tidal

ranges are 3.6 and 5.2 feet respectively. The maximum flood current at the

Narrows varies from .3 to 2.1 knots (.5 to 2.5 fps). The maximum ebb tide

varies from .7 to 2.4 knots (1.2 to 4.1 fps). The aver~ge tidal prism

through the Narrows is approximately 20 percent of the Upper Bay volume at

low flow.

The Upper Bay is usually completelY mixed vertically. However, certain

flow and temperature conditions c~n cause short term vertical

stratification. In general past studies indicate that the biological

community in the Bay is similiar to that found in the .Hudson and East

Rivers.

The Narrows flow into the Lower Bay and then to the Atlantic. The

Lower Bay also receives water from Jamaica Bay and Raritan Bay. The waters

from Newark Bay and the Arthur .Kill enters the Lower Bay through Raritan

Bay. Newark Bay also discharges into the Upper Bay through the Kill Van

Kull.
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Jamaica Bay is a shallow bay which supports an extensive system of

tidal marshes. The bay covers an area of approximately 20 square miles and

has a mean depth of approximately 16 feet. The daily freshwater input to

the bay is less than 1 percent of the total volume and the interchange with

the ocean is restricted to the Rockaway Inlet. Approximately a third of the

bay's volume flows in and out of the inlet on the flood and ebb tides. The

9volume of the Bay is 7 x 10 cubic feet at the mean tide level.

The Jamaica Bay waters and most of the land in and surrounding the Bay

make up the Gateway National Recreation Area. It is an ecologically

sensitive area and protected natural environment. Estuaries like Jamaica

Bay with their salt water marshes and tidal wetlands are noted for their

high productivity and their importance as a spawning, nursery and feeding

ground for juvenile fish. The estuaries also provide an excellent habitat

for marine invertebrates, mollusks, birds and mammals.

The New York Metropolitan Area with its dense population and

development has severely impacted the marine ecosystems of the Hudson, the

East River and the other water bodies in the New York Harbor System. These

waters are forced to assimilate large discharges of municipal and industrial

wastes as well as intermittent wastes entering the system through wet

weather discharges. A large portion of these wastes are currently

untreated. An estimation of the waste water flows entering the harbor is

shown in Table 1. In addition to conventional pollutants, those discharges

contain a wide assortment of toxic substance which have been polluting both

the water and sediments in the harbor.

In addition to these discharges, the Harbor is impacted by the port ac-

tivities. The shipping channels, ports, marinas and fuel storage and

transfer points are shown in Figure 3. The movement to container shipping

has affected the Port of New York by ~oncentrating the shipping activities

--_._----_....
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at the container ports. Many of the smaller ports have been abandoned and

are in disrepair. The decrease in commercial shipping has been offset by

recreational boating and the harbor is quite active. The risk of oil spills

and spillage of other pollutants which could affect the aquatic and

recreational uses are high in such a port.



TABLE 1

Estimation of Wastewater Flow to the New Jersey/New York Harbor Complex

Pollution Source

Combined Sewer Overflow (CSO)

Raw Sewage Discharge (Point Source)

Other Urban Non-point Sources

New York/New Jersey Treated Effluent
(undisinfected in winter)

Daily Flow (MGD)*

500

203

125

1,830

*Flows are based on annual average rainfall.

Table taken from Water Quality Management Assessment Due to Marine CSO
Abatement Along the New Jersey Shore prepared by the Bureau of System Analysis and
Wasteload Allocation N.J. DEP.
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NYS Classifications and Standards for Marine Waters

The marine waters in New York State are classified on a best use basis.

The best uses are ranked according to the water quality requirements of the

usage. There are four designated uses considered in the classification

scheme, shellfishing, bathing (primary recreation), fishing (finfish

propagation) and fish survival. The general aquatic uses such as aesthetic

enjoyment and the maintenance of fish and wildlife are assumed in all

classifications. A best use classification includes all uses of the lower

classifications

classifications.

and excludes

For example,

the uses specified in the higher

a primary recreation classification would

allow all uses except for the taking of shellfish for. market purposes which

is a higher use specified in the shellfishing classification. The

classification system also precludes a higher usage if the standards of a

lower use are being used. For example, if the water body is not suitable for

fishing it is not suitable for swimming either.

For each best use classification there are water quality criteria or

standards which have to be met in order to protect and preserve the intended

use of the water. These standards apply to the following parameters;

dissolved oxygen, coliform bacteria, pH, temperature, dissolved solids,

turbidity color, taste and odor, floating materials, oil and toxic wastes.

Since all waters are intended for general uses such as aesthetic

enjoyment and maintenance of fish and wild life most of the standards apply

to all the

marine water bodies regardless of the classification. Only the Dissolved

Oxygen, coliform bacteria, and toxic waste standards vary from

classification to classificatign.
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The classifications and standards are shown in Table 2. Note that

Class SC and Class I have the same best use specification, the difference

between the classes lies in the Dissolved Oxygen standard.

All the waters in the New York Harbor system which are under New York

State Department of Environmental Conservation's jurisdiction are also under

the jurisdiction of the Interstate Sanitation Commission. In addition the

Hudson River, Upper Bay, Lower Bay, Raritan Bay, the Authur Kill and the

Kill Van Kull fall under the jurisdiction of New Jersey's Department of

Environmental Protection. Each agency has its own water quality

classification system. The best use designations of these classification

systems are consistent for Harbor waters.

The New York State Classifications for the waters of New York Harbor

are shown in figure 4.

Existing Uses

The Department of Environmental Conservation considers The Harbor

waters to be effluent limited waterbody segments. This means that the

technology based effluent limitations required by the Clean Water Act are

sufficient to meet the present water quality standards. This does not mean,

however, that the applicable standards are presently being met in these

water bodies. What it does mean is that when the existing and proposed

pollution control proj ects are at the technological treatment required by

the Clean Water Act, the expected instream water quality will meet the

current standards.

The Hudson River below th., New York - New Jersey line is currently

classified as a Class I waterway. The best use specification for a Class I

water body states, "The waters shall be suitable for secondary contact
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recreation and other usage except for primary contact recreation and

shellfishing for market purposes." The Hudson above the New York - New

Jersey line is classified "SB".

The East River is classified as an SD water body. The best use

specification for the SD class is, "All waters not primarily for

recreational purposes, shellfish culture or the development of fishlife and

because of natural or man-made conditions cannot meet the requirements of

these uses. 1I

The water quality in the Lower Hudson and the East River is below the

designated standards for the respective water bodies. Both presently

receive large quantities of raw sewage. The Red Hook Water Pollution

Control Project and the North River Pollution Control Project are designated

to eliminate these raw sewage discharges.

The North River sewage treatment plant and the Red Hook sewage

treatment plant are the last two plants to be bUilt in New York City to

provide secondary treatment for currently untreated wastes. The North River

STP will eliminate approximately 150 million gallons a day of raw sewage

currently being discharged to the Hudson River. The Red Hook treatment

Plant will eliminate about 53 million gallons a day of raw sewage which is

now being discharged into the Buttermilk Channel and the Gowanus Canal

(tributaries to the East River).

According to the North River facility plan the water quality

improvement brought about by this project and other proposed projects in the

area will promote the survival and reproduction of most, if not all, species

of fish native to the Hudson. According to the Red Hook facilities plan,

the completion of both project;s will result in SUDDDer dissolved oxygen

concentrations in the East River greater than 4.2 mg/l. The present SUDDDer

dissolved oxygen concentrations in the Lower East River are between 2.1 and

2.6 mg/I.
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The Upper Bay including the Narrows like the Lower Hudson is classified

Class I with the same best usage described above.

At the common mouth of the Hudson River, East River and Kill Van Kull

the Upper Bay indirectly receives and to some degree dilutes most of the

waste from the metropolitan area. The Bay also receives a direct discharge

from the Owls Head water pollution control plant located in Brooklyn. The

plant discharges into the Bay Ridge Shipping Channel on the east side of the

Bay. The Owls Head plant serves an area of approximately 13,664 acres with

a population of about 785,000. At present the plant treats 100 MGD of

waste. The plant is over thirty years old and removes 69 percent of the

suspended solids and 57 percent of the BOD influent load. The plant is

being upgraded to attain 85 percent removal of these parameters as required

by the Federal Clean Water Act.

The water quality in the Upper Bay is highly .correlated with the

freshwater flow and temperature of the Hudson River. During low flow

periods the water quality tends to degrade because of a loss of dilution and

high temperatures tend to degrade the quality by intensifying the oxygen

demand in the system. The dissolved oxygen standard of 4.0 mg/l is

frequently violated during the summer months.

The Lower Bay and Jamaica Bay have an "SB" Classification. The best

use specification for an "SB" water body reads as follows: "The waters

shall be suitable for primary and secondary contact recreation and any other

use except for the taking of shellfish for market purposes."

The standards for this classification are often violated in Jamaica Bay

and Lower Bay. Based on comprehensive sets of data collected during the

summers of 1974, 1975 and 1976_ the dissolved oxygen concentrations were

below the 5.0 mg/l standard 25 percent of the time in the Lower Bay and 32
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percent of the time in the bottom waters of Jamaica Bay. The coliform

standards are also violated in the Lower Bay. Some of the Coney Island and

Staten Island Beaches are posted (i.e., swimming is not recommended) because

of coliform standard contraventions. The coliform standards were met in

Jamaica Bay except near Howard Beach.

Subsequent routine sampling in this area indicates an improvement in

the dissolved oxygen concentrations, however, violations of the standard

still occur. The improvement is probably due to improvements made to the

water pollution control plants which discharge to this area.

The Coney Island Water Pollution Control Plant discharges into the

Rockaway Inlet which connects Jamaica Bay with the Atlantic Ocean. The

plant services an area of 14,200 acres with a population of approximately

690,000. The plant currently treats 97 MGD and removes 50 to 60 percent of

the influent BOD and suspended solids.

The Coney Island plant is not the only plant in the Jamaica Bay area.

The Bay also receives continuous discharges from the 26th Ward, Jamaica,

Rockaway Inwood and Cedarhurst Water Pollution Control Plants. Seventy

percent of the freshwater input to the bay is the result of these

discharges. The remaining thirty percent enters the system through storm

water overflows and storm water runoff.

The Atlantic Ocean off Rockaway is classified "SA" with a best use that

reads as follows: "The waters shall be suitable for shellfishing for market

purposes and p,rimary and secondary recreation." The coliform standards for

shellfishing are not met in portions of this area.

Dry weather sewage discharges are not the only way raw sewage enters

the harbor system. Shock loajiings of pollutants enter the system through

storm water discharges and combined sewer overflows. These additional
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loadings may negate the protection provided by the dry weather discharge

control approach. During the critical summer months rain events usually

occur every 3 to 4 days. The re.sulting combined sewer overflows and storm

water discharges from these storms often have higher pollutant

concentrations than the continuous discharges to the system.

The duration of the intermittent water quality caused by these

discharges depends on the intensity and duration of the rain event. The

intermittent effect can disappear over one or two tidal cycles or persist

for several weeks. The intermittent water quality problems and problem

areas are shown in Figure 5.

According to the 208 intermittent water quality evaluation the coliform

(total and fecal) levels in New York Harbor were often 2 to 6 times higher

during wet periods than dry periods. The evaluation also estimated that in

the Hudson River, on 57 percent of the 122 summer days (June 1 - September

30) the intermittent coliform levels were present. This estimation

considered only rainfall events greater than .11 inches/hr in intensity.

Due to the frequency of the summer storm events the Harbor is rarely

found to be in the steady state dry weather condition which is used to set

the continuous discharge limits.

Intermittent discharges (i.e., CSO's and storm overflows) are of

special significance to the water quality of Jamaica Bay.

According to the 208 analysis the intermittent discharges do not appear

to contribute to dissolved oxygen violations in the Harbor. The BOD loads

entering the harbor during these wet periods do not significantly alter the

dry weather BOD concentrations. However, New York State Department of

Environmental Conservation has determined that further study of CSO impacts

with respect to dissolved oxygen is necessary.



•

••

IIA.,IOR I"TIRMIiT'UT
...T[R OU"'L.ITY "ROIL[M$

TIMlER

OIL "'No GltE"S[

St"AGt ~ ItE\.ATED OUltlS
AND COl.I"OltIlS

S["... Of - III[I. ...T£D DtIRIS.
COl.lfO.MS, "NO TIMIUt

SE ....GE - "[l....TtO ot'''15.
COlIFORMS, ANO OIL AHO GJIt!...U

ICI.I

o ' I l .. I .1 ...11

WATt" IODY

I NUDIOII _IVlf!

2 L.OIII II&.""D toutlll

3 (UT Mil NARUM JlIYEII,
4 uHoEJI I4Y

S U'TMUJl 1:"'" IILL w'" IlULL,
....D .r M'

6 1.0Wrlll, 111........0 .....OY Mooa un
7 ",1IAIc.a M'
B ITLUTIC oca....

INTERlIlTTENT WATER
QUALITY PROIlLElI AREAS

.." , •••, ., ••., , "" ..UC"...
• ""T•••T O. CITT " '.e

.UI .
T"'. UI . .,.

FIGURE 5



12

These discharges do however impact the coliform concentrations in the

Harbor. The predicted coliform concentrations shown in figure 6 are due to

these discharges. The projections shown in figure 6 were made using the 208

steady state model. The steady state combined sewer overflow loads and

stormwater runoff loads were generated using a storm intensity of .12

inches/day (a daily average of the annual rainfall); Secondary treatment

with chlorination was assumed at all the municipal treatment plants so the

plants effect on the projected coliform levels are insignificant.

In order to insure compliance with current water quality standards and

protect the designated aquatic uses some sort of combined sewer overflow

abatement program may be necessary. However, the details of such a program

need further study and definition. In order to accomplish this, New York

State has required the City of New York to undertake a more detailed

evaluation of csa problems and abatement alternatives for the New York

Harbor Complex. This study has just begun and will be critical in assessing

the degree of CSO abatement measures which must be implemented to attain

water quality goals.

The effects of combined sewer overflow abatement programs were

previously analyzed along with other waste treatment alternatives as part of

the 208 area-wide wastetreatment management planning process. One of the

alternatives studied by the NYC Department of Environmental Protection was

"the present requirement alternative". The obj ect of this alternative was

compliance with all Federal. State, inter-state water quality/effluent

standards for the metropolitan area. The objective standards and a summary

of the treatment required to meet those standards are shown in Figure 7. In

assessing "the present req!,iFement alternatives" the New York City

Department of Environmental Protection assumed a 90 percent capture and
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storage of all combined sewer overflows for an average year's rainfall. The

stored overflows would receive primary treatment or better before being

discharged.

The 208 model predictions for the base line conditions (1980) can be

used to predict the current condition of the Harbor waters since there have

been no significant changes to that treatment senarib and none will occur

until the Red Hook and North River Water Pollution Control plants go on

line. The dissolved oxygen baseline concentrations are shown in figure 8

and 9. Figure 10 shows the baseline total coliform concentrations in the

Harbor. Figure 11 shows the areas of the Harbor where the coliform

standards are violated.

. ...__._--"-_..•-
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Assessment of Attainable Uses

Approach to Use Attainability

New York Harbor has been the subject of many investigations in the past and therefore

this analysis is based on existing data and the current assessment of the Department of

Environmental Conservation (DEC) personnel who are familiar with the system. Since the

Harbor is an interstate waterbody the Interstate Sanitation Commission, the State of New

Jersey, EPA Region n and EPA Headquarters were also consulted.

The primary sources of information for the analysis are the documents generated by

the New York City 208 Area-Wide Waste Treatment Management Planning Program. As

part of the 208 process, the NYC Department of Environmental Protection evaluated

various water quality alternatives and determined the amount of treatment necessary to

attain the objectives of each alternative. The alternatives investigated were based on

desired aquatic uses. Therefore, the results of the 208 analysis can readily be used in a Use

Attainability Analysis.

A list of reports which were reviewed or consulted in preparing this report are

contained in AppendiX 1.

Analysis Conducted

The reports reviewed treat the physical and biological factors in a general way. All

reports indicate that historically the New York Harbor, _System was a productive marine

ecosystem with a diverse biota. Presently, however, the diversity and productivity of the

system is severely impacted.
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The Department does not believe there are potentially exploitable commercial

shellfish population in the Hudson River within New York City and Westchester/Rockland

Counties. This assessment is based upon a review of biological data collected by various

institutions and consultants which do not document extensive population of commercially

important shellfish species in the areas. It is not clear at this time if this absence of

shellfish is due to physical, environmental or pollutional reasons.

The designation of a swimming use for the Hudson River and Upper New York Bay is

dependent upon attainment of the coliform standard of 200 MPN fecal coliform/lOO mI.

Heavy bacterial pollution is currently present in most of the metropolitan Hudson,

especially below its confluence with the Harlem River. These high fecal coliform levels are

sUbstantiated from data observations illustrated in Figures 17 through 19. As shown, the

fecal coliform density peaks at about 40,000 in the neighborhood of the Battery Park.

The principal sources of bacterial pollution in the Hudson River are the heavy

discharges of untreated and inadequately treated sewage from New York and New Jersey.

Approximately 200 MGD of untreated sewage flows into the Hudson River and Upper New

York Bay from New York City. Other sources of coliform pollution may be attributed to

CSOs, urban runoff, plant and sewerline leakages and by-passes on both sides of the river.

Figures 20 through 23 present the coliform projections in the Harbor complex, based on the

NYC 208 report. Various treatment alternatives were considered in this projection analysis.
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The chemical factors and the physical factors which affect the transport and

distribution of the chemical pollutants were analyzed through the use of a steady state

mathematical model developed by Hydroscience, Inc., as part of the 208 program.

The steady state model simulates tidal movements which occur in the system by taking

into account the distribution of the various parameters brought about by that movement

through the use of dispersion coefficients. The model used a two layered segment scheme in

the Hudson estuary portion of the model to address the vertical stratification which exists in

the estuary. The model segmentation of the harbor is shown in Figure 12.

The N.Y.C. 208 study surveyed seasonal dry weather water quality in New York Harbor

during the late summer (August-September 1975), late fall/winter (November-December,

1976), and late spring/summer (June-July, 1977). Surface and bottom samples were taken at

87 stations through out the Harbor. Surveys conducted in the summers of 1965 and 1970

were also used in the model development. The flows during the sum mer of 1965

approximated the 7-day, 10-year low flow which is traditionally used as a critical condition

in waste load allocations.

In addition to the dry weather surveys, two storm events were monitored as part of the

208 stUdy. The 208 water-quality sampling stations are also shown in Figure 12.

Hudson River & Upper New York Bay

As indicated previously the Hudson River and Upper New York Bay are currently

classified for fish propogation (Class "1"). Therefore, an assessment of the potential for

shellfishillg and bathing use must be addressed.



00· "

-..,. "

--"

,..

• 101 n"IOIlIH IUI~LI'"

10' r.Ttll.,"III' ..... ~LI.I
11:1.,., lUll. III •

UI "I~I 111~01" "._ lIS
'0' 11 •• IIIt ""'lUI',
"·'''0. "",.'l' ."0 LA''''''!)I'
~I)II" 1UOI

SCALE
o I 2 :5 ... 5 M litt

_ • .IOtKT

...·1 ••·

••• oo<r..oo< .....

--
I.' ..

FIGURE 12

-.....

•
IIIEw YOII:1I: '·'0

.., 01'

\.CO.UC.CTICUl

......

..... ..,

OUUflS

no ~

;~;-s ~ A\ ('tw1I _.
.,_ ~i.J ::.zu"~

'J,~--,- ~ :::--'" ".- -~...

"0' "'.

.0"'1$

a ...·

....,
208 WATER QUALITY l

SAMPLING STATIONS



17.

As seen, with the secondary treatment alternative (all plants at the secondary level)

the fecal coliform levels (assuming fecal coliform = total coliform/4) in the Hudson River,

between the State line and its confluence with the Harlem River, will fall below the

criterion for SB classification (200 MPN/IOO ml). Therefore, in view of these anticipated

improvements in the near future, the Hudson River segment between the State line and its

confluence with the Harlem River, is recommended to be upgraded to SB classification,

hence, made swimmable. ,:,'

However, for the Hudson River segment between the Harlem River junction, and the

Battery, and Upper New York Bay itself, the secondary treatment alternative is predicte"d to

only lower the fecal coliform levels to less than the existing Class I criterion (2,000

MPN/IOO ml) but the criterion for SB classification (FC =200 MPN/IOO ml) will still not be

met. According to the NYC 208 Report, only the zero discharge alternative, with 90% CSO

control, predicts sufficient coliform reductions to achieve the swimmable goals. Further­

more, ev.en the zero discharge alternative does not predict sufficient coliform reductions to

attain shellfish goals (total coliform less than 70 MPN/100 MPN for direct harvesting).

East River &. Harlem River

The East River between the Battery and Flushing Bay is presently classified for Fish

Passage (SU).

The East River with its strong tidal currents and deep hard substrate provides a

somewhat limited and harsh environment. Mans activities have caused severe changes to

the physical characteristics of tj1e ·East River. These changes include river enroachment

(landfill), dredging, blasting and pollution.
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Yet recent studies indicate fish, benthic, phytoplankton, zooplankton and periphyton

populations exist in the East River. The various communities are made up of species which

can tolerate such an environment, but those communities are balanced and with some

exceptions not so different from the communities which existed two hundred years ago.

The Newton Creek 30l(h) Report prepared by Hazen and Sawyer Engineers states that

"With the exception of oysters and possible communities associated with shallows and tidal

areas, the bio-system comprised primarily of non-resident species, is similar today to what

it was two hundred years ago. Pollution stresses may limit growth of certain species of

phytoplankton and zooplankton as well as residence time for various fish species. Channeli­

zation and removal of rocks and reefs may limit feeding areas fo the non-resident species.

The loss of oyster beds is permanent due to the loss of habitat, freshwater inflow,

shallows, tidal areas and wetlands."

As part of the same report Hazen and Sawyer conducted an angler survey between

August and December of 1982. Twenty-four fish species were caught during that period.

Most were considered migratory species, however, three species were considered to be

residen ts of the East Rivel'.

Based upon this information it appears that upgrading of the use designation to Fish

Propagation (Class 1) is appropriate. Analysis performed as part of the N. Y.C. 208 and

Newtown Creek 301(h) indicate that the D.O. standard of never less than 4 mg/l, coliform

standard of 10,000 MPN/100 ml and fecal coliform of 2,000 MPN/100 ml are attainable with

the application of secondary treatment to municipal point sources.
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Therefore, the Department as part of a separate hearing process has proposed to

reclassify this portion of the East River and Harlem River to Class I (Fish Propogation).

The designation of a swimming use for this portion of the East River and Harlem River

is dependent upon attainment of the coliform standard of 200 MPN fecal coliform/lOO mI.

Heavy bacterial pollution is currently present in most of East River and Harlem River.

High fecal coliform levels are substantiated from data observation, as illustrated in Figures

17 through 19. As shown, the fecal coliform density peaks at about 40,000 in the

neighborhood of the Battery and 100,000 in portions of the Harlem River.

The principal sources of bacterial pollution in the East River are the discharge of

untreated sewage from the Red Hook drainage area in Brooklyn. Approximately 50 MOD of

raw sewage flows into the East River from New York City. Other sources of coliform

pollution may be attributed to CSOs, urban runoff, plant and sewerline leakages and by­

passes on both sides of the river. Figures 20 through 23 present the coliform projections in

the Harbor complex, based on the NYC 208 report. Various treatment alternatives were

considered in this projection analysis. As seen, with the secondary treatment alternative

(all plants at the secondary level) the fecal coliform levels (assuming fecal coliform = total

coliform/4) in the East River, and Harlem, will not fall below the criterion for SB

classification (200 MPN/lOO ml). According to the NYC 208 Report, even the zero

discharge alternative, with 90% csa control, does not predict sufficient coliform reductions

to achie ve the swim mable goals or direct shellfishing goals.



20.

Jamaica Bay

Jamaica Bay is currently classified for sWimming (SB). However, as indicated in

Figure 13 a hard clam resource exists within Jamaica Bay.

The designation of a shellfishing use (SA Direct Shellfish Harvesting) is dependent upon

the attainment of coliform standard of 70 MPN total coliform/IOO mI.

The principal sources of bacterial pollution in Jamaica Bay are attributed to csa.

High coliform levels are substan tiated from periods of data observation, as illustrated

in Figures 14 through 16.

Figures 20 through 23 present the coliform projections in the Harbor complex, based

on the NYC 208 report. Various treatment alternatives were considered in this projection

analysis. However, for the Jamaica Bay, the secondary treatment alternative is not

predicted to lower the total coliform levels below criterion (70 MPN/IOO mll for direct

shellfishing. According to the NYC 208 Report, even the zero discharge alternative, with

90% control, does not predict sufficient coliform reductions to achieve the direct shellfish­

ing goals.

Lower New York Bay

Lower New York Bay is currently classified for swimming (SB). However, as indicated

in Figure 13 a hard clam resource exists in lower N.Y. Bay:

I
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The designation of a shellfishing use (SA Direct Shellfish Harvesting) is dependent upon

the attainment of the total coliform criteria of 70 MPN/100 ml.

High total coliform levels are substantiated from data observation, illustrated in

Figures 14 through 16.

The principal sources of bacterial pollution in the Lower New York Bay are the carry

over discharges of untreated and inadequately treated sewage from New York and New

Jersey. Approximately 200 MGD of raw sewage flows into the Hudson River from New York

City. Other sources of coliform pollution may be attributed to CSOs, urban runoff, plant

and sewerline leakages and by-passes on both sides of the river. Figures 20 through 23

present the coliform projections in the Harbor complex, based on the NYC 208 report.

Various treatment alternatives were considered in this projection analysis. As seen, with

the secondary treatment alternative (all plants at the secondary level) the total coliform

levels in the Lower New York Bay, will not be below the criterion for SA classification (70

MPN/100 mI). According to the NYC 208 Report, only the zero discharge alternative, with

90% CSO control, predicts sufficient coliform reductions to achieve the direct shellfishing

goals.

Assessment of Alternatives

Based on the NYC 208 report, only the zero discharge alternative, with 90% CSO

control, predicts sufficient coliform reductions to achieve the shellfishing/swimming goals

. for water in the New York Harbor Complex. In fact, in some cases, even the zero discharge

does not predict sufficient coliform-reductions to achieve shellfishing goals. However, the

NYC 208 report concluded that based on environmental, technical and institutional factors,

this alternative is not feasible. Even if implemented, the projected improvements in the
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water quality may still not materialize, since the precision of the NYC 208 water quality

model to predict total and fecal coliform levels has not been demonstrated for the bacterial

levels in question. Furthermore, the remaining 10% of the esos will still have some impact

on the Lower New York Bay. The alternative provides that the esos are to be captured and

then given primary treatment followed by disinfection. The estimated reductions in the

coliform bacteria, via chlorination of primary treated captured CSO, may have been

overstated. It is also recognized that the applicability of steady state models to CSO and/or

coliform bacteria analysis is limited.

eso abatement is the crucial factor in meeting the swimmable/fishable water quality

goals. The zero discharge alternative entails in-line (sewers) and off-line storage, followed

by primary treatment and disinfection. Based on the NYC 208 stUdy, the current costs

associated with this CSO control scheme are estimated to be over 7 billion dollars (updated

from the original (1975) 3.5 billion dollars). The engineering feasibility of this eso control

program has not been established. A detailed study, involving over 600 major eso points,

generally distributed throughout the harbor region, is required. Therefore, pending detailed

engineering evaluations of this alternative (90% of eso con troll and others, it is jUdged that

its feasibility has not been demonstrated.
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CONCLUSIONS AND RECOMMENDATIONS

Recognizing the scope and limitations of the analyses to date, further studies are

underway and will be continued. It is possible that other treatment/abatement alternatives

for CSOs, which were not evaluated in the New York City 208 planning process, could

produce the desired result of attaining swimmable and shellfishing water quality. New

Jersey is currently actively pursuing Marine CSO abatement funding under Sectioo 20l(n) for

local communities. Additionally, New York State has required the City of New York to

undertake a more detailed evaluation of CSO problems and abatement alternatives for the

New York Harbor Complex. This study has just begun.

During the same time period as the CSO study, the North River and Red Hook Water

Pollution Control Facilities will begin to treat and provide disinfection for flows which are

currently discharged without treatment to the Hudson River and the Lower East River.

Continued monitoring during the time period will help to evaluate the predictive

capability of the New York City 208 model and provide an up-to-date data base in order to

determine if the swimmable/shellfishing goals are attainable.

Based upon this report, the following waters are recommended for upgrading:

1. The East River (from the Battery to Flushing Bay) and the Harlem River (East

River to Washington Bridge) from SD to I

2. The Hudson River (from the Harlem River confluence to the N.J. - N.Y. border)

from I to SB
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The existing classification of the following waters should be retained:

1. Hudson River (from the Harlem River to Battery) - Class I

2. Upper New York Bay - Class I

3. Harlem River (Washington Bridge to Hudson River) - Class I

4. Jamica Bay - Class SB

5. Lower New York Bay - Class SB

It is further recommended that the following programs and studies be instituted or

continued:

1. On-going studies to determine the extent of water quality improvements

resulting from low cost and technically feasible programs, such as regulator leakage

correction, and non-structural controls, such as street sweepings, etc.

2. Enhancement of the Harbor Complex monitoring network, tailored to determine

the water quality improvements resulting from the anticipated upgrading of pUblic

wastewater plants.

3. Consideration of area-wide and site-specific studies and/or corrective actions to

restore the intended uses, such as shellfishing, bathing, etc.

4. Continuation of interstate cooperation in water quality improvement programs in

the Harbor complex. Continuation of steering committee coordination in assessment

of specific problems, such a~ upgrading of stream uses, if and when warranted.
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Confirmation and implementation of ongoing and required efforts, such as New

York City regulator leakage control. New Jersey - City wide abatement studies and

New Jersey csa abatement studies.

6. Implementation of the permits program.

Based upoon this additional monitoring information and water quality management

studies, the conclusion on attainability in this report should be reviewed during the next

three years.
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Appendix 1

Source Documents

1. New York City 208 Reports

a. the Final Report

b. task 710 Description of the Final Plan

c. task 315 Seasonal Water Quality Evaluation

d. task 314 Seasonal Steady State Modeling

e. tasks 516/526 Baseline/alternatives: Summary Volume 1

f. tasks 512/522 Baseline and Alternatives: Modeling

g. task 335 Intermittent Water Quality Evaluation

2. North River Water Pollution Control Project, 201 Facility Plan, Volume 4,

Environmen tal Assessment Statement

3. Red Hook Water Pollution Control Project, 201 Facility Plan Final Report

4. N.Y.S. Department of Health pre-classificatioo Study - Lower Hudson River

from mouth to Northern Westchester-Rockland county lines.

5. N.Y.S. Department of Health pre-classification study - Lower East River

6. N.Y.S.D.E.C. Hudson River Water Quality and Waste Assimilative Capacity
" -

Study. Prepared by Quirk Lawler and Matusky Engineers
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7. Water Quality Management Assessment Due to Marine CSO Abatement along the

New Jersey Shore - prepared by Bureau of System Analysis and Waste Load

Allocation N.J. DEP.

8. Surface Water Quality Standards for New Jersey - N.J. Department of Environ­

mental Protection/Division of Water Resources (4/85)

9. Coney Island Water Pollution Control Plant Facility Plan

10. Owls Head Water Pollution Control Plant Facility Plan.

11. Use attainability analysis of the NY Harbor Complex - N.J. DEP Division of

Water Resources June 1985.

12. New York State Water Quality Standards Attainability Strategy
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Red Dog Creek Use Attainability Analysis
Aquatic Life Component

Introduction

Authority

The US Environmental Protection Agency's (USEPA) water quality standards regulation
(40 CFR 131.1.0)) establishes the requirement that states or tribes conduct a use
attainability analysis when either designating uses which do not include the
"fishable/swimable" uses or when designating new subcategories of the
"fishable/swimable" uses which require less stringent criteria.

Purpose

The purpose of this Use Attainability Analysis is to identify streams in the Wulik River
drainage that do not support the currently designated uses for aquatic life. Natural
background water quality and metals concentrations may limit aquatic populations.
Aquatic life is defined in this document to include all aspects of the aquatic community:
fish, macroinvertebrates, microinvertebrates, periphyton, and macrophytes. Existing uses
are defined under 18 AAC.70.990 (20):

"existing uses" means those uses actually attained in a waterbody on or
after November 28, 1975.

and under 40 CFR Sec. 131 E:

"existing uses" means those uses actually attained in the waterbody on or
after November 28, 1975.

Description of Streams Considered for Reclassification

All of the streams considered for reclassification in the Wulik River drainage are located
in northwest Alaska, approximately 95 km (59 mi) north of Kotzebue (Figure 1). Middle
Fork Red Dog Creek flows adjacent to the Red Dog ore body, a large lead - zinc deposit
that currently is mined by Cominco Alaska Inc. The following is a description of the
streams considered in this document for reclassification to eliminate the aquatic life
criteria. Water quality and fisheries data collected during baseline studies (1979-1982)
represent pre-mining conditions because no disturbance had occurred in these drainages
at that time.
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Ikalukrok Creek

Three segments of Ikalukrok Creek were considered in this study: Ikalukrok Creek from
the headwaters to the confluence with Red Dog Creek, Ikalukrok Creek below the
confluence with Red Dog Creek to Dudd Creek, and Ikalukrok Creek below Dudd Creek.

Ikalukrok Creek above the confluence with Red Dog Creek (Figure 2) has a drainage area
of 150 km2 (59.2 mi\ The creek flows through mineralized zones and red iron
flocculant and white aluminum flocculant are prevalent in side channels, smaller
tributaries, and backwater areas. Stream bed rocks frequently are stained orange from
iron precipitate. During 1992, Ikalukrok Creek above Red Dog Creek had a high mean
monthly flow of 17.3 m 3/s (610 cfs) and a low flow of 0.02 m 3/s (0.58 cfs). At Station 9,
stream width ranges from 2 to 7 m (7 to 24 ft) (up to 21 m or 68 feet in high flow years),
with depths ranging from 0.15 to 1.2 m (0.5 to 4 feet). The stream bed at Station 9
consists of gravel, cobbles, and rocks. This section of Ikalukrok Creek has not been
disturbed by mining or other human activity.

Ikalukrok Creek from the confluence with Red Dog Creek downstream to Dudd Creek
contains periodic elevated concentrations of metals from the natural mineralization
upstream and from mineralization along Red Dog Creek. At Dudd Creek (Station 7),
widths range from approximately 3.5 to 40 m (12 to 130 feet) and depths range from 0.3
to 1.2 m (1 to 4 ft). Temperatures range from 0 to lOOC during open flow. Ikalukrok
Creek (Figure 2) has a 485.8 km2 (184 mi2

) drainage area, with 320 km2 (124 m?) below
the confluence of Red Dog Creek.

Mainstem Red Dog Creek

Mainstem Red Dog Creek (Figure 3) has a drainage area of 64 km2 (24.6 mi2
) of which

10 km 2 (3.8 mi2
) does not contribute to the flow because it is impounded behind the

tailing dam. During 1992, Red Dog Creek had a high mean monthly flow of 5.4 m3Is
(191 cfs) and a low flow of 0.0045 m3Is (0.16 cfs). Widths of the creek range from 3.5 to
18 m (12 to 60 ft), with depths ranging from 0.06 to 0.5 m (0.2 to 1.7 feet) (R. Kemnitz,
pers. comm., USGS Water Resources Division, Fairbanks). The stream bed contains
gravel, small cobble, and a few small boulders. The creek has some meander and areas
where it has shifted locations. Temperatures range from O°C in the winter to lOoC in
summer.

3



r-igurc 2. Ikalukrok Creek 'II Stalion 8.

Figure 3. Main51cm Red Dog Cr~ck al Slalioll 10.
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Middle Fork Red Dog Creek

Middle Fork Red Dog Creek (Figure 4 at Station 20 and Figure 5 at Station 140) has a
drainage area of 12 km2 (4.74 mi\ of which 1 km2 (0.4 mi2

) does not contribute to the
flow. During the 1991 water year, Middle Fork had a high mean monthly flow of 1.25
m3/s (44.0 cfs) and a low flow of 0.004 m3/s (0.15 cfs). The creek has wide meanders
with average channel widths from 3 to 10 m (10 to 30 ft), with depths from 0.03 and 0.45
m (0.1 and 1.5 feet). Cominco Engineering Services Ltd. (reported in EBA Engineering
Inc [1991]) reported that Red Dog Creek continues to flow with subsurface water flow at
a rate of about 0.03 m3/s (1 cfs) through the winter months.

Cominco Engineering Services Ltd. (1983) described the water quality in Middle Fork
Red Dog Creek:

The mainstem on Red Dog Creek [above North Fork of Red Dog Creek,
now called Middle Fork Red Dog Creek] adjacent to, and running over the
ore body is currently a zone of natural degradation which is hostile to
aquatic life. High metal concentrations, particularly zinc, lead, and
cadmium prevail in this part of the creek largely as a result of direct
contact with exposed mineralization and, more significantly, from surface
drainage emanating from the main part of the orebody on the west side of
the creek. As an illustrative example, concentrations of zinc in the
summer average in the 15 to 20 mg/L range and a typical mass loading of
this metal discharged downstream can be in excess of one half ton per day.

The creek was diverted into a lined, perched ditch in March 1991 to separate upstream
water from water seeping through the ore body. Below the ditch is a constructed French
drain to allow subsurface water from both sides of the lined ditch to flow into the seepage
ditch. The substrate of the diversion ditch is constructed of a gravel layer and a surface of
coarse rip rap to protect the synthetic liner. Prior to diversion, Middle Fork Red Dog
Creek flowed over some of the more highly mineralized and leachable zones of the Red
Dog deposit.

Tributaries to Middle Fork Red Dog Creek

Information on tributaries flowing into the north side of the ore body (Figure 1) is limited
to a few measurements of water quality collected in the baseline studies (Dames and
Moore 1983 and EVS and Ott Water Engineers 1983). These are small tributaries of <1
to <10 cfs summer flow. Dames and Moore (1983) described the tributaries:

5



figure 4. Middle Fork Red Dog Creek fit Station 20.

I-iburo 5. Middle Fork Red Dog Clt't'k ut Station 140.



Many of the tributaries exhibited high quality water compared to the
mainstem. Water at stations 34 [Sulfur Creek], 38 [Shelly Creek], 40
[Connie Creek], and 47 (Rachael Creek) during summer was highly
oxygenated with 11.0 to 13.0 mg/L of dissolved oxygen.... Conductivity
levels ranged from 70 to 330 umho/cm at 25°C. pH was slightly low,
ranging from 6.3 to 7.1, and alkalinity concentrations were generally low
(7.9 to 74 mg/L).

Tributaries flowing into the northeast side of the ore body are not affected by mineral
development. Except during periods of high rainfall, these creeks were reported in
baseline studies to have clear water with low turbidity. Turbidity ranged from 0.37 to 24
NTU. The high value (24 NTU) was measured at station 38 in July when flow was high.

Su((ur Creek

Sulfur Creek is a small, intermittent stream (Figure 1 and 6) flowing into the northwest
side of the ore body. The creek is steep, with stair-step pools. Flows are intermittent; the
creek stopped flowing in late July 1995. The stream bed is medium sized cobble with
orange stain from iron precipitate.

Shelly Creek

Shelly Creek flows into Middle Fork Red Dog Creek from the northeast (Figures 1 and
7). The creek is small, densely vegetated by willows, and stained with iron precipitate.
Few water quality data have been collected on Shelly Creek.

Connie Creek

Connie Creek is the largest of the tributaries (Figures 1 and 8). The creek flows through a
wide, shallow channel. Water depths are less than 20 cm during summer flows. The
creek bottom is medium cobble with some staining.

Rachael Creek

Rachael Creek, at the headwaters of Middle Fork Red Dog Creek is a small, partially
undercut stream flowing from the base of Deadlock Mountain. In 1994 the creek was
sampled and found to contain high concentrations of Al and Zn. Elevated Al and Zn
concentrations in the bypass ditch (Station 140) and in Rachael Creek in August 1994
suggests that high rainfall during this time period increased metals concentrations in
Rachael Creek.
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Figure 6. Sulfur Cn:cl..

Figure 7. Shdly Cn:ck.
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Figure R. Connie Creek.

Figure 9. Rachael Creek.
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Hill/up ere!!"
Hilltop Cruek is a small, possibly intermittent, cr~k flowing from the ~outhenSI side of
the ore deposit north to Ih:u Dog Creek. 111e creek nows into Red Dog Creek nenr the
heauw;lteni, lIear COllnil.: ami Rm,Il:ll.:! Crcl.:ks.

Rt'ftr"ure Stream' Nfl"''' F'nrK Red Dng rr"t!lr

Nonh Fork Red Dog Creek (Figure 10) wn.'l .'lc1eelcd n.'l a reference Siream because it is in
the .'Inmc drainagc nnd ha.'l limitoo mincm1i7illinn. Therefore, climatic conditions and
lYre.'! nf .'lpccie., cxpected tn ocellr would be similar to the streams being considered for
reclassification, with thc cxception ofthc cffccts of clevilted mctals conce;ntn,tions from
l11incr~liz.ation in the other strctll11S.

North pork Red Dog Creek has a dr..tinage area of41 kml (15.9 mil). During the 1992
waler year. North. pork Red Dog Creek had ahigh mean monthly flow of3.5 I11

J/s (125
("fs) and low summer flows 01"0.34 m)/s (12 ds). Widths range from 7 to 15 III (24 to 50
fl) and depths from 0.09 to 2 m (0.3 to 6 fl). The stream bed is characterized by gravel.
rocks. and small boulders and is subject 10 shilling. Temperalures range from 0 to lOne
during open Willer fluw. Minerdl staining is not evident in North Fork Red Dog Creek.

Figure 10. North Fork Red Dog Creek.
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Geology

The Red Dog Mine is located at approximately 68°13' N latitude by 163° W longitude in
the southwestern DeLong Mountains, a component of the Brooks Range in Alaska's
Arctic. Lying within the DeLong Mountains Quadrangle, the area termed the Red Dog
Prospect is a rich surficial showing of copper, lead, zinc, and silver ore located
throughout the upper reaches of the Red Dog Creek drainage. The geology was described
by Dames and Moore (1983):

The DeLong Mountains lie within the Rocky Mountain System and are
characterized by low mountains, plateaus, and highlands of a rolling
topography with summits between 300 and 1500 m. Most peaks in the
southwestern area are less than 900 m in height and unglaciated; lower
hills have been rounded by extreme weathering, although upthrust rock
formations with jagged peaks are not uncommon. The area is underlain by
continuous permafrost to depths in excess of 60 m. The regional geology
is sedimentary with some evidence oflater volcanic activity. The geology
is Mesozoic, characterized by sandstone and shale of marine and non-. ..
manne ongm.

Climate/Population

The area is treeless, frequently windswept with a mean annual temperature of2 to 4°C.
The area is remote, with access by airplane or summer barge. The mine site is
approximately 90 km (55 miles) by gravel road from the ocean port.

Existing Classification

The State of Alaska classified all streams and rivers in the Wulik River drainage,
including the Wulik River, Ikalukrok Creek, and Red Dog Creek and its tributaries for all
uses under 40 CFR, Chapter 1, part 131,131.10, and 18 AAC 70.055.

Recommended Changes to Aquatic Life Classification

The purpose of this study is to examine the appropriateness of the aquatic life
classification for Mainstem Red Dog Creek; Middle Fork Red Dog Creek and its
tributaries Rachael, Sulfur, Connie, and Shelly Creeks; and Ikalukrok Creek. Water
quality and biological data collected during baseline studies were used to describe pre­
mining conditions. Water quality and biological data from 1991 through 1995 were used
to describe conditions after development of the Red Dog Mine. Water quality data
collected between 1984 and 1990 were not used because the data were collected
sporadically and because no comparable biological data were collected.
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Water Quality Monitoring Stations

Water quality monitoring has been conducted throughout the Wulik River drainage since
1979, before development of the Red Dog Mine. Water quality monitoring after
development of the Red Dog Mine was conducted at many of the same stations (Figure
1), using the same station numbers, as baseline monitoring conducted by Dames and
Moore. Baseline monitoring conducted by EVS and Ott Water Engineers (1983) was
done at many of the same stations; however, different station numbers were assigned.
Where stations are at the same location, the station numbers established by Dames and
Moore are used for the EVS and Ott Water Engineers (1983) data. Only limited baseline
water quality monitoring was conducted in tributaries to Middle Fork Red Dog Creek.

Water quality monitoring stations referenced in this report are Ikalukrok Creek at Station
8 and Station 73, Mainstem Red Dog Creek at Station 10, Middle Fork Red Dog Creek at
Stations 20 and 140, Shelly Creek, Connie Creek, Sulfur Creek, Rachael Creek, and
North Fork Red Dog Creek.

Wastewater Dischargers

The Red Dog Mine is currently the only industrial development in the Wulik River
drainage that discharges to waters of the state.

Problem Definition

Studies to date have shown that Middle Fork Red Dog Creek has not supported fish or
other aquatic populations. The absence of aquatic communities is because of natural
mineralization, naturally occurring high concentrations of metals, and low pH.
Intermittent flows and poor water quality in tributaries to Middle Fork Red Dog Creek
probably limit aquatic life. Fish use in tributary streams also is limited by lack of
overwintering habitat and inability to access these tributaries through the naturally
degraded water quality of Middle Fork Red Dog Creek.

The water treatment system at the Red Dog Mine uses calcium hydroxide to remove
sulfide metals. The resulting effluent is high in total dissolved solids in the form of
calcium sulfate. Treating seepage water from the ore body has resulted in water in both
Middle Fork and Mainstem Red Dog Creek that is lower in Cd, Cu, Pb, and Zn but higher
in pH, total dissolved solids and sulfate than under natural, undisturbed conditions.

Approach to Use Attainability
The Wulik River and its tributaries currently are classified under 18 AAC 70.050 as
protected for all uses. Red Dog Creek historically has had periodic high concentrations
of metals. Fish kills were reported in Mainstem Red Dog Creek and in Ikalukrok Creek
at the confluence with Red Dog Creek before development of the Red Dog Mine (EVS
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and Ott Water Engineers 1983). Baseline sampling found no evidence offish use of
Middle Fork Red Dog Creek, South Fork Red Dog Creek (now the tailing dam), or any
tributaries to Middle Fork Red Dog Creek.

Extensive sampling by the Alaska Department of Fish and Game has not shown fish to
occur in Middle Fork Red Dog Creek, upstream of North Fork Red Dog Creek (Weber
Scannell and Ott 1995). The Alaska Department of Fish and Game does not believe that
Middle Fork Red Dog Creek contains water of sufficient quality to support fish (Weber
Scannell and Ott 1995).

The objective of this study was to sample Mainstem Red Dog Creek, Middle Fork Red
Dog Creek, and tributary streams downstream of and adjacent to the Red Dog Mine for
macro- and microinvertebrates, periphyton, and macrophytes. Ikalukrok Creek below
Red Dog Creek (at Station 8) and North Fork Red Dog Creek (the reference stream) also
were sampled. This survey provides information on relative abundance and relative
diversity of aquatic taxa to fulfill the aquatic life analysis of a use attainability analysis
for reclassifying Middle Fork Red Dog Creek and other appropriate tributaries.
Information on the taxonomic groups present in Mainstem Red Dog Creek and Ikalukrok
Creek can be used to develop site-specific criteria for total dissolved solids and sulfate.

Data Analysis

Hydrology

Red Dog Creek from its source to Ikalukrok Creek, tributaries to Middle Fork Red Dog
Creek, and portions ofIkalukrok Creek freeze in late October; by mid-winter there is no
flowing surface water. Isolated pools may form in Ikalukrok Creek; this water usually
has low «1 mg/L) dissolved oxygen and high metals and dissolved solids concentrations.
Fish could not survive in these conditions. North Fork Red Dog Creek may contain some
spring water input, but probably does not contain any flowing water suitable for
overwintering fish. The winter distribution of fish appears to be limited to Ikalukrok
Creek downstream of the confluence with Dudd Creek and in the Wulik River.

When breakup occurs (usually in late May), Arctic graying migrate upstream in Ikalukrok
Creek to Mainstem Red Dog Creek and into North Fork Red Dog Creek.

Stream Flow Evaluation

Water Quality Evaluation. Baseline Conditions

The following is a summary of the water quality conditions measured in the study
streams before development of the Red Dog Mine. Included is a discussion of the
number of occasions metals concentrations exceeded amounts reported toxic to salmonid
fish. Refer to Appendix 1 for a summary of 1979-1983 hardness, total dissolved solids
(TDS), sulfate, pH, and temperature data; Appendix 2 for a summary of 1979-1983
dissolved oxygen, conductivity, flow, and alkalinity data; and Appendix 3 for a summary
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of 1979-1983 metals data. Appendix 11 contains all available baseline water quality and
metals data.

Metals concentrations reported for the water quality sampling stations were compared
with concentrations reported to cause acute or chronic toxicity on species of salmonid
fish and with concentrations currently listed by US EPA as the Maximum Allowable
Concentration (Table 1). The acute and chronic concentrations and the references for
each concentration are listed below.

The following criteria were used to select values for chronic toxicity from published
literature: at least 50% mortality of salmonid fish, tests conducted in moderately hard to
hard water from 100-350 mg CaC03/L, and test conducted over at least 96 hours.
Chronic toxic values for zinc were reported as 2 to 4 mg/L; in comparing toxic values
with stream water samples we used the lower value of 2 mg/L.

Table 1. Chronic/acute and Maximum Allowable Concentrations of Metals.

Metal Chronic/Acute
Toxicity adult
salmonid fish

mg/L

Maximum
Allowable Cone.

aquatic life
mg/L

Reference

Aluminum 0.1 Ontario Minis. of
the Environ. (1984)

Cadmium 0.027 0.0039 Alabaster and Lloyd 1982
US EPA 1992

Copper 0.28 0.018 Alabaster and Lloyd 1982
US EPA 1992

Lead 0.19 0.082 USEPA 1985
US EPA 1992

Zinc 2 0.12 Alabaster and Lloyd 1982
US EPA 1992

14



Ikalukrok Creek: Station 8

Baseline data showed Ikalukrok Creek at Station 8 contained moderately hard water with
circumneutral pH. During winter (measured in March), water is high in total dissolved
solids and hardness; this is a result of ionic exclusion during ice formation. Data
collected during the winter are not included in this report because they are not considered
to represent conditions other than ionic exclusion from ice formation. Low conductivity
in late May was due to snow melt.

Water occasionally contained elevated concentrations of aluminum, cadmium, and zinc
(Table 2). The maximum reported concentrations were 0.17 mg AlIL, 0.04 mg Cd/L, and
4.2 mg Zn/L.

Table 2. Ikalukrok Creek (Station 8), percent of water samples exceeding chronic/acute
levels, 1979-1983.

Metal % Samples exceeding % Samples exceeding
chronic/acute toxicity Maximum Allowable Number of
to adult salmonid fish Concentration Samples

Aluminum 30 10
Cadmium 11 67 18
Copper 0 10 10
Lead 0 0 18
Zinc 17 78 18

Mainstem Red Dog Creek, Station 10

Baseline data showed Mainstem Red Dog Creek at Station 10 contained moderately hard
water with neutral to acidic pH. During winter (measured in March), water was high in
total dissolved solids, sulfate, and hardness; this was a result of ice formation.

Concentrations of Zn were elevated above the reported chronic/acute toxic concentrations
of 2 mg/L for salmonid fish and often contained elevated concentrations of Al and Cd
(Table 3). Concentrations ofPb were not elevated: the maximum concentration was 0.1
mg/L and median concentration was 0.08 mg/L (the Limit of Detection). The
chronic/acute level for Zn (from Alabaster and Lloyd 1982, Table 1) is conservative;
higher values also were reported. Baseline studies (Dames and Moore 1983) reported
that Arctic graying migrated through Mainstem Red Dog Creek to North Fork Red Dog
Creek during spring high flows when metals concentrations were lower.
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Table 3. Mainstem Red Dog Creek (Station 10), percent of water samples exceeding
chronic/acute levels, 1979-1983.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

37
44
a
a

100

% Samples exceeding
Maximum Allowable

Concentration

LOD! too high
a
a

100

Number of
Samples

38
43
15
43
43

l LOD = Limit of Detection

Middle Fork Red Dog Creek, Station 20

Baseline data showed water in Middle Fork Red Dog Creek contained elevated
concentrations of aluminum, cadmium, and zinc, and frequently elevated concentrations
ofPb. The maximum reported concentrations were 0.91 mg Al/L, 0.14 mg Cd/L, 0.36
mg Pb/L, and 17 mg Zn/L. The number of times water samples exceeded chronic/acute
toxicity concentrations (Table 4) suggests that this water is not suitable to support fish.

Table 4. Middle Fork Red Dog Creek (Station 20), percent of water samples exceeding
chronic/acute levels, 1979-1983.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

57
97

insufficient data
24
100

% Samples exceeding
Maximum Allowable

Concentration

100

56
100

Number of
Samples

28
34

4
34
34

Middle Fork Red Dog Creek, Station 140

Baseline data showed water in Middle Fork Red Dog Creek at Station 140 frequently
contained elevated concentrations of aluminum, cadmium, lead, and zinc. The maximum
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reported concentrations were 2.31 mg Al/L, 0.21 mg Cd/L, 1.11 mg Pb/L, and 28.5 mg
Zn/L. Median concentrations were 0.73 mg AlIL, 0.12 mg Cd/L, 0.33 mg Pb/L, and 15.7
mg Zn/L. The number of times water samples exceeded chronic/acute toxicity
concentrations (Table 5) and the extremely high metals concentrations suggest that this
water is not suitable to support fish.

Table 5. Middle Fork Red Dog Creek (Station 140), percent of water samples exceeding
chronic/acute levels, 1979-1983.

Metal % Samples exceeding
chronic/acute toxicity
to adult salmonid fish

% Samples exceeding
Maximum Allowable

Concentration
Number of

Samples

Aluminum 100 20
Cadmium 100 100 20
Copper No data available 0
Lead 80 95 20
Zinc 100 100 20

Shelly Creek

There were no baseline data collected on hardness, TDS, flow, dissolved oxygen, or other
water quality factors in Shelly Creek. Samples for metals concentrations were limited to
one sample in 1981 and four in 1982 (Appendix 11). Concentrations of both Cd and Zn
exceeded Maximum Allowable Concentrations in all of the samples collected, Pb was not
elevated. The maximum concentration of Cd was 0.028 mg/L, ofPb 0.08 mg/L, and Zn
2.3 mg/L.
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Table 6. Shelly Creek, percent of water samples exceeding chronic/acute levels, 1979­
1983.

Metal % Samples exceeding
chronic/acute toxicity
to adult salmonid fish

% Samples exceeding
Maximum Allowable

Concentration
Number of

Samples

Aluminum no data available 0
Cadmium 20 100 5
Copper No data available 0
Lead 0 0 5
Zinc 20 100 5

Connie Creek

Limited water quality and metals data (Appendix 11 and Table 7) collected in Connie
Creek during baseline studies showed this creek to have moderately good water quality.
However, Cd concentrations were above but close to the Maximum Allowable
Concentration, and ranged from 0.002 to 0.021 mg/I.

Table 7. Connie Creek, percent of water samples exceeding chronic/acute levels, 1979­
1983.

Metal % Samples exceeding % Samples exceeding
chronic/acute toxicity Maximum Allowable Number of
to adult salmonid fish Concentration Samples

Aluminum No data available 0
Cadmium 0 83 6
Copper No data available 0
Lead 0 0 6
Zinc 17 83 6

Sulfur Creek

Limited water quality data collected by Dames and Moore (1981) portray Sulfur Creek as
having elevated concentrations ofPb and Zn (average of three samples = 0.128 mg Pb/L
and 0.754 mg Zn/L) and slightly elevated concentrations of Cd (average of three samples
= 0.007 mg/L) (Table 8, Appendix 11). Flow ranged from 0.07 to 1.2 cfs, dissolved
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oxygen concentrations were near saturation, and pH was slightly acidic. The highest zinc
concentration measured (of 3 samples) was 1.167 mg/L.

Table 8. Sulfur Creek, percent of water samples exceeding chronic/acute levels, 1979­
1983.

Metal % Samples exceeding
chronic/acute toxicity
to adult salmonid fish

% Samples exceeding
Maximum Allowable

Concentration
Number of

Samples

Aluminum No data available
Cadmium 0 100 3
Copper No data available
Lead 33 33 3
Zinc 0 100 3

Rachael Creek

Water sampling in Rachael Creek was limited to four samples in 1982 (Appendix 11 and
Table 9). The water was described by Dames and Moore (1983) as clear, of low
turbidity, and high dissolved oxygen concentrations. Cd and Zn concentrations were low,
ranging from 0.002 to 0.008 mg Cd/L and 0.079 to 0.142 mg Zn/L. No baseline data on
Al concentrations were found.

Table 9. Rachael Creek, percent of water samples exceeding chronic/acute levels, 1979­
1983.

Metal % Samples exceeding
chronic/acute toxicity
to adult salmonid fish

% Samples exceeding
Maximum Allowable

Concentration
Number of

Samples

Aluminum No data available
Cadmium 0 25 4
Copper No data available
Lead 0 0 4
Zinc 0 25 4
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Hilltop Creek

No historic data were available for Hilltop Creek.

North Fork Red Dog Creek

North Fork Red Dog Creek was described by Dames and Moore (1983) as being of high
water quality and supporting a diverse community of flora and fauna. The creek is a clear
water stream with high dissolved oxygen concentrations during summer and low levels of
total suspended solids, total dissolved solids, and settleable solids. Alkalinity was higher
than in any of the other creeks monitored. Dames and Moore measured concentrations of
Cu, Pb, Ag, and Zn in the sediments. They reported concentrations considerably lower
than Middle Fork or Mainstem Red Dog Creek. During summer, Al concentrations are
moderately high (Table 10).

Table 10. North Fork Red Dog Creek, percent of water samples exceeding chronic/acute
levels, 1979-1983.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

36
o

o
o

% Samples exceeding
Maximum Allowable

Concentration

LaD too high
o
o
7

Number of
Samples

25
29
5

29
29

LaD = Limit of Detection. Unless samples are at least 5 times the LaD, the values are
considered to be qualitative.

Water Quality Evaluation. after development of the Red Dog Mine.

The following is a summary of the water quality conditions measured in the study
streams from 1991 to summer 1995. This time period begins with completion of the
mine seepage water collection system in 1991. Collection and treatment of mine seepage
water had the most profound effect on water quality of Red Dog Creek. Water quality of
the mine effluent was further improved by installation of the sand filters in 1994 and
improvements in the water treatment plant. Included is a discussion of the number of
times metals concentrations exceeded amounts reported toxic to salmonid fish (Reference
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toxic amounts listed on Table 1) and identification of the metals believed to be exerting
the most toxicity during the time period from 1991 through 1995. Refer to Appendix 4
for a summary of 1991-1995 water quality data, including hardness, TDS, sulfate, pH,
temperature, dissolved oxygen, conductivity, and flow, and Appendix 5 for a summary of
1991-1995 metals data. Appendix 12 contains all of the baseline water quality and metals
data.

Ikalukrok Creek: Station 8

Ikalukrok Creek at Station 8 has moderately hard water with circumneutral pH (Appendix
4). During periods of discharge from the mine effluent, water hardness reached a
maximum concentration of 666 mg/L and TDS a maximum concentration of 906 mg/L.
The treated mine effluent appears to moderate the lowest pH values. In 1992, the
minimum pH was 5.7 and in 1994 and 1995 the minimum values were 7.2 and 7.1. Flow
data from Station 8 were limited to two measurements.

During open water periods, temperatures ranged from a low ofO°C to 13.6°C (measured
in 1992). Maximum water temperatures in 1995 during periods of maximum discharge
from the Red Dog Mine do not appear to alter downstream temperature regimes
(Appendices 4 and 12). Maximum and median temperatures in 1995 are not higher than
in years 1991-1993 when discharge volumes were low or zero.

Water occasionally contained slightly elevated concentrations of aluminum, cadmium,
and zinc (Appendices 5 and 12 and Table 11). Metals concentrations measured in 1995
were generally lower than in 1991 through 1993, when there was minimal discharge. Al
concentrations were higher in 1995; however, these concentrations are related to high
rainfall and increased erosion in the headwaters of Middle Fork Red Dog Creek and do
not correspond to concentrations found in the mine effluent.

Table 11. Ikalukrok Creek, after mining. Percent of water samples exceeding
chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

26
1
o
o

6/0*

% Samples exceeding
Maximum Allowable

Concentration

7
o
4

100

Total
number

of samples

92
96
58
96
96

*6% of the samples exceeded the reported chronic toxic level of2 mg Zn/L, none of the
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.
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Mainstem Red Dog Creek, Station 10

Mainstem Red Dog Creek contains moderately hard water. Both hardness and TDS are
elevated during periods of maximum discharge from the mine. Concentrations of TDS
reached a maximum of 1100 mg/L in 1994 and 1070 mg/L in 1995 (Appendix 4 and
Appendix 12). Median TDS concentrations in 1995 also were higher than in 1991 and
1992, when discharge was minimal. Periods of high discharge during open water months
also correspond to higher pH values: median pH values were 7.7 in 1994 and 7.6 in 1995,
compared with median values of7.0 in 1991 and 7.4 in 1992. Stream flow (based on 6
measurements in 1993) ranged from 32.7 cfs to 400 cfs.

Metals concentrations at Station 10 were elevated in AI, Cd, and Zn (Table 12 and
Appendices 5 and 12).

Table 12. Mainstem Red Dog Creek, after mine development. Percent of water samples
exceeding chronic/acute criteria.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

16
33
o
2

55/19*

% Samples exceeding
Maximum Allowable

Concentration

LOD too high
o
4

100

Total
number

of samples

85
95
60
94
94

*55% of the samples exceeded the reported chronic toxic level of2 mg Zn/L, 19% of the
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.

LOD = Limit of Detection. Unless samples are at least 5 times the LOD, the values are
considered to be qualitative.

Middle Fork Red Dog Creek, Station 20

Hardness, TDS, and sulfate concentrations in Middle Fork Red Dog Creek below the
mine effluent are elevated by the effluent (Appendix 4). In 1995, the maximum hardness
was 1170 mg/L, maximum TDS was 2190 mg/L, and maximum sulfate was 1500 mg/L.
The highest measured pH of 9.0 was in 1994. The median pH for 1994 and 1995 is
slightly higher than in 1992 but not higher than median values for 1991 and 1993.

Water temperatures during the open flow periods range from O°C to 19.4°C.
Temperature does not appear to be elevated by discharge (Appendix 4).
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Metals concentrations, except for AI, have shown a steady decline between 1991 and
1995 (Appendix 5). When compared to levels reported in the literature (Table 1) for
chronic/acute toxicity, water at Station 20 is toxic for Cd and Zn most of the time, and
toxic for Al 25% of the time and Pb 36% of the time (Table 13). High Al concentrations
occurred in fall 1995 after abnormally high rainfall. Elevated Al was not found in 1991­
1994. (Refer to Appendices 5 and 12 for comparisons of metals concentrations for each
year.)

The concentrations of Cd and Zn are sufficiently elevated to prevent fish from
successfully spawning and rearing in this creek, and to limit primary and
macroinvertebrate production.

Table 13. Middle Fork Red Dog Creek, below mine effluent. Percent of water samples
exceeding chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

25
76
o
9

93/61 *

% Samples exceeding
Maximum Allowable

Concentration

90
1

36
98

Total
number

of samples

99
118
76

118
118

*93% of the samples exceeded the reported chronic toxic level of 2 mg Zn/L, 61% of the
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.

Middle Fork Red Dog Creek, Station 140

Station 140 is located in a channel constructed to bypass Red Dog Creek around the
active ore body, above the mine discharge. Although construction of the bypass channel
has decreased metals concentrations in Red Dog Creek (compared with concentrations
measured before mining), the water flows through naturally mineralized areas and
remains high in metals, especially Cd, Pb, and Zn (Appendices 5 and 12).

Water Quality at Station 140 is acidic with pH levels as low as 5.2.

Water samples collected between 1992 and 1995 exceed the reported chronic/acute
toxicity limits for Cd in 75% of the samples, for Pb in 85% of the samples, and for Zn in
86% of the samples (Table 14). Given the high metals concentrations, it is unlikely that
this waterway would support fish, aquatic invertebrates, or aquatic plants.
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Table 14. Middle Fork Red Dog Creek, Station 140. Percent of water samples exceeding
chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

20
75
a

42
86/68*

% Samples exceeding
Maximum Allowable

Concentration

100
a
85
100

Total
number

of samples

70
101
72

101
101

*86% of the samples exceeded the reported chronic toxic level of2 mg ZnlL, 68% of the
samples exceeded the higher reported chronic toxic level of 4 mg ZnlL.

Shelly Creek

Few water samples were collected in Shelly Creek (Appendix 12). Shelly Creek has
moderately hard water (Appendix 12) and in 1995, water contained concentrations of Al
and Cd that were elevated above the reported chronic/acute toxicity levels (79% samples
for Al and 36% of samples for Cd) (Table 15). Seventy nine percent of the water samples
contained concentrations of Cd that were above the Maximum Allowable Concentration
and 93% of the samples exceeded the Maximum Allowable Concentration for Zn.
Concentrations of Fe ranged from 0.19 to 1.22 mg Fe/L.

Water in Shelly Creek is naturally high in metals. It is likely that high concentrations of
AI, Cd, Fe, and Zn limit the aquatic life use of this creek.

Table 15. Shelly Creek. Percent of water samples exceeding chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

79
36
a
7

43/14*

% Samples exceeding
Maximum Allowable

Concentration

79
31
14
93

Total
number

of samples

14
14
13
14
14

*43% of the samples exceeded the reported chronic toxic level of2 mg ZnlL, 14% of the
samples exceeded the higher reported chronic toxic level of 4 mg ZnlL.
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Connie Creek

Few water samples were collected in Connie Creek (Appendix 12). Connie Creek has
moderately hard water and in 1995, metals concentrations were generally lower than
reported chronic/acute toxicity levels for Cd, Cu, Pb, and Zn (Table 16).

Connie Creek contains the best water quality of any of the tributaries to Middle Fork Red
Dog Creek. If fish were not excluded from this tributary by the poor water quality in
Middle Fork Red Dog Creek, it is possible they could inhabit this creek.

Table 16. Connie Creek, percent of water samples exceeding chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

33
8
o
17

8/8*

% Samples exceeding
Maximum Allowable

Concentration

25
8
17
50

Total
number

of samples

12
12
12
12
12

*8% of the samples exceeded the reported chronic toxic level of 2 mg Zn/L, 8% of the
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.

Sulfur Creek

Sulfur Creek is a small, intermittent tributary with an estimated summer flow of less than
3 cfs. The creek contains small step pools. Flows are too low to allow fish to swim
upstream between step pools. Sulfur Creek typically stops flowing in mid-summer. In
1995, flows stopped in late July.

Only two water samples were collected in Sulfur Creek (Appendix 12), both in 1995.
Sulfur Creek has moderately hard water (133 and 140 mg/L) and in 1995, water
contained concentrations of Cd, Pb, and Zn that were elevated above the Maximum
Allowable Concentrations (Table 17).

High metals concentrations and the poor water quality in Middle Fork Red Dog Creek,
along with the small size of Sulfur Creek, its steep step pools, and intermittent flows,
probably exclude fish from using this tributary.
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Table 17. Sulfur Creek, percent of water samples exceeding chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

17
o
o

33
0/0*

% Samples exceeding
Maximum Allowable

Concentration

37
o

67
100

Total
number

of samples

6
6
6
6
6

*0% of the samples exceeded the reported chronic toxic level of2 mg Zn/L, 0% of the
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.

Rachael Creek

Rachael Creek has moderately hard water and in 1995, water contained very high
concentrations of Al (from 1.17 to 1.81 mg/L) and Cu (from 0.04 to 0.06 mg/L) and low
pH (from 4.7 to 5.9) (Appendix 12). According to the Canadian Water Quality
Guidelines (CWQG), at pH below 6.5, Al is extremely toxic to aquatic life. The CWQG
suggests a maximum Al concentration of 0.005 mg/L to protect aquatic life when the pH
is less than 6.5. The median concentration of Al measured in Rachael Creek during 1995
was 340 times the toxic level and the maximum concentration measured in 1995 was
more than 650 times the toxic level; pH was below the State Water Quality Criteria for
protection of aquatic life. The combination of high concentrations of Al and low pH
would exclude most, if not all, aquatic species from Rachael Creek. Concentrations of
Cu and Zn also were elevated above the Maximum Allowable Concentrations in 100% of
the samples (Table 18).

Table 18. Rachael Creek, percent of water samples exceeding chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

100
o
o
o

0/0*

% Samples exceeding
Maximum Allowable

Concentration

o
100
o

100

Total
number

of samples

10
11
11
11
11

*0% of the samples exceeded the reported chronic toxic level of2 mg Zn/L, 0% of the
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.
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Hilltop Creek

Hilltop Creek is a small tributary to Red Dog Creek that flows from the southeast edge of
the currently developed deposit. Flows in the creek are low and may be intermittent.
Metals concentrations are high (Table 19 and Appendix 12); water in this tributary
contains some of the highest metals concentrations found in any tributaries to Red Dog
Creek. Cominco Alaska Inc. sampled three sections of Hilltop Creek in 1995: the
headwaters, the middle section, and the lower section near Red Dog Creek. Metals were
not as high at the headwaters near the mine pit as in the middle section (Appendix 12).

This creek was not sampled for fish, aquatic invertebrates, or aquatic plants during this
study. High concentrations of Al (average 5.97 mg/L, range 0.26 - 9.59 mg/L), Cd
(average 6.43 mg/L, range 3.2 to 7.8 mg/L), Pb (average 3.4 mg/L, range 0.39 to 4.22
mg/L) and zinc (average 1197 mg/L, range 147 to 1580 mg/L) combined with low pH
(range 4.2 to 6.1) would exclude aquatic communities from this creek.

Table 19. Hilltop Creek, percent of water samples exceeding chronic/acute levels.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

100
100

no data available
100
100

% Samples exceeding
Maximum Allowable

Concentration

100

100
100

Total
number

of samples

11
11

11
10

*100% of the samples exceeded the reported chronic toxic level of 2 mg Zn/L, 100% of
the samples exceeded the higher reported chronic toxic level of 4 mg Zn/L.

North Fork Red Dog Creek

Only 14 samples were collected from Station 12 during 1995 and 2 in 1992 (Appendix
12). Most of the metals samples were below the limit of detection; 1 sample in 1995 had
Cd and Zn concentrations above the reported chronic/acute toxic levels (Table 20). This
sample also had concentrations above the Maximum Allowable Concentration for Cd, Pb,
and Zn. Except for the one water sample with slightly elevated metals concentrations, the
water in North Fork Red Dog Creek is of high quality for aquatic life.
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Table 20. North Fork Red Dog Creek, percent of water samples exceeding chronic/acute
criteria.

Metal

Aluminum
Cadmium
Copper
Lead
Zinc

% Samples exceeding
chronic/acute toxicity
to adult salmonid fish

o
6
o
o

6/0*

% Samples exceeding
Maximum Allowable

Concentration

6
o
6
6

Total
number

of samples

10
16
16
16
16

*6% of the samples exceeded the reported chronic toxic level of2 mg ZnlL, 0% of the
samples exceeded the higher reported chronic toxic level of 4 mg ZnlL.

Conclusions

Mainstem Red Dog Creek

Although water quality periodically exceeds toxic limits and Maximum Allowable
Concentrations, exceedences are not sufficient to exclude fish and other aquatic species.
Water quality has been improved from background by the mine sump collection system
and, probably, by high effluent discharges.

Middle Fork Red Dog Creek

Concentrations of metals, especially Cd and Zn, are sufficiently high to preclude use by
fish, aquatic plants, and aquatic invertebrates.

Su?fitr Creek

Fish use of Sulfur Creek is limited by poor water quality in Middle Fork Red Dog Creek
as well as the small size, low and intermittent flows, and step pool configurations found
in Sulfur Creek. Water quality is poor.

Rachael Creek

High concentrations of Al and low pH would eliminate most, if not all, aquatic species
from this tributary.
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Shelly Creek

Water in Shelly Creek is degraded by elevated concentrations of AI, Cd, Cu, and Zn. It is
likely that poor water quality combined with low flows and high gradient limit use of this
waterway by fish and other species of aquatic life.

Connie Creek

Poor water quality in Middle Fork Red Dog Creek limits upstream movement offish.
Connie Creek supports a community of aquatic invertebrates and algae.

Hilltop Creek

Extremely poor water quality due to elevated concentrations of AI, Cd, Pb, and Zn would
eliminate most classes of organisms from Hilltop Creek.

North Fork Red Dog Creek

Water quality in this tributary is excellent and rarely exceeds limits reported to cause
acute or chronic toxicity to aquatic species.

Biological Evaluations

Benthic Macroinvertebrates: Baseline Studies

Aquatic invertebrate communities were sampled by EVS and Ott Water Engineers (1983)
and Dames and Moore (1983) as part of the baseline studies conducted for Red Dog
Creek. Taxonomy for Oligichaeta and Chironomidae has been revised substantially since
these reports were completed. Therefore, in the present report Chironomidae and
Oligichaeta from baseline data are not identified below family level for Chironomidae or
class for Oligichaeta.

Ikalukrok Creek, Station 73

Aquatic invertebrate samples were collected in Ikalukrok Creek at Station 73, about 5 km
(3 miles) downstream from Station 8 (Table 21, Appendix 6, EVS and Ott Water
Engineers 1983). There are no significant inflows of water to Ikalukrok Creek between
Stations 8 and 73; therefore, water quality conditions are similar and the invertebrate data
are believed to represent populations in Ikalukrok Creek at Station 8.

Among the creeks influenced by mineralization from Red Dog Creek, Ikalukrok Creek
contained the greatest abundance of aquatic invertebrates. Taxonomic richness was
similar to communities in Mainstem Red Dog Creek and Middle Fork Red Dog Creek.
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Mainstem Red Dog Creek, Station 10

Few invertebrates were collected in Mainstem Red Dog Creek (Table 21, Appendix 6).
There was an average of 3.1 invertebrates collected during each sampling time, with only
5.5 taxonomic groups represented.

Middle Fork Red Dog Creek, Station 20 and Station 140

Dames and Moore (1981) describe the macroinvertebrate communities in Middle Fork
Red Dog Creek:

There is little or no macroscopic life in the Main Fork Red Dog Creek
from Station 43 below where the first major drainage from the ore body
enters the creek to Station 20 above the confluence of the North Fork.
Tributaries entering this reach from the ore body significantly degrade the
water quality and the suitability of the aquatic habitat. Other tributaries
entering this reach support rich and diverse invertebrate life but are of
insufficient volume to dilute the stream to the point where long-term
residency is possible.

EVS and Ott Water Engineers collected about the same number of invertebrates from
Station 21 (an average of 15 per sample time) and Station 140 (an average of 13.9 per
sample time) (Table 21, Appendix 6). Taxonomic richness also was similar at the two
stations: EVS and Ott Water Engineers reported an average of 5 taxonomic groups from
Station 21 and 4.7 taxonomic groups from Station 140. At both stations the majority of
invertebrates were Plecoptera.

Shelly Creek, Connie Creek, Sulfur Creek, and Rachael Creek, Hilltop Creek

No baseline data on aquatic invertebrate populations are available for any of these
tributaries.

North Fork Red Dog Creek

North Fork Red Dog Creek contained both the greatest abundance and the highest
taxonomic richness of any of the sites sampled during baseline studies. In the limited
sampling done by EVS and Ott Water Engineers (Table 21 and Appendix 6),8 different
taxonomic groups were found. Ephemeroptera and Plecoptera dominated the aquatic
invertebrate community. Dames and Moore (1983) reported similar populations of
aquatic invertebrates in their baseline studies (Appendix 6).
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Table 21. Aquatic invertebrates collected during baseline studies by EVS (1983).

Invertebrate Abundance Taxonomic Richness
average maXimum average maXimum

Creek #/sample #/sample #/sample #/sample

Ikalukrok C. (Sta. 73) 16.3 41.8 5.4 7

Mainstem Red Dog Creek 4.8 1.4 5 6

Middle Fork Red Dog Creek
Station 21 15 24.7 5 5
Station 140 13.9 33.1 4.7 5

North Fork Red Dog Creek 63.5 100.2 7 8

No data were found for Shelly, Connie, Sulfur, or Rachael Creek
Data from EVS and Ott Water Engineers (1983)

Macroinvertebrates: Current Study
Aquatic invertebrate communities were sampled in 1995 to detect any changes in either
abundance or taxonomic richness that may have occurred since development of the Red
Dog Mine. Communities were sampled once in July. Because different methods were
used to collect invertebrates and because invertebrate taxonomy has changed since the
baseline sampling, only general comparisons between pre- and post mining are made.

Methods

Five semi-quantitative samples were collected at each sample site with a "D" net in July
1995. Samples were washed through a plankton bucket into whirl-pack bags, preserved
in 70% ETOH, and labeled.

Samples were sorted from rocks and organic debris, identified to lowest practical
taxonomic level, and counted. All invertebrate samples were permanently preserved in
homeopathic vials with neoprene stoppers and stored at Alaska Department ofFish and
Game, Fairbanks. Hilltop Creek was not sampled.

Results and Discussion

Results of the invertebrate sampling are summarized in Table 22. Data from each sample
on numbers of invertebrates by family are presented in Appendix 7.
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Table 22. Aquatic invertebrate communities, 1995.

Invertebrate Abundance Taxonomic Richness

average maXimum average maXimum
Creek #/sample #/sample #/sample #/sample

Ikalukrok Creek
Station 8 7.4 24 1.4 4

Mainstem Red Dog Creek
Station 10 4 13 1 2
Station 11 0.4 1 0.4 1

Middle Fork Red Dog Creek
Station 140 0.2 1 0.2 1
Station 20 1 3 0.6 1

Tributary Streams
Su(fur Creek 36.6 74 1.8 3
Shelly Creek 4.2 7 1.6 2
Connie Creek 40.6 47 2.6 3
Rachael Creek 0.2 1 0.2 1

North Fork 26 40 5.4 7
Red Dog Creek

Ikalukrok Creek

Station 8

Samples collected in Ikalukrok Creek had an average of 7.4 invertebrates and 1.4 taxa per
sample, with a maximum of 24 invertebrates and a total of 4 taxa (Table 22, Appendix 7).
Invertebrates were primarily Nematodes (from 60% to 100% of the total). Only one
Plecoptera and no Ephemeroptera or Trichoptera were found.
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Mainstem Red Dog Creek

Station 10

An average of 4 invertebrates and 1 taxon were collected in Mainstem Red Dog Creek at
Station 10. Three invertebrate families were represented: Nematoda, Diptera: Tipulidae,
and Diptera: Chironomidae. Nearly 100% of the invertebrates were Nematoda.

Station 11

Invertebrate communities in Mainstem Red Dog Creek at Station 11 were even more
depauperate than at Station 10. Only 1 taxon was found: Diptera: Chironomidae; the
average number of invertebrates per sample was less than 1 because 60% of the samples
had no invertebrates.

Middle Fork Red Dog Creek

Station 20

Only five Nematoda were found in the aquatic invertebrate samples collected at Station
20. The lack of taxonomic richness and invertebrate abundance suggests that this section
of Red Dog Creek does not support a viable invertebrate community.

Station 140.

Only one Chironomidae larvae was found in the five aquatic invertebrate samples
collected at Station 140; it could not be determined if this one invertebrate drifted from
upstream areas or was produced locally. The lack of taxonomic richness and invertebrate
abundance suggests that this section of Red Dog Creek does not support a viable
invertebrate community and that invertebrate production is low to non-existent.

Shelly Creek

Few invertebrates were found in Shelly Creek (Appendix 7). The aquatic benthic
community included a small leach (Hirudinea), Nematoda, the Dipteran Chironomidae,
and the Plecoptera: Nemouridae. The average number of invertebrates per sample was
4.2 and the maximum number was 7.

Connie Creek

Connie Creek supports an abundant, however not diverse, invertebrate community.
Invertebrate abundance was similar to that found in the North Fork Red Dog Creek;
however, the community had lower taxonomic richness than found in the North Fork Red
Dog Creek. In order of abundance, taxa found were Diptera: Chironomidae,
Ephemeroptera: Heptagenidae, Diptera: Tipulidae, and Plectoptera: Nemouridae.
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Sulfur Creek

Sulfur Creek supports a fairly abundant invertebrate community with low taxonomic
richness. In order of abundance, the invertebrate groups found were Nematoda and
Chironomidae. Exuvia from Plecoptera: Nemouridae were found; they did not appear to
be pre-emergent.

Rachael Creek

The invertebrate community in Rachael Creek was virtually non-existent: only two
Chironomidae adults were found. It is unlikely these insects were produced in Rachael
Creek.

North Fork Red Dog Creek

North Fork Red Dog Creek had an invertebrate community that was both diverse and
abundant. Ten different taxonomic groups were found; more than at any other site.
Tipulidae, Trichoptera, and Ephemeroptera were too immature to identify beyond family
(or order for Trichoptera). Chironomidae were primarily case-builders, probably
primarily Orthocladinae. Identification of Chironomidae larvae was beyond the scope of
this project.

Conclusions

Invertebrate communities, as demonstrated by both taxonomic richness (more than 2
orders represented) and abundance (more than 1 invertebrate per sample) were
documented in the following streams:

North Fork Red Dog Creek
Sulfur Creek
Connie Creek

When compared to baseline studies, aquatic invertebrate densities were lower in Station
73 in 1995 than in Station 73 or Station 8 during baseline studies (Table 23). EVS
reported more invertebrates from Station 21 during baseline (average of 15 organisms per
approximately 0.1 m2 sample) than during post mining sampling at Station 20 in 1995
(average of 1 organism per approximately 0.1 m2 sample). Ikalukrok Creek upstream of
Red Dog Creek was sampled by Dames and Moore during baseline studies. At that time,
this site had the highest invertebrate density measured anywhere in the drainage: there
was an average of 245 organisms per approximately 0.1 m2 sample).
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Table 23. Average invertebrate density reported by Dames and Moore (1983), EVS
(1983) and ADF&G (1995) at various sampling locations in the Wulik River
drainage.

Station

Dames and Moore Baseline Data

Station 10
Station 8
Station 9

EVS Baseline Data
Station 73
Middle Fork Red Dog Creek
Station 21
Station 140
North Fork Red Dog Creek

ADF&G
Station 8
Station 10
Station 11
Station 20
Station 140
Sulfur Creek
Shelly Creek
Connie Creek
Rachael Creek
North Fork Red Dog Creek

average number of
organisms/sample

3
71

245

16.3
3.1

15.0
13.9
63.5

7.4
4
0.4
1
0.2

36.6
4.2

40.6
0.6

26

Microinvertebrates

Baseline Studies

No data were found on microinvertebrate communities during baseline studies.

Current Study

Streams in the Red Dog area were sampled in July 1995 for the presence of
microinvertebrate communities. This component of the aquatic community was
examined to determine its importance in each stream.
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Methods

Five rocks were collected from each sample site and packed in individual plastic, sealed
bags. Rocks were examined within 6 hours of collection with a dissection microscope at
10 to 60 x. Scrapings of the rocks were mounted on a microscope slide with water and
examined with a compound microscope. Photographs were taken of the organisms.

Results and Discussion

Ikalukrok Creek

Station 8

Examination of all surfaces of five rocks from Station 8 showed few microinvertebrates
and no visible algae. One small «1 mm Chironomidae) and one small «1 mm) mite
were found. No other microinvertebrates were found on the rocks.

Mainstem Red Dog Creek

Station 10

No plant or invertebrate life was observed on any of the rocks, with the exception of one
empty Simulidae pupal case.

Station 11

One of the five rocks supported sub-microscopic Simulidae larvae, nothing was observed
on the other four rocks.

Middle Fork Red Dog Creek

Station 20

A small «1 mm) Chironomidae larvae was found on one of the rocks. No
microinvertebrates were found on any of the other rocks, nor was algae, moss, or blue­
green bacteria visible with microscopic examination.

Station 140

Five rocks were examined, no plants or invertebrates were observed.

Shelly Creek

Rocks from Shelly Creek were covered with a thick mineral precipitate; no signs of plant
or animal life were detected with microscopic examination.
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Connie Creek

Rocks from Connie Creek supported from 20 to 100 sub-microscopic Chironomidae. No
other invertebrates were observed on the rocks. Abundant mosses were observed along
the stream margin; no invertebrates were observed in the mosses (at 50 to 250 x).

Sulfur Creek

Rocks from Sulfur Creek contained no visible aquatic vegetation. Two small
invertebrates were observed; they appeared to be tiny aquatic leeches.

Rachael Creek

Rocks were coated with a thick precipitate that probably was aluminum; no invertebrates
or plants were observed.

North Fork Red Dog Creek

Each rock was covered with diatoms and blue-green bacteria, probably Nostoc.
Chironomidae larvae were associated with the blue-green bacteria. Rocks had from 25 to
hundreds of Chironomidae. Also observed on the rocks were filamentous green algae,
pupal cases from Simulidae, sub-microscopic Ephemeroptera and Plecoptera nymphs,
and Trichoptera larvae. Clusters of unidentified insect eggs were found on some of the
rocks.

Conclusions

Microscopic and sub-microscopic communities were found on rocks from the following
streams:

Ikalukrok Creek (only a sparse community)
Connie Creek
North Fork Red Dog Creek

Periphyton: Baseline Studies
EVS and Ott Water Engineers (1983) conducted limited sampling ofperiphyton
communities in Middle Fork Red Dog Creek by measuring concentrations of chlorophyll­
a. Their methods were similar to those used by ADF&G in this study. EVS and Ott
Water Engineers (1983) reported concentrations of chlorophyll-a ranging from 0.01 to
0.10 mg/cm2 in flowing water upstream of the South Fork Red Dog Creek and
chlorophyll-a concentrations ranging from 0.04 to 0.20 mg/cm2 in seeps adjacent to
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Middle Fork Red Dog Creek. Periphyton was not sampled in Red Dog Creek
downstream of the South Fork or in Ikalukrok Creek.

Periphyton: Current Study

Methods

Five rocks were collected at each sample site within a riffle section. A 5 cm x 5 cm
square of high density foam was placed on the rock. Using a small tooth brush, all
material around the foam square was removed and rinsed away with clean water. The
foam was removed from the rock and the rock was brushed with a clean tooth brush and
rinsed onto a 0.45 urn glass fiber filter, held by a magnetic filter holder connected to a
hand vacuum pump. Excess water was pumped through the filter, and approximately 1
ml saturated MgC03 was added to the filter to prevent acidification. The dry filter was
wrapped in a large filter (to absorb any additional water, labeled, and placed in a zip-lock
bag and packed over desiccant. Filters were frozen in a light-proof container with
desiccant.

Filters were cut into small pieces and placed in an extraction tube with 10 ml of 90%
buffered acetone. Extraction tubes were covered with aluminum foil and were held in a
dark refrigerator for 24 hours. After extraction, samples were read on a Shimadzu UV­
1601 Spectrophotometer and a Turner Modell 0 Fluorometer. Trichromatic equations
(according to Standard Methods, APHA 1992) were used to convert spectrophotometric
optical densities to total chlorophyll-a. The Turner Fluorometer was calibrated with US
EPA standards according to Standard Methods. A calibration curve was developed, using
known standards, standard dilutions, and chlorophyll-a concentrations determined with a
spectrophotometer. Hilltop Creek was not sampled.

Results and Discussion

Periphyton communities (i.e., detecting chlorophyll-a in at least 3 of the 5 samples) were
documented in North Fork Red Dog Creek, Sulfur Creek, Shelly Creek, and Connie
Creek (Appendix 8). Station 11 contained one sample with measurable amounts of
chlorophyll-a, and Ikalukrok Creek contained two samples with measurable amounts of
chlorophyll-a.

Conclusions

Based on samples examined for the presence of chlorophyll-a (a measure ofperiphyton
standing crop), periphyton communities were documented in the following sites:

North Fork Red Dog Creek
Connie Creek

Sulfur Creek
Shelly Creek

Limited algal productivity was indicated in Ikalukrok Creek and Mainstem Red Dog
Creek.
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Macrophytes: Baseline Studies
No previous studies were found that documented the presence of aquatic macrophytes in
Ikalukrok Creek or Red Dog Creek and its tributaries.

Macrophytes: Current Study
Streams in the Red Dog area were examined and photographed in July 1995 for the
presence of macrophytic plants. Aquatic plants may be an important component of an
aquatic community and an indicator of good water quality. Hilltop Creek was not
sampled.

Methods

Our intention was to collect any visible macrophyte algae along the stream and place it in
a labeled plastic bag for later identification. Because few macrophytes were observed
and those were generally limited to mosses, we noted their presence only. The following
is a description of macrophyte communities observed at each sample site.

Results and Discussion

Ikalukrok Creek

Station 8

The edges of the stream bank at Station 8 in Ikalukrok Creek were gravel, with no aquatic
plants along the stream margins. Mosses grew in seeps adjacent to the stream, but there
were no aquatic plants found in the stream.

Mainstem Red Dog Creek

Station 10

The edges of the stream bank at Station 10, Mainstem Red Dog Creek contained wide
gravel bars and shrub vegetation. No aquatic plants were found in the stream.

Station 11

The Mainstem Red Dog Creek at Station 11, just below the confluence with the North
Fork, contained wide gravel bars and the banks supported shrub vegetation. No aquatic
plants were found in the stream.

Middle Fork Red Dog Creek

Station 20

The edges of the stream bank at Station 20 in Middle Fork Red Dog Creek were gravel,
with few grasses and shrubs. No aquatic plants were found in the stream.
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Station 140

This section of the Middle Fork of Red Dog Creek is a man-made channel with steep,
graveled sides. No vegetation has established along the stream margins. There were no
aquatic plants found in the water.

Shelly Creek

The banks of Shelly Creek were covered with shrub willows. No aquatic plants were
evident on the stream bottom; however, mosses grew abundantly along the stream
margms.

Connie Creek

The edges of Connie Creek were primarily gravel, with shrubs growing on the stream
banks. A few mosses were observed on the stream bottom.

Sulfur Creek

The banks of Sulfur Creek contained grasses and sedges. No aquatic plants were found in
this darkly stained creek.

Rachael Creek

The stream banks along Rachael Creek were covered with grasses, sedges, and other
terrestrial plants. No aquatic plants were evident in the stream.

North Fork Red Dog Creek

North Fork Red Dog Creek contained abundant aquatic mosses and filamentous algae on
the stream bed. The edges of the creek were filled with various aquatic plants. The
mosses and filamentous algae in the stream appeared to provide an important substrate
for aquatic invertebrates.

Conclusions

Aquatic macrophytes were an important part of the aquatic ecosystem in North Fork Red
Dog Creek, and to a lesser extent, in Connie Creek and Shelly Creek. They were not
found in the other sites. We believe that high metals concentrations in Middle Fork Red
Dog Creek contributed to the absence of aquatic macrophytes in downstream areas.
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Fish: Baseline Studies
Baseline studies conducted by Dames and Moore (1983) reported fish use in Ikalukrok
Creek, Mainstem Red Dog Creek, and North Fork Red Dog Creek (Table 24). Fish
species present in the Wulik River are listed to illustrate the importance of this river for
fish. Common and scientific names of fish are listed in Appendix 9.

Table 24. Fish species collected during baseline studies.

Water body

Ikalukrok Creek

Mainstem Red Dog Creek

Middle Fork Red Dog Creek

North Fork Red Dog Creek

Wulik River

Use (fish species)

Migration (AG)
Spawning (AG, ChumS)
Rearing (AG, DV, SSc)

Migration (AG)

no fish found

Migration (AG)
Spawning (AG)
Rearing (AG)

Arctic grayling
slimy sculpin
chum salmon
Dolly Varden
humpback whitefish
round whitefish
least cisco
Bering cisco
Alaska blackfish
pink salmon
sockeye salmon
coho salmon
chinook salmon
ninespine stickleback

Notes

few present

migration limited
to spring high flows

DV = Dolly Varden, AG = Arctic grayling, SSc = slimy sculpin, ChumS = chum salmon
Shelly, Rachael, Connie, and Sulfur Creeks were not sampled.
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Natural Fish Kills

EVS and Ott Water Engineers (1983) observed natural fish kills in 1982 while collecting
baseline data for the Wulik River drainage. Arctic grayling moralities ranged from
underyearlingjuveniles (20 to 40.9 mm) to sub-adults (75 to 220 mm); Dolly Varden
mortalities were juveniles (53 to 113 mm). Thirty six dead Dolly Varden and 171 dead
Arctic grayling were found in Red Dog Creek between Station 12 and the mouth in July
and August 1982. One juvenile Dolly Varden and one juvenile Arctic grayling were
found dead in Ikalukrok Creek above the confluence of Red Dog Creek. EVS and Ott
Water Engineers reported that fish found dead in Red Dog Creek had considerable
amounts of brown precipitate and mucus on their gills and occasionally had hemorrhaged
gills and opaque eyes.

Fish: Current Study
Methods

ADF&G flew aerial surveys using fixed-wing aircraft in fall 1979 through 1995, with the
exception of 1983, 1985, 1986, and 1990. The fall surveys covered the Wulik River from
its mouth near the village of Kivalina to a point approximately five river miles above its
confluence with Ikalukrok Creek.

ADF&G trapped Dolly Varden and other fish species (e.g., Arctic grayling, slimy
sculpin) in Ikalukrok Creek, North Fork Red Dog Creek, and Mainstem Red Dog Creek
from 1991 through 1995. Sampling was done with minnow traps baited with salmon roe
contained in perforated plastic containers. Minnow traps fished from about 20 to 80
hours each sample period.

ADF&G conducted visual stream surveys for Arctic grayling and other fish in North Fork
Red Dog Creek, Mainstem Red Dog Creek, and Middle Fork Red Dog Creek from 1991
through 1995 and in Shelly, Sulfur, Connie, and Rachael Creeks in 1995. Arctic grayling
were sampled by angling in North Fork Red Dog Creek, Mainstem Red Dog Creek, and
Ikalukrok Creek.

Results and Discussion

The number of overwintering Dolly Varden in the Wulik River ranged from 30,853 in
1984 to a high of 144,138 fish in 1993 (Appendix 10, Weber Scannell and Ott 1995).
Surveys showed the Wulik River to be one of the most important drainages for
overwintering Dolly Varden in northwest Alaska.

Fish were found to inhabit Ikalukrok Creek, Mainstem Red Dog Creek, and North Fork
Red Dog Creek. Slimy sculpin were not found in Mainstem Red Dog Creek or North
Fork Red Dog Creek before 1995. They are believed to migrate into these creeks in
spring after breakup, then use the waterways for summer rearing. Most likely, they
migrate downstream in fall, before freeze-up. The uses of streams by fish after
development of the Red Dog mine are listed in Table 25. The data on catch per unit
effort and actual numbers of fish are given in Weber Scannell and Ott (1995).
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Table 25. Post-mining use ofWulik River drainage streams by fish.

Stream

Ikalukrok Creek
Station 8

1Ikalukrok Creek
upstream of Red Dog Creek

Mainstem Red Dog Creek
Station 10

Station 11

Middle Fork Red Dog Creek
Station 20

Station 140

Shelly Creek
Connie Creek
Su(fur Creek
Rachael Creek

North Fork
Red Dog Creek

Use (Fish Species)

Migration (AG, DV, SSc)
Rearing (AG, DV, SSc)

Migration (AG)
Rearing (AG)

Migration (AG, DV, SSc)
Rearing (AG, DV, SSc)

Migration (AG, DV, SSc)
Rearing (AG, DV, SSc)

no fish found

no fish found

no fish found
no fish found
no fish found
no fish found

Migration (AG, DV, SSc)
Spawning (AG)
Rearing (AG, DV, SSc)

Wulik Rive/ Arctic grayling
slimy sculpin
chum salmon
Dolly Varden
humpback whitefish
round whitefish
least cisco
Bering cisco
Alaska blackfish

pink salmon
sockeye salmon
coho salmon
chinook salmon
ninespine stickleback
burbot

DV = Dolly Varden, AG = Arctic grayling, SSc = slimy sculpin.
IIncomplete surveys have been conducted in Ikalukrok Creek above Red Dog Creek.

Species other than Arctic grayling may be using this portion of the creek.

2Fish use was not documented in the Wulik River.
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Point Source Evaluation
Comparisons of water quality and metals concentrations data before and after
development of the Red Dog Mine (Table 26) indicate the following changes related to
the point source discharge from the mine and to diversion and collection of the mine
seepage water. It is not possible to separate the effects of effluent from mine seepage
collection. Refer to summaries of water quality data presented in Appendices 1 through 5
and to the complete listing of water quality and metals data from sampling stations in
Appendices 11 and 12, and water quality and metals data from mine effluent in 1995 in
Appendix 13.

In summer 1995 the wastewater treatment plant discharged maximum amounts of treated
water. The volume of mine discharge during 1995 is representative of the amount of
discharge requested by Cominco Alaska Inc. in the NPDES permit.

Table 26. Comparisons of water quality and metals before and after mine development.

Analyte or Factor Ikalukrok Creek Mainstem Middle Fork
Red Dog Creek Red Dog Creek

Temperature NMC I NMC NMC
pH >1 > >
Flow > > >
Hardness > > >
TSS NMC NMC NMC
Dissolved Oxygen NMC NMC NMC
Turbidity NMC NMC NMC
Conductivity > > >
TDS > > >
Sulfate > > >
Al

2 not related not relatednot related
Cd <I < <
Cu < < <
Pb < < <
Zn < < <

'NMC = no measurable change, < = decrease, > = increase over background conditions.
2 Concentrations of Ai appear to be related to high rainfall and increased erosion.
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Non-Point Source Evaluation: Whole Effluent Toxicity

Whole effluent toxicity (WET) tests were conducted on water taken from Middle Fork
Red Dog Creek at Station 140 during summer 1995 (Parametrix 1995 a, b, c, d, e, and f)
and from Ikalukrok Creek at Station 9 above Red Dog Creek (Parametrix 1995f). WET
tests were conducted at other stations that are influenced by the mine discharge effluent.
Because it is not possible to separate effects between natural mineralization and mine
effluent, those test results are not presented.

Tests on water taken from Station 140 (Table 27) showed significant toxicity for both
Ceriodaphnia dubia and Pimephales promelas, The no observed effects concentration
(NOEC) was <1 % Station 140 water mixed with 99% laboratory water. The
concentration of Station 140 water resulting in 50% mortality was <1 %.

Table 27. Whole Effluent Toxicity at Station 140.

Ceriodaphnia dubia Pimephales promelas

Date Water survival reproduction survival growth
Collected mg

June 11-14 NOEC 1 1% <1% 1% 1%
1995 LOEC2 6% 1% 6% >1%

LC503 2% 5%

June 19,21,23 NOEC 1% 1% 1% 1%
1995 LOEC 6% 1% 6% >1%

LC50 2% 3%

July 5,7,10 NOEC <1% <1% 1% 1%
1995 LOEC 1% 1% 6% >1%

LC50 <1% 2%

July 17,19,21 NOEC <1% 1% 1%
LOEC 1% 6% >1%
LC50 <1% 2%

'NOEC = No Observed Effects Concentration.
2LOEC = Lowest Concentrations at which adverse effects were observed'
3LC50 = Concentration at which 50% of the test population died.
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Station 9. Ikalukrok Creek above Red Dog Creek

Whole effluent toxicity tests conducted on water from Ikalukrok Creek at Station 9
(above Red Dog Creek) did not show significant toxicity for Ceriodaphnia dubia or
Pimephales promelas survival in August 1995 (Table 28). The NOEC for C. dubia
survival was 100%. Tests did show significant detrimental effects of Station 9 water on
C. duMa reproduction, with a NOEC of 1% Station 9 water.

Whole effluent toxicity tests using Station 9 water collected in September 1995 showed
somewhat higher toxicity for C. dubia than in August, the NOEC was 73% and the LC50
was 84%. Survival and growth of P. promelas remained at 100% in September samples.

Table 28. Whole Effluent Toxicity at Ika1ukrok Creek, Station 9.

Date Water
Collected

August 6
1995

Sept. 9
1995

Ceriodaphnia duMa Pimephales promelas

survival reproduction survival growth
mg

NOEd 100% 1% 100% 100%
LOEd >100% <1% >100% >100%
LC503 >100% N/A >100% N/A

NOEC 73% 100% 100%
LOEC 100% >100 >100%
LC50 84% >100

INOEC = No Observed Effects Concentration.
2LOEC = Lowest Concentrations at which adverse effects were observed'
3LC50 = Concentration at which 50% of the test population died.

Conclusions and Recommendations
Information from baseline studies and from post-mining studies were used to determine
the ability of each waterway to support a viable aquatic community (Table 29 for fish,
Table 30 for invertebrates, Table 31 for periphyton). Aquatic communities include any
combination of fish, aquatic macroinvertebrates, aquatic microinvertebrates, periphyton,
and macrophytes. Incidental occurrence of a few organisms is not considered to
constitute a community.
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Table 29. Summary of fish use of streams in the upper Wulik River drainage.

Stream Pre-mining Post-mining Attainable

Ikalukrok Creek Yes Yes Yes
Mainstem Red Dog Creek Yes Yes Yes
Middle Fork No No No

Red Dog Creek
Sulfur Creek No No No
Shelly Creek ? (No) No No
Connie Creek ? (No) No No
Rachael Creek ? (No) No No
Hilltop Creek ?(No) No No
North Fork Red Dog Creek Yes Yes Yes

? = no data were available.

Table 30. Summary of aquatic micro and macroinvertebrate use of streams in the upper
Wulik River drainage.

Stream Pre-mining Post-mining Attainable

Ikalukrok Creek Yes Low Yes
Mainstem Low Low Yes

Red Dog Creek
Middle Fork No No No

Red Dog Creek
Sulfur Creek ? No No
Shelly Creek ? Very Low No
Connie Creek ? Yes Yes
Rachael Creek ? No No
Hilltop Creek ? No No
North Fork Red Dog Creek Yes Yes Yes

? = no data were available.
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Table 31. Summary of macrophyte and periphyton use of streams in the upper Wulik
River drainage.

Stream Pre-mining Post-mining Attainable

Ikalukrok Creek Low Low Limited
Mainstem Low Low Limited

Red Dog
Middle Fork No No No

Red Dog
Sulfur Creek ? Yes Limited
Shelly Creek ? Low Limited
Connie Creek ? Yes Yes
Rachael Creek ? No No
Hilltop Creek ?(No) No No
North Fork Red Dog Creek Yes Yes Yes

? = no data were available.

Based upon information presented in this Use Attainability Analysis, the Alaska
Department of Fish and Game recommends retaining the stream classification for Aquatic
Life in the following streams:

Connie Creek
Ikalukrok Creek

North Fork Red Dog Creek
Mainstem Red Dog Creek

The Alaska Department of Fish and Game recommends elimination of the stream
classification for Aquatic Life in the following waterbodies:

Middle Fork Red Dog
Shelly Creek
Hilltop Creek

Sulfur Creek
Rachael Creek
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Appendix 1. Summary afwater quality data, 1979-1983.

Station Hardness
mg/L

TDS
mg/L

Sulfate
mg/L

pH Temperature
°C

Station 20 median 93 108 6.6 5.0
maXImum 145 149 6.9 14.3
mInImUm 58.5 66 5.7 0.0
count 16 3 5 5

Station 30 median 92.1 216 174 5.85 6.3
Station 30 maXImum 201 287 324 6.5 12.8
Station 30 mInImUm 67.5 131 95 5.3 0.0
Station 30 count 12 4 5 8 7

Station 12 median 96.15 187 87.5 7.5 6.3
North Fork maXImum 217 210 98 7.8 8.7

mInImUm 39 183 50 6.0 0.0
count 16 3 3 8 7

Station 140
median 89 6.4
maXImum 155 6.7
mInImUm 68 5.8
count 10 10

Station 09 median 116 143 60 7.5 4.1
Station 09 maXImum 290 284 76 7.9 14.7
Station 09 mInImUm 34 115 30 -0.1
Station 09 count 24 4 3 9 8

TDS = total dissolved solids
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Appendix 2. Summary of water quality data, 1979-1983.

Station Dissolved Conductivity Flow Alkalinity
Oxygen umho/cm cfs mg/L
mg/L

Station 140 median
Station 140 maXImum 13.2 230 13
Station 140 mInImUm lOA 140 2.2
Station 140 count 5 8 10

Station 73 median 6804
Station 73 maXImum 13.4 220 87.8
Station 73 mInImUm 10.2 110 4704
Station 73 count 48 50 15

Station 30 median 11.3 276 8.55 4.95
Station 30 maXImum 14.2 650 27 16
Station 30 mInImUm lOA 63 1.3 1
Station 30 count 8 7 8 8

Station 20 median 11.6 265 13.5 23
Station 20 maXImum 14.2 525 76 44
Station 20 mInImUm 9.7 28 1.6 1.7
Station 20 count 5 5 18 5

Station 12 median 7.7 352 19 90.5
Station 12 maXImum 7.9 591 92 11504
Station 12 mImmum 7.2 44 12 48.8
Station 12 count 14 7 15 15

Station 10 median 10.9 328 32.0 70
Station 10 maXImum 13.5 1090 126.0 245
Station 10 mInImUm 0.3 154 3.2 5.2
Station 10 count 9.0 8 25 9

Station 08 median 11.6 289 102.5 75
Station 08 maXImum 13.7 940 310.0 388
Station 08 mInImUm 2.3 179 15.0 12
Station 08 count 9 8 14 10.
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Appendix 2, continued.

Station D.O. Conduct. Flow Alkalinity
mg/L umho/cm cfs mg/L

Station 12 median 11.25 352 20 99
Station 12 maXImum 14.4 591 92 138
Station 12 mInImUm 9.5 44 8.1 8.4
Station 12 count 8 7 19 8

Station 09 median 11.7 282.5 132 73.5
Station 09 maXImum 13.9 480 1260 176
Station 09 mInImUm 0.2 16
Station 09 count 9 8 31 26
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Appendix 3. Summary metals data, 1979-1983.

Station Al Cd Cu Pb Zn
mg/L mg/L mg/L mg/L mg/L

Station 140 median 0.73 0.12 0.33 15.70
Station 140 maXImum 2.31 0.21 1.11 28.50
Station 140 mInImUm 0.15 0.07 <0.08 9.06
Station 140 count 20 20 20 20

Station 73 median 0.0115 0.029 0.98
Station 73 maXImum <0.025 <0.08 1.8
Station 73 mInImUm <0.006 0.0003 0.349
Station 73 count 12 12 12

Station 30 median 0.665 0.1335 0.013 0.274 15.85
Station 30 maXImum 2.31 0.94 0.028 1.11 49.8
Station 30 mInImUm 0.15 0.071 0.007 0.0026 9.06
Station 30 count 24 32 4 32 32

Station 20 median 0.325 0.078 0.009 0.11 9.865
Station 20 maXImum 0.91 0.14 0.025 0.36 16.5
Station 20 mInImUm 0.05 <0.02 <0.005 0.0015 2.63
Station 20 count 28 34 4 34 34

Station 12 median <0.15 0.03 <0.01 <0.08 0.02
Station 12 maXImum 0.55 0.03 <0.01 <0.08 0.37
Station 12 mInImUm <0.02 <0.0002 <0.002 <0.004 0.01
Station 12 count 25 29 5 29 29

Station 10 median <0.15 0.03 <0.001 <0.08 3.70
Station 10 maXImum 1.19 0.10 <0.02 0.10 13.00
Station 10 mInImUm <0.02 <0.002 <0.002 <0.001 0.57
Station 10 count 38 43 15 43 43

Station 08 median 0.04 <0.01 <0.001 <0.004 0.74
Station 08 maXImum 0.17 0.04 <0.02 0.028 4.20
Station 08 mInImUm <0.02 <0.001 <0.001 <0.001 0.17
Station 08 count 10.00 18 10 18 18
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Appendix 3, continued.

Station Al Cd Cu Pb Zn
mg/L mg/L mg/L mg/L mg/L

Station 12 median <0.15 <0.025 <0.005 <0.08 0.023
Station 12 maXImum 0.55 <0.025 0.013 <0.08 0.37
Station 12 minimum <0.02 <0.0002 <0.002 <0.0001 0.005
Station 12 count 25 29 5 29 29

Station 09 median 0.045 0.002 0.0045 0.0012 0.0255
Station 09 maXImum 0.23 0.025 0.012 <0.08 2.3
Station 09 mInImUm <0.02 <0.0002 <0.001 <0.0001 0.006
Station 09 count 10 24 10 24 24
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Appendix 4. Summary of Water Quality Data, 1991-1995.

Ikalukrok Creek, Station 8.

Hardness, total dissolved solids, and pH.

Year Hardness TDS pH
mg/L mg/L

1991 median 179 261 7.1
maXimum 270 406 7.5
mmlmum 143 174 6.8
count 11 11 11

1992 median 237 312 7.44
maXimum 798 1040 8.2
mmlmum 53.1 64 5.7
count 29 29 29

1993 median 131 181 7.7
maXimum 191 229 8.2
mmlmum 55.9 68 6.7
count 12 17 17

1994 median 132.5 159.5 7.7
maXimum 498 658 8.2
mmlmum 43.2 57 7.2
count 22 22 22

1995 median 156 209 7.7
maXimum 666 906 7.9
mmlmum 82.5 118 7.1
count 12 15 14
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Appendix 4, continued.

Station 8. Temperature, dissolved oxygen, conductivity, and flow.

Date Temperature Dissolved Conductivity Flow
°C Oxygen umho/cm cfs

mg/L

1991 median 5.8 12.8 348
maXImum 11.5 13.6 576
mIlllmum -0.2 10.3 215
count 11 10 8

1992 median 7.6 9.2 465
maXImum 13.6 13.2 135
mlllimum -0.5 4 11
count 29 25 22

1993 median 6.7 11.15 268 189.9
maXImum 15 20 420 248.3
mlllimum 2 8.1 50 131.5
count 17 12 14 2

1994 median 4 11.55 248
maXImum 8.4 13.2 790
mlllimum 0 7.5 143
count 22 22 20

1995 median 5.8 13 330
maXImum 10.6 14.5 442
mlllimum 1 12.7 261
count 14 5 6
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Appendix 4, continued.

Mainstem Red Dog Creek, Station 10

Hardness Total Dissolved pH
Year mg/L Solids

mg/L

1991 median 244 349 7.0
maXImum 563 831 7.5
mInImUm 179 207 6.7
count 12 12 12

1992 median 369 519 7.4
maXImum 1540 1850 8.1
mInImUm 52.7 67 6.12
count 30 30 30

1993 median 214.5 7.55
maXImum 369 8.2
mInImUm 50 6.6
count 18 18

1994 median 177 228 7.7
maXImum 1100 1610 7.9
mInImUm 99.3 127 7.2
count 18 18 18

1995 median 580 824 7.6
maXImum 1070 1610 7.8
mInImUm 247 171 7.1
count 9 19 14
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Date

Appendix 4, continued.

Mainstem Red Dog Creek, Station 10

Temperature
°C

Dissolved
Oxygen

mg/L

Conductivity
umho/cm

Flow
cfs

1991 median 6.1 11.8 481
maXImum 14.1 14.0 665
mmimum -0.2 9.5 270
count 11 11 8

1992 median 5.35 9.8 680
maXImum 13.9 13.4 2090
mimmum -0.5 4.9 114
count 30 28 27

1993 median 7 182.6
maXImum 17 400
mimmum 1 32.7
count 18 6

1994 no samples were collected.

1995 median 9.5 1029
maXImum 13 1790
mmimum 3 97
count 14 14
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Appendix 4, continued.

Middle Fork Red Dog Creek, Station 20.

Hardness, total dissolved solids, sulfate, and pH.

Year Hardness TDS Sulfate pH
mg/L mg/L mg/L

1991 median 354 568 7
maXImum 763 1310 7.6
mInImUm 210 346 6
count 13 13 13

1992 median 561 810 6.8
maXImum 1560 2230 8
mInImUm 28 50 6.1
count 32 32 32

1993 median 53.5 198 7.1
maXImum 74 961 7.7
mInImUm 32.9 57 6.3
count 2 19 18

1994 median 319 509 300 7
maXImum 1580 2440 1500 9
mInImUm 71.5 97 55 6
count 18 18 18 17

1995 median 597 1680 1000 7.3
maXImum 1170 2190 1500 7.8
mImmum 138 135 57 6.6
count 5 28 10 25

60



Appendix 4, continued.

Middle Fork Red Dog Creek, Station 10.

Temperature, dissolved oxygen, conductivity, and flow.

Year Temperature. Dissolved Conductivity Flow
DC Oxygen umho/cm cfs

mg/L

1991 median 5.5 11.9 1.3 577
maXImum 16.1 16 6.1 1570
mInImUm -0.2 8.8 0.4 440
count 12 12 13 11

1992 median 6.7 9 0.435 0.96
maXImum 19.4 13.4 11 2.56
mimmum 0 1.8 0.12 0.08
count 32 29 30 32

1993 median 5.5 12.3 3.35
maXImum 13 12.5 3.7
mInImUm 0 12.1 3
count 18 2 2

1994 median 4
maXImum 13
mInImUm 0
count 17

1995 median 12 1580.5 7.6
maXImum 15.2 2390 28.9
mimmum 7 94 26.7
count 24 26 9
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Appendix 4, continued.

Middle Fork Red Dog Creek, Station 140.

Hardness, total dissolved solids, and pH.

Date Hardness TDS pH
mg/L mg/L

1991 median 155 345 7
maXImum 267 717 8.2
mmimum 108 210 5.2
count 19 13 52

1992 median 127.5 204 6.5
maXImum 242 456 8.2
mmimum 25.2 16.6 5.7
count 36 36 36

1993 no samples were collected.

1994 no samples were collected.

1995 median 412.5
maXImum 624
mimmum 105
count 32
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Appendix 4, concluded.

Station 140. Temperature, dissolved oxygen, conductivity, and flow.

Date Temperature
°C

Dissolved
Oxygen

mg/L

Conductivity
umho/cm

Flow
cfs

1991 median 4.3 11.5 305
maXImum 11.6 15 490
mInImUm -0.2 7.7 178
count 13 13 10

1992 median 8.25 7.5 274
maXImum 15.4 12.5 58
mInImUm -0.1 3.3 27
count 36 33 28

1994 median 680
maXImum 70
mInImUm 63
count 7

1995 median 4.65
maXImum 24.2
mInImUm 2.1
count 20
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Appendix 5. Summary of Metals Data, 1991-1995.

Ikalukrok Creek, Station 8 and 73.

Year Al Cd Cu Pb Zn
mg/L mg/L mg/L mg/L mg/L

1991 median <0.05 0.012 <0.01 0.008 1.62
maXImum <0.05 0.040 <0.01 0.023 3.61
mInImUm <0.05 0.007 <0.01 <0.001 1.07
count 12 12 12 12 12

1992 median <0.05 0.007 <0.01 <0.002 0.865
maXImum 0.73 0.024 <0.01 0.094 3.120
mInImUm <0.05 <0.003 <0.01 <0.002 0.305
count 28 28 28 28 28

1993 median <0.05 <0.003 <0.002 0.203
maXImum 0.28 <0.003 0.009 0.389
mInImUm <0.05 <0.003 <0.002 0.143
count 17 17 17 17

1994 median 0.085 0.003 0.006 0.282
maXImum 1.02 0.02 0.078 2.62
mInImUm 0.05 0.003 0.002 0.098
count 23 23 23 23

1995 median 0.145 0.00483 0.00322 0.00565 0.619
maXImum 1.06 0.0198 0.01 0.106 2.01
mInImUm 0.05 0.00069 0.0016 0.00058 0.138
count 13 17 17 17 17
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Appendix 5, continued.

Mainstem Red Dog Creek, Station 10

Al Cd Cu Fe Pb Zn
Date mg/L mg/L mg/L mg/L mg/L mg/L

1991 median <0.05 0.036 <0.01 0.02 0.026 5.85
maXImum <0.05 0.047 <0.01 0.06 0.028 6.54
mInImUm <0.05 0.010 <0.01 0.02 0.010 1.58
count 12 12 12 12 12 12

1992 median <0.05 0.02 <0.01 0.045 0.007 2.515
maXImum 0.892 0.06 <0.01 2.98 0.386 5.92
mInImUm <0.05 <0.003 <0.01 0.02 <0.002 0.699
count 30 30 30 30 29 30

1993 median <0.05 0.008 0.014 0.939
maXImum 0.69 0.013 0.136 1.31
mInImUm <0.05 <0.003 0.004 0.463
count 18 18 18 17

1994 median 0.108 0.014 0.023 1.59
maXImum 0.403 0.031 0.07 3.38
mInImUm <0.05 0.006 0.004 0.533
count 17 18 18 18

1995 median 0.05 0.02 0.0034 0.083 0.0187 2.55
maXImum 0.105 0.237 0.0047 0.237 0.0393 3.67
mInImUm 0.05 0.012 0.0014 0.057 0.0131 1.39
count 9 18 18 8 18 18
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Appendix 5, continued.

Middle Fork Red Dog Creek, Station 20.

Year Ai Cd Cu Pb Zn
mg/L mg/L mg/L mg/L mg/L

1991 median <0.05 0.13 <0.01 0.161 21.75
maXImum 0.48 0.19 <0.01 0.295 32.40
mInImUm <0.05 0.06 <0.01 0.044 8.28
count 12 12 12 12 12

1992 median <0.05 0.045 <0.01 0.0405 6.38
maXImum 0.226 0.147 0.012 0.23 18.7
mInImUm <0.05 0.013 <0.01 0.015 1.6
count 30 30 30 30 30

1993 median <0.05 0.026 0.049 3.29
maXImum 0.38 0.032 0.348 3.83
mInImUm <0.05 0.013 0.016 1.64
count 17 17 17 17

1994 median 0.086 0.029 0.095 3.57
maXImum 1.25 0.52 0.345 11.3
mInImUm 0.05 0.016 0.01 2.1
count 23 23 23 23

1995 median 0.091 0.0428 0.00589 0.046 4.91
maXImum 0.197 0.0559 0.109 0.142 8.06
mInImUm 0.05 <0.00005 0.00023 0.00039 0.0008
count 9 28 28 28 28
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Appendix 5, continued.

Middle Fork Red Dog Creek, Station J40

Year Al Cd Cu Fe Pb Zn
mg/L mg/L mg/L mg/L mg/L mg/L

1991 median 0.1 0.08 0.04 0.215 0.108 13.8
maXImum 0.44 0.758 0.05 2.9 0.856 157
mInImUm 0.05 0.003 0.01 0.04 0.01 1.4
count 56 56 56 54 56 56

1992 median 0.05 0.054 0.01 0.023 0.181 9.99
maXImum 1.61 0.216 0.07 3.69 1.94 138
mInImUm 0.05 0.012 0.01 0.02 0.046 1.47
count 36 36 36 36 36 36

1993 median 0.08 0.02 0.01 0.58 0.10 1.93
maXImum 0.46 0.15 0.02 1.68 0.58 16.30
mInImUm 0.05 0.01 0.01 0.17 0.05 1.10
count 20 20 3 3 20 20

1994 median 0.103 0.035 0.058 0.101 0.207 4.11
maXImum 1.47 0.15 0.058 0.101 0.542 29.5
mInImUm 0.05 0.012 0.058 0.101 0.126 1.57
count 13 13 1 1 13 13

1995 median 0.196 0.1045 0.0128 0.236 0.1815 22.1
maXImum 0.196 0.262 0.0197 0.236 0.345 33.6
mInImUm 0.196 0.0317 0.0056 0.236 0.131 4.78
count 1 32 32 1 32 32
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Appendix 5, continued.

Shelly Creek, 1995

Hardness Al Cd Cu Fe Pb Zn pH
mg/L mg/L mg/L mg/L mg/L mg/L mg/L

median 62 0.271 0.0137 0.0140 0.403 0.0496 1.62 6.8
maXImum 116 0.549 0.0447 0.0235 1.220 0.6040 5.10 7.3
m111Imum 33 0.077 0.0006 0.0016 0.190 0.0052 0.09 6.4
count 5 14 14 13 13 14 14 6

Connie Creek, 1995

Hardness Al Cd Cu Fe Pb Zn pH
mg/L mg/L mg/L mg/L mg/L mg/L mg/L

median 79 0.09 0.00 <0.005 0.09 0.01 0.12 6.85
maximum 148 0.37 0.19 0.06 1.22 0.27 36.80 7.40
m111Imum 51 0.05 0.00 <0.005 0.05 <0.002 <0.01 6.60

count 5 12 12 12 11 12 12 6

Rachael Creek, 1995

Hard Al Cd Cu Fe Pb Zn pH
mg/L mg/L mg/L mg/L mg/L mg/L mg/L

median 256 1.70 0.00300 0.0610 2.80 0.0008 0.707 5.45
maXImum 491 3.27 0.00381 0.0840 4.28 0.0480 0.838 5.90
m111Imum 164 1.17 0.00214 0.0427 0.25 0.0003 0.202 4.70
count 5 10 11 11 9 11 11 4
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Appendix 5, continued.

Sulfur Creek, 1995

Hardness Al Cd Cu Fe Pb Zn pH
mg/L mg/L mg/L mg/L mg/L mg/L mg/L

median 132 0.05 0.0070 0.0064 0.058 0.0913 0.971 7.0
maximum 140 5.97 0.0118 0.0200 20.100 2.1200 1.900 7.4
mInImUm 87 0.05 0.0030 0.0012 0.036 0.0658 0.399 6.5
count 4 6 6 6 5 6 6 4

Hilltop Creek

Date Al Cd Fe Pb Zn pH
mg/L mg/L mg/L mg/L mg/L

Middle of Hilltop
7/31/95 17.10 10.1 20.6 2.64 2130 3.55
8/1/95 27.60 10.5 22 2.33 2080 3.5

Mouth of Hilltop
7/31/95 7.87 6.2 3.45 4.69 1510 4.25
8/1/95 12.20 6.9 4.11 4.55 1600 4.1

Headwaters of Hilltop
7/31/95 15.40 3.78 85.5 1.63 530 2.71
8/1/95 12.20 6.9 4.11 4.55 1600 4.1

Hilltop Monitoring
8/16/95 9.39 7.8 3.68 4.12 1580 4.2
8/21/95 8.19 7.6 1.96 4.22 1550 4.8
8/25/95 9.59 7 3.88 3.90 147 4.2
8/29/95 8.47 5 2.39 3.78 1430 4.6
9/3/95 7.75 6.7 2.17 3.49 1460 5
9/6/95 4.09 6.5 0.37 3.39 1260
9/13/95 3.65 7 0.21 0.39 1380 5.7
9/21/95 2.97 6.9 0.11 3.94 1250 5.7
9/28/95 8.29 6.8 0.8 3.09 1250 5

10/6/95 3.05 6.2 0.16 3.35 1150 5.8
10/17/95 0.26 3.2 0.03 3.75 710 6.1
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Appendix 6. Invertebrates found in Wulik River Drainage Before Mining.

Baseline Studies Conducted by EVS (1983).

Oligichaeta Chironomidae Plecoptera Ephemeroptera

Station Taxa N Taxa N Taxa N Taxa N

Ikalukrok Creek

Station 73 3 2.5 9 6.5 2 3.2 1 2.3
(sampled at 3 0.2 9 1.2 1 0.2 1 0.1
4 locations) 2 7.9 11 14.1 2 12.3 1 5.5

July 1 0.7 10 4.2 2 1.5 1 1.2

August 3 2 9 3 2 3.8 3 1.9
2 0.2 6 1.5 2 1.7 2 1.0
2 10.3 7 22.1 2 6.5 3 2.9
3 1.2 7 14.6 1 0.7 2 0.6

Station 9
July 2 0.4 12 6.4 2 2.2 1 0.4

Mainstem Red Dog Creek
Station 10

July 1 <0.1 9 3.9 2 0.3 1 0.5
August 1 <0.1 5 0.7 2 0.2 2 0.4

Middle Fork Red Dog Creek

Station 21
July 2 0.8 6 2.4 2 0.9 1 1.1
August 2 4.8 9 2.8 2 9.8 1 7.3

Station 140
July 1 1.5 8 1.4 2 0.1 1 0.4
August 0 0 6 2 2 0.3 1 3

August 2 12 10 5.5 0 9.3 3 6.3

North Fork Red Dog Creek
July 3 10.3 11 50.3 2 15.6 2 24.0
August 3 9.2 13 6.1 3 4 3 7.5
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Appendix 6, continued.

Baseline Studies Conducted by Dames and Moore (1983).

Station Non-Insect Chironomidae Plecoptera Ephemeroptera Total
Invertebrates

Station 10 1 1 0 1 3
Station 8 11 76 14 55 156
Station 8 1 22 2 11 36
Station 8 2 14 2 4 22
Station 9 17 52 71 105 245
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Appendix 7. Invertebrate data, 1995.

Ikalukrok Creek, Station 8
~

Sample number 1 2 3 4 5 average maximum
Total number of organisms 1 24 1 11 0 7.4 24

Total number of taxa 1 1 1 4 0 1.4 4
-~--_..

Acarina

Nematoda 1 24 1 6
~---

----
Tipulidae

Chironomidae

Diptera larvae 3

Chironomidae

pupae 1 exuvia
Simulidae

-_.-

Ephemeroptera Heptagenidae 1
Baetidae
Siphloneuridae

Plecoptera Nemouridae 1

Capniidae

Trichoptera

._--

Connie Creek
Sample number 1 I 2 3 4 5 average maximum

Total number of organisms 42 38 37 39 47 40.6 47
Total number of taxa 3 1 3 3 3 2.6 3

Acarina

Nematoda
f------

Tipulidae 1 1
Chironomidae

Diptera larvae 35 37 33 37 44-_....-

Chironomidae
pupae 2 1 2 1
Simulidae 1 1

Ephemeroptera Heptagenidae 4 1 1
Baetidae

._~-

Siphloneuridae
Plecoptera Nemouridae 1 + 1exuvia

Capniidae
Trichoptera i
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Appendix 7, continued.

Sulfur Creek
Sample number 1 2 3 4 5 average maximum

Total number of organisms 74 12 57 20 20 36.6 74
Total number of taxa 2 2 2 1 1 1.6 2

--

Acarina

Nematoda 70 7 56 20 20
---_._--

Tipulidae

Chironomidae

Diptera larvae 3 5 1

Chironomidae

pupae 1
-~_." ..

Simulidae
----_._.".-

--~-

Ephemeroptera Heptagenidae
Baetidae

. --~

Siphloneuridae
Plecoptera Nemouridae 1 exuvia exuvia

Capniidae

Trichoptera

Rachael Creek average maximum
Sample number 1 2 3 4 5

Total number of organisms 1 1 1 0 0 0.6 1
Total number of taxa 1 1 1 0 0 0.6 1

-~-------

Acarina

Nematoda
Tipulidae
Chironomidae

Diptera larvae
Chironomidae

pupae 1 adul 1 adult
Simulidae

_..~---"---

_.....~._,---.-

Ephemeroptera Heptagenidae
Baetidae
Siphloneuridae

Plecoptera Nemouridae 1 1 exuvia
Capniidae

Trichoptera
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Appendix 7, continued.

Red Dog Creek, Station 11
--,-~--

Sample number 1 2 3 4 5 average maximum
Total number of organisms 0 1 0 1 0 0.4 1

Total number of taxa 0 1 0 1 0 0.4 1
-~-_.

Acarina
Nematoda

--------_.
Tipulidae
Chironomidae

Diptera larvae 1
Chironomidae I

I
pupae 1pupa I
Simulidae !

Ephemeroptera Heptagenidae

Baetidae
Siphloneuridae

Plecoptera Nemouridae
- ----_.

~------_._-_._.- - .---
Capniidae

Trichoptera

~~----'-"'-"'-"------'.._-

~_._-----

_. __... I

...~- ---_.. _,._-~-

North Fork Red Dog Creek
Sample number 1 2 3 4 5 average maximum

Total number of organisms 14 40 24 26 26 26 40
Total number of taxa 6 5 7 6 3 5.4 7

Acarina 1 3 1 2
Nematoda 3

_...._---------- --'-,-'._-

Tipulidae 1 1
Chironomidae

Diptera larvae 1 30 12 4 12

Chironomidae

pupae 2 2 2 2
Simulidae 2 1p 1p

Ephemeroptera Heptagenidae 6 3 4 14 10
Baetidae 2 2 2
Siphloneuridae 1

-_._----

Plecoptera Nemouridae
Capniidae 1 2

--~--------- .._..._~---

Trichoptera 1
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Appendix 7, continued.

Red Dog Creek, Station 140
Sample number 1 2 3 4 5 average maximum

Total number of organisms 0 1 0 0 0 0.2 1
Total number of taxa 0 0 0 0 0 0 0

Acarina
Nematoda

Tipulidae

Chironomidae

Diptera larvae 1
--_.~--~----

Chironomidae
i

pupae I

Simulidae !
1----

Ephemeroptera Heptagenidae

Baetidae
Siphloneuridae

Plecoptera Nemouridae 1 exuvia

Capniidae

Trichoptera

- ~._-----

f---------- -
Red Dog Creek, Station 20

Sample number 1 ! 2 3 4 5 average maximum
Total number of organisms 1 1 3 0 0 1 3

Total number of taxa 1 1 1 0 0 0.6 1
f----~-------

Acarina

Nematoda 1 1 3
Tipulidae
Chironomidae

Diptera larvae
Chironomidae
pupae
Simulidae

f---------

Ephemeroptera Heptagenidae
I---'

Baetidae
Siphloneuridae I

Plecoptera Nemouridae
Capniidae

Trichoptera
I
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Appendix 7, concluded.

Red Dog Creek, Station 10
Sample number 1 2 3 4 5 average maximum

Total number of organisms 2 5 13 0 0 4 13
Total number of taxa 1 3 1 0 0 1 3

Acarina

Nematoda 2 3 12

Tipulidae 1 Tipula
Chironomidae

Diptera larvae 1
Chironomidae
pupae 1
Simulidae

Ephemeroptera Heptagenidae

Baetidae

Siphloneuridae

Plecoptera Nemouridae 1 exuvia
._----

Capniidae
Trichoptera

~.~~~_.. ._- -.__. __ ._--_._~-

~-_ .._----

--------.-

Shelley Creek
Sample number 1 2 3 4 5 average maximum

Total number of organisms 4 3 4 7 3 4.2 7
Total number of taxa 1 1 2 2 1 1.4 2

._---_.'-

Acarina
~-

Nematoda 4 5 3
Tipulidae i
Chironomidae

Diptera larvae 2 2 2
Chironomidae

pupae 1 exuvia 1a

Simulidae
--_.•._._._-------~-

_.. ~.~ .._.._._--_._------

Ephemeroptera Heptagenidae
Baetidae
Siphloneuridae

Plecoptera Nemouridae 1 1 2 exuvia
_._~.__ . ._-_.. _-_......__._--

---- -_."---,',.._._.--
Capniidae

Trichoptera
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Appendix 8. Estimates of Chlorophyll-a, 1995.
Periphyton samples were collected and analyzed by ADF&G according to methods
presented in the text.

Station ug/cm2

Creek Number chlorophyll-a

Ikalukrok Creek Station 8 0.155
Ikalukrok Creek Station 8 <LOD
Ikalukrok Creek Station 8 <LOD
Ikalukrok Creek Station 8 <LOD
Ikalukrok Creek Station 8 0.215

Mainstem Red Dog Creek Station 10 <LOD
Mainstem Red Dog Creek Station 10 <LOD
Mainstem Red Dog Creek Station 10 <LOD
Mainstem Red Dog Creek Station 10 <LOD
Mainstem Red Dog Creek Station 10 <LOD

Mainstem Red Dog Creek Station 11 <LOD
Mainstem Red Dog Creek Station 11 <LOD
Mainstem Red Dog Creek Station 11 0.567
Mainstem Red Dog Creek Station 11 <LOD
Mainstem Red Dog Creek Station 11 <LOD

Middle Fork Red Dog Creek Station 20 <LOD
Middle Fork Red Dog Creek Station 20 <LOD
Middle Fork Red Dog Creek Station 20 <LOD
Middle Fork Red Dog Creek Station 20 <LOD
Middle Fork Red Dog Creek Station 20 <LOD

Middle Fork Red Dog Creek Station 140 <LOD
Middle Fork Red Dog Creek Station 140 <LOD
Middle Fork Red Dog Creek Station 140 <LOD
Middle Fork Red Dog Creek Station 140 0.11
Middle Fork Red Dog Creek Station 140 <LOD

Sulfur Creek 0.56
Sulfur Creek 0.49
Sulfur Creek 0.62
Sulfur Creek 0.80
Sulfur Creek 0.32
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Appendix 8, concluded.

Creek

Shelly Creek
Shelly Creek
Shelly Creek
Shelly Creek
Shelly Creek

Connie Creek
Connie Creek
Connie Creek
Connie Creek
Connie Creek

Rachael Creek
Rachael Creek
Rachael Creek
Rachael Creek
Rachael Creek

North Fork Red Dog Creek
North Fork Red Dog Creek
North Fork Red Dog Creek
North Fork Red Dog Creek
North Fork Red Dog Creek

Station
Number

Station 12
Station 12
Station 12
Station 12
Station 12

78

2ug/cm
chlorophyll-a

0.041
0.136
0.064
0.078
<LOD

0.12
0.11
0.13
0.14
0.07

<LOD
<LOD
<LOD
<LOD
<LOD

0.896
1.273
0.558
0.337
0.273



Appendix 9. Common and Scientific Names ofFish from
Wulik River Drainage

Arctic grayling

slimy sculpin

Dolly Varden

humpback whitefish

round whitefish

least cisco

Bering cisco

Alaska blackfish

chum salmon

pink salmon

sockeye salmon

coho salmon

chinook salmon

ninespine stickleback

Thymallus arcticus

Cottus cognatus

Salvelinus malma

Coregonus pidschian

Prosopium cylindraceum

Coregonus sardinella

C'oregonuslaurettae

Dallia pectoralis

Oncorhynchus keta

0. gorbuscha

0. nerka

0. h"iUtch

0. tshawytscha

Pungitius pungitius
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Appendix 10. Overwintering Adult Dolly Varden in the Wulik River.

Fish were aerial surveyed by ADF&G before freeze up. Data on fish surveys are
presented in Weber Scannell and Ott (1995). All surveys were conducted by A. DeCicco,
ADF&G.

Year

Wu1ik River
upstream of

Ika1ukrok Creek

Wu1ik River
downstream of

Ika1ukrok Creek Total Fish

Percent of Fish
downstream of

Ika1ukrok Creek

1979 3,305 51,725 55,030 94

1980 12,486 101,067 113,553 89

1981 4,125 97,136 101,261 96

1982 2,300 63,197 65,497 97

1984 370 30,483 30,853 99

1987 893 60,397 61,290 99

1988 1500 78,644 80,144 98

1989 2,110 54,274 56,384 96

1991 7,930 119,055 126,985 94

1992 750 134,385 135,135 99

1993 7,650 136,488 144,138 95

1994 415 66,337 66,752 99
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Appendix 11. Water quality and metals data, 1979-1983.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Wulik River
Station 02 6/19/81 D&M 113 147 800.0

Station 02 7/16/81 D&M 118 166 7.7 11.7 237 1700.0

Station 02 8/14/81 D&M 103 174 7.4 12.0 2100.0

Station 02 9/6/81 D&M 183 7.6 11.5 291 650.0

Station 02 3/17/82 D&M 200 6.7 9.9 320

Station 02 6/1/82 D&M 7.1 12.9 111 2700.0

Station 02 7/9/82 D&M 7.8 10.3 219 800.0

Station 02 8/10/82 D&M 8.0 11.2 264 500.0

Station 02 9/12/82 D&M 7.9 12.7 275 600.0

Station 02 10/16/82 D&M 7.9 13.9 230 190.0

Ikalukrok Creek at oudd Creek
Station 07 6/18/81 D&M 96 128

Station 07 9/7/81 D&M 179 7.5 11.3 300 110.0

Station 07 7/9/82 D&M 7.7 9.3 216 175.0

Station 07 8/11/82 D&M 7.8 11.8 268 118.0

Station 07 9/12/82 D&M 7.9 12.8 293 135.0

Station 07 10/17/82 D&M 7.7 12.6 320 45.0

Ikalukrok Creek
Station 73 3/19/82 D&M 7.9 0.6 1050

Station 73 7/6/82 EVS

Station 73 7/6/82 EVS

Station 73 7/10/82 D&M 7.5 9.6 189 1550.0

Station 73 7/23/82 EVS

Station 73 7/23/82 EVS

Station 73 7/31/82 EVS

Station 73 7/31/82 EVS

Station 73 8/11/82 D&M 7.7 11.4 264 108.0

Station 73 8/14/82 EVS

Station 73 8/14/82 EVS

Station 73 9/13/82 D&M 7.1 13.2 282 100.0

Station 73 10/19/82 D&M 7.7 12.4 230 28.0

i
i

Ikalukrok Creek below Red Dog Creek
Station 08 8/11/81 D&M 146 174 6.9 11.2 140.0

Station 08 9/4/81 D&M 167 7.7 11.0 292 110.0

Station 08 3/21/82 D&M 720 635 7.3 2.3 940
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Appendix 11, continued.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Station 08 5/30/82 D&M 28 6.1 13.7 233 300.0

Station 08 7/8/82 D&M 96 62 7.5 10.0 200 162.0

Station 08 7/8/82 D&M 36

Station 08 8/12/82 D&M 155 7.6 11.6 499 105.0

Station 08 9/13/82 D&M 72 7.6 13.5 286 100.0

Station 08 9/13/82 D&M 145 100.0

Station 08 10/19/82 D&M 194 114 7.3 11.8 440 15.0

Station 08 10/19/82 D&M

Station 08 5/28/83 P&N 280.0

Station 08 6/15/83 P&N 89.0

Station 08 6/15/83 P&N

Station 08 7/10/83 P&N 75.0

Station 08 8/3/83 P&N 80.0

Station 08 9/3/83 P&N 80.0

Station 08 7/18/81 D&M 79 124 7.1 12.1 179 310.0

Ikalukrok Creek above Red Dog Creek
Station 09 6/17/81 D&M 90 115 110.0

Station 09 7/16/81 D&M 93 123 7.5 11.7 192 230.0

Station 09 8/11/81 D&M 142 163 7.2 11.3 98.0

Station 09 9/4/81 D&M 163 7.5 11.7 285 82.0

Station 09 3/19/82 D&M 290 284 7.1 0.2 430

Station 09 5/30/82 D&M 34 6.0 13.9 243 170.0

Station 09 7/6/82 EVS 85 245.0

Station 09 7/6/82 EVS 85 245.0

Station 09 7/8/82 30 7.8 9.8 188 132.0

Station 09 7/8/82 EVS 92 132.0

Station 09 7/14/82 EVS 100.0

Station 09 7/21/82 EVS 123 70.0

Station 09 7/22/82 EVS 127 100.0

Station 09 7/23/82 EVS 121 190.0

Station 09 7/23/82 EVS 121 190.0

Station 09 7/24/82 EVS 109 250.0

Station 09 7/26/82 EVS 87 1260.0

Station 09 7/29/82 EVS 105 360.0

Station 09 7/31/82 EVS 106 460.0

Station 09 7/31/82 EVS

Station 09 8/1/82 EVS 111 365.0

Station 09 8/7/82 EVS 133 135.0

Station 09 8/12/82 D&M 7.8 11.5 480 78.0
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Appendix 11, continued.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Station 09 8/12/82 EVS 123 100.0

Station 09 8/12/82 CL 152 78.0

Station 09 8/14/82 EVS 110 770.0

Station 09 8/14/82 EVS

Station 09 9/13/82 D&M 143 60 7.9 13.5 280 73.0

Station 09 10/19/82 D&M 176 76 7.8 12.9 370 11.0

Station 09 5/28/83 P&N 200.0

Station 09 6/15/83 P&N 67.0

Station 09 7/10/83 P&N 50.0

Station 09 8/3/83 P&N 60.0

Station 09 9/3/83 P&N 60.0

Mainsfem Red Dog Creek
Station 10 6/17/81 D&M 86 159 69.6 6.6 32.0

Station 10 7/17/81 D&M 99 175 66.6 6.5 11.7 233 76.0

Station 10 8/11/81 D&M 156 198 46.0 6.6 10.7 35.0

Station 10 9/4/81 D&M 184 232 87.0 6.4 10.9 341 28.0

Station 10 3/19/82 D&M 6.7 0.3 1090

Station 10 3/21/82 D&M 876 440.0

Station 10 5/30/82 D&M 21 24 7.9 6.1 13.5 154 123.0

Station 10 5/30/82 D&M 9 8.8

Station 10 7/6/82 EVS 93 50.0

Station 10 7/6/82 EVS

Station 10 7/8/82 D&M 107 158 68.0 7.0 9.2 236 30.0

Station 10 7/8/82 D&M

Station 10 7/14/82 EVS 25.0

Station 10 7/14/82 EVS

Station 10 7/21/82 EVS 147 20.0

Station 10 7/21/82 EVS

Station 10 7/22/82 EVS 137 22.0

Station 10 7/22/82 EVS

Station 10 7/23/82 EVS 155 26.0

Station 10 7/23/82 EVS

Station 10 7/23/82 EVS

Station 10 7/23/82 EVS 140 27.0

Station 10 7/24/82 EVS 151 32.0

Station 10 7/24/82 EVS
..

Station 10 7/26/82 EVS 126.0

Station 10 7/29/82 EVS 119 58.0

Station 10 7/29/82 EVS
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Appendix 11, continued.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Station 10 7/30/82 EVS 117 66.0

Station 10 7/30/82 EVS

Station 10 7/31/82 EVS 98 108.0

Station 10 7/31/82 EVS

Station 10 8/1/82 EVS 107 80.0

Station 10 8/1/82 EVS

Station 10 8/7/82 EVS 127 36.0

Station 10 8/12/82 D&M 207 75.0 7.3 11.5 492 27.0

Station 10 8/12/82 EVS 142 32.0

Station 10 8/12/82 EVS

Station 10 8/14/82 EVS 107 80.0

Station 10 8/14/82 EVS

Station 10 9/13/82 D&M 144 210 102.0 7.3 13.0 315 27.0

Station 10 9/13/82 D&M
---
Station 10 10/19/82 D&M 286 124.0 7.0 10.6 450 3.2

Station 10 10/19/82 D&M 227 3.2

Middle Fork Red Dog Creek (upstream of North Fork Red D
Station 20 6/15/78 W&O

Station 20 5/31/82 5.7 14.2 28 55.0

Station 20 7/6/82 EVS 59

Station 20 7/6/82 EVS

Station 20 7/8/82 D&M 64 66 6.6 9.7 181 14.0

Station 20 7/8/82 D&M

Station 20 7/14/82 EVS 15.0

Station 20 7/14/82 EVS

Station 20 7/21/82 EVS 109 8.0

Station 20 7/23/82 EVS 110 10.0

Station 20 7/23/82 EVS 103 11.0

Station 20 7/23/82 EVS
~~,.

Station 20 7/23/82 EVS

Station 20 7/24/82 EVS 105 13.0

Station 20 7/24/82 EVS

Station 20 7/26/82 EVS 107 54.0

Station 20 7/29/82 EVS 81 20.0

Station 20 7/29/82 EVS

Station 20 7/30/82 EVS 75 22.0

Station 20 7/30/82 EVS

Station 20 7/31/82 EVS 70 36.0

Station 20 7/31/82 EVS
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Appendix 11, continued.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Station 20 8/1/82 EVS 75 29.0

Station 20 8/1/82 EVS

Station 20 8/7/82 EVS 90 11.0

Station 20 8/12/82 D&M 6.9 11.0 525 12.0

Station 20 8/12/82 D&M

Station 20 8/12/82 EVS 93 11.0

Station 20 8/12/82 EVS

Station 20 8/14/82 EVS 93 76.0

Station 20 8/14/82 EVS

Station 20 9/13/82 D&M 96 108 6.6 12.1 265 12.0

Station 20 9/13/82 D&M

Station 20 10/19/82 D&M 145 149 6.8 11.6 390 1.6

Station 20 10/19/82 D&M

Middle Fork Red Dog Creek
Station 30 6/17/81 D&M 131

Station 30 7/17/81 D&M 170 5.9 11.4 237 27.0

Station 30 8/12/81 D&M 129 262 120 5.8 11.6 8.2

Station 30 9/5/81 D&M 287 174 5.8 13.3 374 6.1

Station 30 5/31/82 D&M 5.3 14.2 63 22.0

Station 30 7/6/82 EVS 68

Station 30 7/6/82 EVS

Station 30 7/8/82 D&M 95 6.5 lOA 220 8.9

Station 30 7/8/82 D&M

Station 30 7/23/82 EVS 134

Station 30 7/23/82 EVS

Station 30 7/23/82 EVS 134

Station 30 7/23/82 EVS

Station 30 7/24/82 EVS 155

Station 30 7/24/82 EVS

Station 30 7/26/82 EVS

Station 30 7/26/82 EVS 851

Station 30 7/29/82 EVS 84

Station 30 7/29/82 EVS

Station 30 7/30/82 EVSI 94

Station 30 7/30/82 EVS

Station 30 7/31/82 EVS 88

Station 30 7/31/82 EVS

Station 30 8/1/82 EVS 77

Station 30 8/1/82 EVS
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Appendix 11, continued.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Station 30 8/13/82 D&M 6.2 11.1 276 14.0

Station 30 8/13/82 D&M

Station 30 8/14/82 EVS 90

Station 30 8/14/82 EVS

Station 30 9/13/82 D&M 196 6.5 11.2 383 5.6

Station 30 9/13/82 D&M

Station 30 10/19/82 D&M 201 324 5.8 11.2 650 1.3

Station 30 10/19/82 D&M

Middle Fork Red Dog Creek
Station 140 7/6/82 EVS 68 6.7

Station 140 7/6/82 EVS

Station 140 7/23/82 EVS 134 6.1

Station 140 7/23/82 EVS

Station 140 7/23/82 EVS 134 5.9

Station 140 7/23/82 EVS

Station 140 7/24/82 EVS 155 5.8

Station 140 7/24/82 EVS

Station 140 7/26/82 EVS 85 6.1

Station 140 7/26/82 EVS

Station 140 7/29/82 EVS 84 6.6

Station 140 7/29/82 EVS

Station 140 7/30/82 EVS 94 6.5

Station 140 7/30/82 EVS

Station 140 7/31/82 EVS 88 6.7

Station 140 7/31/82 EVS

Station 140 8/1/82 EVS 77 6.5

Station 140 8/1/82 EVS

Station 140 8/14/82 EVS 90 6.3

Station 140 8/14/82 EVS

North Fork Red Dog Creek
Station 12 6/17/81 D&M 187

Station 12 7/17/81 D&M i 183 7.0 11.9 275 54.0

Station 12 8/12/81 D&M 94 210 7.0 11.2 34.0

Station 12 9/4/81 D&M 7.7 10.9 373 17.0

Station 12 5/31/82 D&M 39 6.0 14.4 44 66.0

Station 12 7/7/82 D&M 50.0 7.5 11.3 255 20.0

Station 12 7/23/82 EVS 188 16.0
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Appendix 11, continued.

Water Quality Data, before mining.

Station DATE Source hard. TDS S04 pH D.O. Condo Flow

mg/L mg/L mg/L cfs

Station 12 7/23/82 EVS

Station 12 7/23/82 EVS 180 16.0

Station 12 7/23/82 EVS

Station 12 7/24/82 EVS 180 18.0

Station 12 7/24/82 EVS

Station 12 7/26/82 EVS 70 74.0

Station 12 7/29/82 EVSI 98 34.0

Station 12 7/29/82 EVS

Station 12 7/30/82 EVS 49 54.0

Station 12 7/30/82 EVS

Station 12 7/31/82 EVS 58 76.0

Station 12 7/31/82 EVS

Station 12 8/1182 EVS 65 53.0

Station 12 8/1/82 EVS

Station 12 8/7/82 EVS 94 19.0

Station 12 8/12/82 D&M 201 7.8 11.2 591 15.0

Station 12 8/12/82 EVS 155 16.0

Station 12 8/12/82 EVS

Station 12 8/14/82 EVS 85 92.0

Station 12 8/14/82 EVS

Station 12 9/13/82 D&M 179 87.5 7.8 12.6 352 14.0

Station 12 10/19/82 D&M 217 98.0 7.5 9.5 450 8.1
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Appendix 11, continued.

Metals Concentrations before Mine Development

--------
Station DATE Source Report* AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Wulik River
Station 02 6/19/81 D&M D 0.002 < 0.000 0.02
~~_ .._----

Station 02 7/16/81 D&M D 0.004 0.000 0.00
---
Station 02 8/14/81 D&M D < 0.002 0.000 0.00

Station 02 9/6/81 D&M D 0.008 0.012 0.13

Station 02 3/17/82 D&M D 0.006 0.001 0.02

Station 02 6/1/82 D&M T 0.000 0.001 0.00

Station 02 7/9/82 D&M T 0.009 0.001 0.01

Station 02 8/10/82 D&M T 0.002 0.001 0.01

Station 02 9/12/82 D&M T 0.002 0.001 0.01

Station 02 10/16/82 D&M T 0.002 0.001 0.01

Ikalukrok Creek at Oudd Creek
Station 07 6/18/81 D&M D 0.007 0.001 0.34

Station 07 9/7/81 D&M D 0.012 0.004 0.29

Station 07 7/9/82 D&M T 0.010 0.001 0.21

Station 07 8/11/82 D&M T 0.004 0.001 0.34

Station 07 9/12/82 D&M T 0.008 0.001 0.48

Station 07 10/17/82 D&M T < 0.002 0.001 0.28

Ikalukrok Creek
Station 73 3/19/82 D&M D 0.004 0.009 3.00

Station 73 7/6/82 EVS T 0.006 0.017 0.86

Station 73 7/6/82 EVS D 0.006 0.007 0.71

Station 73 7/10/82 D&M T 0.012 0.000 0.35
---
Station 73 7/23/82 EVS T < 0.025 < 0.080 1.18

Station 73 7/23/82 EVS D < 0.025 < 0.080 1.10

Station 73 7/31/82 EVS T < 0.025 < 0.080 1.44

Station 73 7/31/82 EVS D 0.025 < 0.080 1.42

Station 73 8/11/82 D&M T 0.007 0.001 0.68

Station 73 8/14/82 EVS T 0.012 0.045 1.80
--~."._---

Station 73 8/14/82 EVS D 0.011 0.041 1.74
f-------------.

Station 73 9/13/82 D&M T 0.011 0.002 0.86

Station 73 10/19/82 D&M T 0.006 0.001 0.70

_.._-- I I

D =dissolved metals, T =total metals, TR =total recoverable metals.
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Appendix 11, continued.

Metals Concentrations before Mine Development
f------~-~

_.---

Station DATE Source Report* AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Ikalukrok Creek below Red Dog Creek
Station 08 8/11/81 D&M D 0.007 0.000 0.77

Station 08 9/4/81 D&M D 0.008 0.010 0.76

Station 08 3/21/82 D&M D 0.034 0.001 0.48

Station 08 5/30/82 D&M T 0.02 0.001 < 0.002 0.009 0.17

Station 08 7/8/82 D&M T 0.02 0.016 < 0.002 0.002 0.71
------
Station 08 7/8/82 D&M D 0.014 0.001 0.72

Station 08 8/12/82 D&M T 0.14 0.025 0.022 0.004 1.66
~ _.._---_ ..._.-_._--

Station 08 9/13/82 D&M D. 0.019 0.001 2.25

Station 08 9/13/82 D&M T 0.17 0.020 0.005 0.028 1.74

Station 08 10/19/82 D&M T 0.02 0.038 0.003 0.002 4.20

Station 08 10/19/82 D&M D 0.034 0.002 4.10

Station 08 5/28/83 P&N T 0.14 0.004 0.003 0.006 0.38

Station 08 6/15/83 P&N D 0.002 0.005 0.41

Station 08 6/15/83 P&N T 0.03 0.004 0.005 0.014 0.44

Station 08 7/10/83 P&N T 0.03 0.007 0.002 0.002 0.30

Station 08 8/3/83 P&N T 0.04 0.004 0.001 0.010 0.26

Station 08 9/3/83 P&N T 0.08 0.014 0.005 0.026 0.94

Station 08 7/18/81 D&M D 0.010 0.013 0.97

Ikalukrok Creek above Red Dog Creek
Station 09 6/17/81 D&M D < 0.002 0.002 0.095

Station 09 7/16/81 D&M D 0.004 < 0.000 0.014

Station 09 8/11/81 D&M D 0.005 < 0.000 0.018

Station 09 9/4/81 D&M D 0.007 0.001 0.006

Station 09 3/19/82 D&M D 0.002 0.001 0.143

Station 09 5/30/82 D&M T 0.02 < 0.000 I 0.002 0.001 0.026

Station 09 7/6/82 EVS T ; 0.001 0.004 2.300

Station 09 7/6/82 EVS D ! i < 0.001 0.001 < 0.015

Station 09 7/8/82
-_._~-_._-'--'._--'.

Station 09 7/8/82 EVS T 0.02 0.003 0.004 < 0.000 0.013

Station 09 7/14/82 EVS

Station 09 7/21/82 EVS I
-'-'~----"-'-

Station 09 7/22/82 EVS

Station 09 I 7/23/82 EVS T : < 0.025 < 0.080 0.023

Station 09 7/23/82 EVS D I < 0.025 < 0.080 0.029

Station 09 7/24/82 EVS

Station 09 7/26/82 EVS

Station 09 7/29/82 EVS

Station 09 7/31/82 EVS T < 0.025 < 0.080 0.028
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Appendix 11, continued.

Metals Concentrations before Mine Development

~-

Station DATE Source Report* AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Station 09 7131/82 EVS D < 0.025 < 0.080 0.023

Station 09 8/1/82 EVS

Station 09 8/7/82 EVS

Station 09 8/12/82 D&M D 0.020 0.002 1.660

Station 09 8/12/82 EVS
'-------

Station 09 8/12/82 CL T 0.13 0.002 0.008 0.000 0.023

Station 09 8/14/82 EVS T < 0.001 0.008 0.075

Station 09 8/14/82 EVS D < 0.001 < 0.080 0.054

Station 09 9/13/82 D&M T 0.23 0.002 0.004 < 0.000 0.025

Station 09 10/19/82 D&M T 0.02 0.002 0.009 0.001 0.032
'---------
Station 09 5/28/83 P&N T 0.06 0.000 0.012 0.002 0.032

Station 09 6/15/83 P&N T 0.03 0.001 0.002 0.001 0.031

Station 09 7/10/83 P&N T 0.03 < 0.001 0.005 0.000 0.017

Station 09 8/3/83 P&N T 0.08 < 0.001 0.001 0.001 0.012

Station 09 9/3/83 P&N T 0.06 0.006 0.008 0.002 0.020

----------

rylainstem Red Dog Creek
Station 10 6117/81 D&M D 0.022 0.004 0.001 3.90

Station 10 7/17/81 D&M D 0.025 0.005 0.007 3.44
--
Station 10 8/11/81 D&M D 0.026 0.005 0.001 3.47

Station 10 9/4/81 D&M D 0.038 0.004 0.001 4.03
~-

Station 10 3/19/82 D&M T < 0.02 0.095 0.009 0.004 13.00
C-------- ---

Station 10 3/21/82 D&M D < 0.02 0.098 0.002 0.001 9.20
-

Station 10 5/30/82 D&M T 0.002 0.005 0.028 0.66
--
Station 10 5/30/82 D&M D < 0.02 0.002 0.003 0.012 0.57

-

Station 10 7/6/82 EVS T 1.19 0.026 0.065 3.00

Station 10 7/6/82 EVS D 0.05 0.025 0.065 2.65-_._---_ .._-
Station 10 7/8/82 D&M T < 0.02 0.024 < 0.002 0.008 3.32
-----
Station 10 7/8/82 D&M D < 0.02 0.023 < 0.002 0.002 3.23

Station 10 7/14/82 EVS T 0.37 0.029 < 0.080 3.71

Station 10 7/14/82 EVS D < 0.15 0.027 < 0.080 3.70

Station 10 7/21/82 EVS T < 0.15 0.031 < 0.080 4.18

Station 10 7/21/82 EVS D. < 0.15 0.032 < 0.080 4.11

Station 10 7/22/82 EVS T 0.50 0.035 < 0.080 4.68
-
Station 10 7/22/82 EVS D 0.62 0.035 < 0.080 4.50
---
Station 10 7/23/82 EVS T < 0.15 0.034 < 0.080 4.28

Station 10 7/23/82 EVS D < 0.15 0.034 < 0.080 4.04

Station 10 7/23/82 EVS D i < 0.15 0.040 < 0.080 4.54
--------
Station 10 7/23/82 EVS T 0.54 0.038 < 0.080 4.80
I---~-----

Station 10 i 7/24/82 EVS T 0.19 0.035 < 0.080 4.73
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Appendix 11, continued.

Metals Concentrations before Mine Development

Station DATE Source Report* AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Station 10 7/24/82 EVS D < 0.15 0.036 < 0.080 4.76

Station 10 7/26/82 EVS D 0.38 < 0.025 < 0.080 2.45

Station 10 7/29/82 EVS T 0.42 0.028 < 0.080 3.68

Station 10 7/29/82 EVS D < 0.15 0.027 < 0.080 3.50

Station 10 7/30/82 EVS T 0.63 < 0.025 0.100 2.87

Station 10 7/30/82 EVS D 0.48 < 0.025 < 0.080 2.59

Station 10 7/31/82 EVS T 0.64 < 0.025 < 0.080 2.81

Station 10 7/31/82 EVS D < 0.15 < 0.025 < 0.080 2.73

Station 10 8/1/82 EVS T 0.55 0.026 < 0.080 3.29

Station 10 8/1/82 EVS D < 0.15 0.026 < 0.080 3.29

Station 10 8/7/82 EVS T 0.32 0.036 < 0.080 4.29

Station 10 8/12/82 D&M D 0.05 0.034 0.019 0.002 4.23
----
Station 10 8/12/82 EVS T < 0.15 0.041 < 0.080 5.06

Station 10 8/12/82 EVS D < 0.15 < 0.025 < 0.080 2.06

Station 10 8/14/82 EVS T 0.61 0.020 0.060 2.67

Station 10 8/14/82 EVS D 0.18 0.017 0.056 2.50

Station 10 9/13/82 D&M T 1.01 0.038 0.002 0.083 3.81

Station 10 9/13/82 D&M D 0.21 0.034 0.002 0.002 3.46

Station 10 10/19/82 D&M D < 0.02 0.041 0.007 0.001 4.30

Station 10 10/19/82 D&M T 0.04 0.044 0.016 0.002 4.58

Middle Fork Red Dog Creek
Station 20 6/15/78 W&O T 0.020 0.084 2.63
---
Station 20 5/31/82

1----------

Station 20 7/6/82 EVS T 0.91 0.055 0.130 8.33

Station 20 7/6/82 EVS D 0.08 0.050 0.053 7.54

Station 20 7/8/82 D&M T 0.07 0.078 0.010 0.074 9.40

Station 20 7/8/82 D&M D 0.077 0.007 8.90

Station 20 7/14/82 EVS T 0.67 0.099 0.150 15.00

Station 20 7/14/82 EVS D 0.23 0.110 0.110 13.70

Station 20 7/21/82 EVS D < 0.15 0.110 < 0.080 16.20

Station 20 7/23/82 EVS T 0.83 0.110 0.360 15.60

Station 20 7/23/82 EVS D < 0.15 0.100 < 0.080 15.10
.~.~

Station 20 7/23/82 EVS T 0.86 0.099 0.350 13.40
-,

Station 20 7/23/82 EVS D < 0.15 0.095 < 0.080 12.70

Station 20 7/24/82 EVS T 0.86 0.094 0.360 13.40

Station 20 7/24/82 EVS D < 0.15 0.092 0.099 12.90

Station 20 7/26/82 EVS D 0.24 0.046 0.093 5.88
1-----

Station 20 7/29/82 EVS T 0.68 0.078 0.200 10.40
1---'
Station 20 7/29/82 EVS D < 0.15 0.078 < 0.080 10.20
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Appendix 11, continued.

Metals Concentrations before Mine Development

Station DATE Source Report* AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Station 20 7/30/82 EVS T 0.63 0.064 0.290 8.36

Station 20 7/30/82 EVS D 0.16 0.062 0.110 8.34

Station 20 7/31/82 EVS T 0.41 0.060 0.180 8.12_._-----
Station 20 7/31/82 EVS D < 0.15 0.059 < 0.080 8.00

Station 20 8/1/82 EVS T 0.48 0.068 0.170 8.79

Station 20 8/1/82 EVS D < 0.15 0.069 < 0.080 8.67
-
Station 20 8/7/82 EVS T 0.62 0.120 0.220 14.50

Station 20 8/12/82 D&M T 0.119 0.025 0.266 13.70
----_._----
Station 20 8/12/82 D&M T 0.064 0.188 7.25

Station 20 8/12/82 EVS T 0.54 0.120 0.310 15.20

Station 20 8/12/82 EVS D 0.51 0.057 0.180 7.51

Station 20 8/14/82 EVS T 0.59 0.043 0.170 5.93
-----,.

Station 20 8/14/82 EVS D 0.21 0.047 0.140 5.90

Station 20 9/13/82 D&M T 0.52 0.107 0.008 0.097 9.91

Station 20 9/13/82 D&M D 0.104 0.002 9.82

Station 20 10/19/82 D&M T 0.05 0.140 0.005 0.021 16.50

Station 20 10/19/82 D&M D 0.137 0.017 16.40

Middle Fork Red Dog Creek
Station 30 6/17/81 D&M D 0.088 0.005 12.40
.'---"

Station 30 7/17/81 D&M D 0.110 0.248 12.60

Station 30 8/12/81 D&M D 0.184 0.009 23.60

Station 30 9/5/81 D&M D 0.182 0.007 0.003 12.90

Station 30 5/31/82 D&M
-"'-"-'---'-'~--'--

Station 30 7/6/82 EVS T 1.60 0.091 0.240 13.40

Station 30 7/6/82 EVS D 0.44 0.084 0.230 12.40
------.0- --- ...,--

Station 30 7/8/82 D&M T 0.30 0.115 0..0130 0.257 15.90

Station 30 7/8/82 D&M D 0.114 0.169 15.50

Station 30 7/23/82 EVS T 2.31 0.210 1.110 28.50
--~---._-_.-

Station 30 7/23/82 EVS D 1.50 0.190 0.870 27.40

Station 30 7/23/82 EVS T 1.27 0.190 0.650 26.70
----~-.._---._--------

Station 30 7/23/82 EVS D 0.31 0.190 0.640 26.10

Station 30 7/24/82 EVS T 1.34 0.180 0.990 25.80
._.-.. _------ ..

Station 30 7/24/82 EVS D 0.94 0.940 0.880 24.30

Station 30 I 7/26/82 EVS T 0.17 0.078 0.110 10.50
-~----~

7/26/82 EVS D < 0.15 0.075 < 0.080 10.40Station 30 i

Station 30 7/29/82 EVS T 1.02 0.140 0.350 18.60

Station 30 i 7/29/82 EVS D 0.60 0.140 0.350 17.90

Station 30 i 7/30/82 EVS T 0.64 0.120 0.400 16.70

Station 30 7/30/82 EVS D 0.50 0.130 0.190 16.60
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Appendix 11, continued.

Metals Concentrations before Mine Development

----"---"

Station DATE Source Report· AI Cd Cu Pb Zn

mg/L mg/L mg/L Img/L mg/L

Station 30 7/31/82 EVS T 0.76 0.110 0.320 14.20

Station 30 7/31/82 EVS 0 0.53 0.110 0.340 14.00

Station 30 8/1/82 EVS T 0.69 0.110 0.310 14.80

Station 30 8/1/82 EVS 0 0.48 0.110 0.310 14.60

Station 30 8/13/82 D&M T 0.40 0.141 0.028 0.253 15.80

Station 30 8/13/82 D&M 0 0.137 0.007 15.10

Station 30 8/14/82 EVS T 0.95 0.075 0.270 9.12
._-_.~-~--

Station 30 8/14/82 EVS 0 0.24 0.071 0.190 9.06

Station 30 9/13/82 D&M T 1.25 0.213 0.019 0.278 22.40

Station 30 9/13/82 D&M 0 0.210 0.014 22.20

Station 30 10/19/82 D&M T 0.72 0.481 0.007 0.462 49.80

Station 30 10/19/82 D&M 0 0.445 0.412 49.20

Middle Fork Red Dog Creek
Station 140 7/6/82 EVS T 1.60 0.091 0.240 13.40
_._-- -._ ..- ....- .---. "---_.

Station 140 7/6/82 EVS 0 0.44 0.084 0.230 12.40
._----~-

Station 140 7/23/82 EVS T 2.31 0.210 1.110 28.50

Station 140 7/23/82 EVS 0 1.50 0.190 0.870 27.40

Station 140 7/23/82 EVS T 1.27 0.190 0.650 26.70

Station 140 7/23/82 EVS D 0.81 0.190 0.640 26.10

Station 140 7/24/82 EVS T 1.34 0.180 0.990 25.80

Station 140 7/24/82 EVS 0 0.94 0.170 0.880 24.30

Station 140 7/26/82 EVS T 0.17 0.078 0.110 10.50

Station 140 7/26/82 EVS 0 < 0.15 0.075 < 0.080 10.40

Station 140 7/29/82 EVS T 1.02 0.140 0.350 18.60

Station 140 I 7/29/82 EVS 0 0.60 0.140 0.350 17.90I

Station 140 i 7/30/82 EVS T 0.64 0.120 0.400 16.70

Station 140 7/30/82 EVS 0 0.50 0.130 0.190 16.60

Station 140 7/31/82 EVS T 0.76 0.110 0.320 14.20

Station 140 7/31/82 EVS D 0.53 0.110 0.340 14.00

Station 140 8/1/82 EVS T 0.69 0.110 0.310 14.80

Station 140 8/1/82 EVS D 0.48 0.110 0.310 14.60

Station 140 8/14/82 EVS T 0.95 0.075 0.270 9.12

Station 140 8/14/82 EVS D 0.24 0.071 0.190 9.06

,

North Fork Red Dog Creek
Station 12 I 6/17/81 D&M 0 0.005 < 0.000 0.02

-
Station 12 7/17/81 D&M 0 0.003 < 0.000 0.04

Station 12 8/12/81 D&M 0 0.009 < 0.000 0.05

Station 12 9/4/81 D&M 0 0.002 0.000 0.01
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Appendix 11, continued.

Metals Concentrations before Mine Development

Station DATE Source Report· AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Station 12 5/31/82 D&M T < 0.02 < 0.000 0.003 0.001 0.08

Station 12 7/7/82 D&M T < 0.02 0.002 0.002 0.001 0.01

Station 12 7/23/82 EVS T 0.21 < 0.025 < 0.080 0.07

Station 12 7/23/82 EVS D < 0.15 < 0.025 < 0.080 0.02

Station 12 7/23/82 EVS T 0.35 < 0.025 < 0.080 0.37

Station 12 7/23/82 EVS D < 0.15 < 0.025 < 0.080 0.15

Station 12 7/24/82 EVS T 0.29 < 0.025 < 0.080 0.05

Station 12 7/24/82 EVS D < 0.15 < 0.025 < 0.080 < 0.02

Station 12 7/26/82 EVS D < 0.15 < 0.025 < 0.080 0.05

Station 12 7/29/82 EVS T 0.32 < 0.025 < 0.080 0.02

Station 12 7/29/82 EVS D < 0.15 < 0.025 < 0.080 < 0.02

Station 12 7/30/82 EVS T 0.55 < 0.025 < 0.080 0.02

Station 12 7/30/82 EVS D 0.16 < 0.025 < 0.080 < 0.02

Station 12 7/31/82 EVS T 0.26 < 0.025 < 0.080 < 0.02
---
Station 12 7/31/82 EVS D < 0.15 < 0.025 < 0.080 0.02

Station 12 8/1/82 EVS T < 0.15 < 0.025 < 0.080 0.02

Station 12 8/1/82 EVS D < 0.15 < 0.025 < 0.080 < 0.02

Station 12 8/7/82 EVS T 0.41 < 0.025 < 0.080 < 0.02

Station 12 8/12/82 D&M T 0.13 < 0.002 0.013 0.002 0.02

Station 12 8/12/82 EVS T < 0.15 < 0.025 < 0.080 0.13

Station 12 8/12/82 EVS D < 0.15 < 0.025 < 0.080 0.03

Station 12 8/14/82 EVS T 0.34 < 0.001 < 0.008 0.11

Station 12 8/14/82 EVS D < 0.15 < 0.001 < 0.001 0.06

Station 12 9/13/82 D&M T 0.31 0.002 0.005 0.001 0.01
~-

Station 12 10/19/82 D&M T < 0.02 0.002 0.006 0.001 0.02
-
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Appendix 11, continued.

DATE REF. Report Cd Pb Zn
mg/L mg/L mg/L

Sulfur Creek, Station 34
7/15/81 D&M D 0.008 0.0719 0.188
8/11/81 D&M D 0.005 0.2650 0.970

9/4/82 D&M D 0.007 0.0481 1.167

Shelly Creek, Station 38
9/4/81 D&M D 0.013 0.0037 0.694
7/7/82 D&M T 0.019 0.0220 0.613

8/13/82 D&M T 0.006 0.0099 0.340
9/13/82 D&M T 0.021 0.0256 0.910

10/20/82 D&M T 0.028 0.0801 2.310

~-~

Connie Creek, Station 40
9/4/81 D&M D. 0.013 0.0041 0.222

3/23/82 D&M D 0.002 0.0021 0.002
7/7/82 D&M T 0.012 0.0181 0.201

8/13/82 D&M T 0.011 0.0213 0.761
9/13/82 D&M T 0.005 0.0158 0.756

10/20/82 D&M T 0.021 0.0267 2.420

Rachael Creek, Station 47
7/7/82 D&M T 0.008 0.0006 0.061

8/13/82 D&M T 0.002 0.0034 0.079
9/13/82 D&M T 0.002 0.0005 0.142

10/20/82 D&M T 0.002 0.0010 0.100

Middle Fork Red Dog Creek, Station 45
6/15/81 D&M D 0.011 0.0010 1.700

-

8/11/81 D&M D 0.008 0.0032 0.284
9/4/81 D&M D 0.006 0.0010 0.213
7/6/82 EVS T < 0.001 0.0020 0.053
7/6/82 EVS D < 0.001 0.0020 0.039
7/7/82 D&M T 0.010 0.0006 0.045

7/23/82 EVS T < 0.025 < 0.0800 0.370
7/23/82 EVS D < 0.025 < 0.0800 0.089
7/23/82 EVS T < 0.025 < 0.0800 0.069
7/23/82 EVS D < 0.025 < 0.0800 0.036
7/24/82 EVS T < 0.025 < 0.0800 0.051
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Appendix 11, concluded.

DATE REF. Report Cd Pb Zn
mg/L mg/L mg/L

Middle Fork Red Dog Creek, Station 45, continued
7/24/82 EVS D < 0.025 < 0.0800 0.049
7/26/82 EVS D < 0.025 < 0.0800 0.120
7/29/82 EVS T < 0.025 < 0.0800 0.088
7/29/82 EVS D < 0.025 < 0.0800 0.058
7/30/82 EVS T < 0.025 < 0.0800 0.088
7/30/82 EVS D < 0.025 < 0.0800 0.055
7/31/82 EVS T < 0.025 < 0.0800 0.078
7/31/82 EVS D < 0.025 < 0.0800 0.055

8/1 /82 EVS T < 0.025 < 0.0800 0.086
--

8/1/82 EVS D 0.025 0.0800< < 0.066
8/13/82 D&M T 0.004 0.0008 0.028
8/14/82 EVS T < 0.001 0.0040 0.200
8/14/82 EVS D < 0.001 < 0.0010 0.150
9/13/82 D&M T 0.002 0.0009 0.075

10/20/82 D&M T 0.002 0.0004 0.034
9/4/81 D&M D 0.021 0.0152 0.682
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Appendix 12. Water quality and metals data, 1991-1995.

Ikalukrok Creek: Station 8 and Station 73
Water Quality

Station Date Reference Hard TOS S04 TSS pH Temp. D.O. Turb Cond Flow, cfs
mg/L mg/L mg/L mg/L °C mg/L NTU

Station 08 8/3/91 Cominco 143 174 < 5 6.8 11.2 10.6 0.6 576
Station 08 8/8/91 Cominco 252 384 < 5 7.0 6.6 11.1 0.9 320
Station 08 8/9/91 Cominco 269 406 5 7.0 5.7 12.9 1.3 497
Station 08 8/13/91 Cominco 179 257 6 7.5 10.0 13.6 1.4
Station 08 8/16/91 Cominco 164 299 < 5 7.4 11.5 10.3
Station 08 8/19/91 Cominco 200 280 < 5 7.1 10.7 12.8

Station 08 8/24/91 Cominco 270 369 < 5 7.4 5.8 13.1 0.4 310
Station 08 8/27/91 Cominco 174 221 < 5 7.2 5.1 13.2 0.7 215
Station 08 8/29/91 Cominco 179 232 < 5 7.0 4.3 12.0 1.3 215
Station 08 10/2/91 Cominco 174 261 < 5 7.1 2 13 0.4 440
Station 08 10/5/91 Cominco 181 251 < 5 7.3 -0.2 15** 0.7 376

Station 08 5/27/92 Cominco 277 429 < 5 5.7 2.6 4 0.9 0.844

Station 08 6/10/92 Cominco 53.1 64 26 7.4 0.2 7.9 2.9 0.110

Station 08 6/16/92 Cominco 54.3 73 56 6.2 2.4 10.6 20 0.118

Station 08 6/24/92 Cominco 77 95 < 5 7.5 7.6 16.2** 2.7 0.163

Station 08 7/2/92 Cominco 107 134 < 5 7.2 9.6 8.9 1.30 0.202

Station 08 7/2/92 Cominco 107 134 < 5 7.2 9.6 8.9 1.30
.---_ .._------_.. ...

Station 08 7/8/92 Cominco 126 165 < 5 7.4 12.3 10.2 0.45 0.268

Station 08 7/8/92 Cominco 126 165 < 5 7.4 12.3 10.2 0.45
Station 08 7/15/92 Cominco 168 209 < 5 7.4 8.7 8.3 0.34 0.351

Station 08 7/15/92 Cominco 168 209 < 5 7.4 8.7 8.3 0.34

Station 08 7/18/92 Cominco 154 201 < 5 7.9 11.2 7.6 0.47 0.331
Station 08 7/18/92 Cominco 154 201 < 5 7.9 11.2 7.6 0.47
Station 08 7/22/92 Cominco 224 311 < 5 7.8 9.3 8.6 0.35 0.440
Station 08 7/22/92 Cominco 224 311 < 5 7.8 9.3 8.6 0.35
Station 08 7/25/92 Cominco 241 337 < 5 7.2 11.2 12.1 --- 0.485
Station 08 7/25/92 Cominco 241 337 < 5 7.2 11.2 12.1 ---

Station 08 7/29/92 Cominco 392 548 < 5 7.4 13.6 9.2 0.60
Station 08 7/29/92 Cominco 392 548 < 5 7.4 13.6 9.2 0.60 0.783
Station 08 9/2/92 Cominco 162 201 < 5 7.0 5.2 13.2 0.53 0.330
Station 08 9/5/92 Cominco 237 312 < 5 8.2 4.7 7.3 0.35 0.446
Station 08 9/9/92 Cominco 333 431 < 5 7.6 1.4 6.5 0.27 0.555
Station 08 9/12/92 Cominco 273 376 < 5 8.2 0.6 0.3 0.584
Station 08 I 9/16/92 Cominco 344 461 < 5 8.2 0.3 0.5 0.667
Station 08 I 9/22/92 Cominco 389 540 < 5 8.1 0 12.8 0.25 0.630
Station 08 ! 9/26/92 Cominco 356 500 < 5 7.5 0 14.8** 0.46 0.330
Station 08 9/30/92 Cominco 476 699 < 5 7.6 0 10.8 0.3 0.980
Station 08 10/3/92 Cominco 798 1040 < 5 7.5 -0.5 12.0 0.24 1.350
Station 08 10/10/92 Cominco 472 623 < 5 7.7 0 11.5 0.38 0.890
Station 08 10/15/92 Cominco 262 328 < 5 7.4 0.1 10.4 0.33 0.510c--------.

Station 73 6/3/93 Cominco 55.9 68 18 7.4 3 20 9.2 50
Station 73 6/10/93 Cominco 78.3 101 < 5 7.7 7 16 16 127
Station 73 I 6/20/93 Cominco 92.5 98 < 5 7.8 11 8.4 0.9 178
Station 73 6/24/93 Cominco 126 161 < 5 7.1 11 9.6 0.8 250
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Appendix 12, continued.

Ikalukrok Creek: Station 8 and Station 73
Water Quality

Station Date Reference Hard TDS S04 TSS pH Temp. D.O. Turb Cond Flow, cfs
-

mg/L mg/L mg/L mg/L °C mg/L NTU

Station 73 6/29/93 Cominco 135 144 < 5 6.7 10 9.5 0.5 267

Station 73 7/9/93 Cominco 101 125 8 7.5 6 13.4 2 223

Station 73 7/18/93 Cominco 127 176 < 5 7.7 15 11.8 0.4 270

Station 73 7/24/93 Cominco 159 182 < 5 8.2 13.5 10.2 0.2 295

Station 73 8/1/93 Cominco 187 < 5 7.8 6.7 11.2 0.56 420

Station 73 8/12/93 Cominco 181 < 5 7.4 5 0.24 285

Station 73 8/21/93 Cominco 171 < 5 8.1 11 0.64 262

Station 73 8/28/93 Cominco 229 < 5 8 7

Station 73 9/4/93 Cominco 191 205 < 5 7.9 4

Station 73 9/8/93 Cominco 168 200 < 5 8 4

Station 73 9/12/93 Cominco 172 213 < 5 7.7 5.5 11.1 0.38 366 131.5

Station 73 9/20/93 Cominco 188 < 5 7.4 4.5 12.5 0.3 327 248.3

Station 73 10/10/93 Cominco 183 204 < 5 7.8 2 8.1 1.1 361

Station 73 5/18/94 Cominco 43.2 57 19 16 7.4 2 12.3 5.4 1083

Station 73 5/22/94 Cominco 54.3 72 21 22 7.4 1 12.8 8.7 1145

Station 73 6/2/94 Cominco 98.6 136 50 < 5 7.7 4 12.4 1.1 286 218

Station 73 6/9/94 Cominco 83.2 96 34 < 5 7.2 7.3 11.5 1.5 177 571

Station 73 6/22/94 Cominco 148 181 68 < 5 8.2 6.5 9.1 0.5 143 106

Station 73 i 6/26/94 Cominco 131 153 53 < 5 7.9 8.4 9.5 0.7 247 135

Station 73 i 6/28/94 Cominco 135 168 59 < 5 8.1 2.9 7.5 0.9 280 120

Station 73 i 7/3/94 Cominco 117 133 40 < 5 8 3.9 9.5 1.1 220 179

Station 73 i 7/13/94 Cominco 111 143 40 < 5 7.2 4 10.4 3 197 575

Station 73 7/19/94 Cominco 116 142 34 < 5 7.9 7.9 9.4 0.8 222 348

Station 73 7/27/94 Cominco 223 144 42 < 5 7.9 7.7 9.9 1.3 241 361
Station 73 I 8/5/94 Cominco 134 166 58 < 5 7.8 7.4 9.9 9.9 210I
Station 73 8/11/94 Cominco 98.1 109 27 41 7.7 4.3 12.2 15 197
Station 73 8/15/94 Cominco 103 123 41 17 7.6 2.5 12.2 0.6 209

Station 73 8/23/94 Cominco 121 166 57 6 7.4 4 12.4 4.3 253
Station 73 9/1/94 Cominco 175 252 110 8 7.7 4 11.8 2.4 250

Station 73 9/9/94 Cominco 216 307 140 < 5 7.7 4 11.1 2.3 431
Station 73 9/13/94 Cominco 274 377 200 < 5 7.6 3.9 8.6 2.6 518

Station 73 9/22/94 Cominco 304 386 190 < 5 7.7 1 11.6 1.5 548

Station 73 9/25/94 Cominco 430 557 180 < 5 7.7 1 12.6 1 642
--
Station 73 10/2/94 Cominco 498 658 400 < 5 7.7 1 13.2 1 690
Station 73 10/17/94 Cominco 391 627 290 < 5 7.6 0 12.8 0.8 790
....~-

Station 08 5/20/95 Cominco 121 159 93 7.2 2

Station 08 5/25/95 Cominco 82.5 122 60 7.1 3
Station 08 5/30/95 Cominco 100 130 64 7.3
Station 73 6/3/95 Cominco 120 157 79 7 7.6 4 2.2 261
Station 73 6/4/95 Cominco 183 260 130 5 7.2 1 12.7 2.7 372
----
Station 73 6/11/95 Cominco 164 96 < 5 3 13 1.85 267
Station 73

,
6/13/95 Cominco 254 < 5

Station 73 6/18/95 Cominco 190 < 5 7.7 4 14.5 2.48 289
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Appendix 12, continued.

Ikalukrok Creek: Station 8 and Station 73
Water Quality

Station Date Reference Hard TDS S04 TSS pH Temp. D.O. Turb Cond Flow, cfs
mg/L mg/L mg/L mg/L °C mg/L NTU

Station 73 6/25/95 Cominco 196 264 7.9 5.5 14.5 1.18 420

Station 73 6/27/95 Cominco 7.8 6.1 12.9 1.21 442
Station 73 6/29/95 Cominco

Station 8 7/2/95 Cominco 99.2 118 42 < 5 7.8 7

Station 8 7/10/95 Cominco 292 414 250 7.7 7

Station 8 7/16/95 Cominco 129 681 400 7.7 10

Station 8 8/6/95 Cominco 666 906 590 7.7 9.6
Station 8 8/16/95 Cominco 184 209 100 7.9 8.7

Station 8 8/22/95 Cominco 609 877 560 7.9 10.6
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Appendix 12, continued.

Ikalukrok Creek: Station 8 and Station 73

Station Date Reference matrix AI Cd Cu Fe Pb Zn
mg/L mg/L mg/L mg/L mg/L mg/L

Station 08 8/3/91 Cominco TR < 0.05 0.011 < 0.01 < 0.020 0.009 1.900
Station 08 8/8/91 Cominco TR < 0.05 0.022 < 0.01 0.04 0.015 3.610
Station 08 8/9/91 Cominco TR < 0.05 0.018 < 0.01 0.02 0.011 2.700
Station 08 8/13/91 Cominco TR < 0.05 0.040 < 0.01 0.04 0.006 1.420
Station 08 8/16/91 Cominco TR < 0.05 0.007 < 0.01 0.08 < 0.002 1.070
Station 08 8/19/91 Cominco TR < 0.05 0.012 < 0.01 0.06 0.001 1.540
Station 08 8/24/91 Cominco TR < 0.05 0.014 ,< 0.01 0.04 0.009 1.920

Station 08 8/27/91 Cominco TR < 0.05 0.010 < 0.01 0.09 0.008 1.610
Station 08 8/29/91 Cominco TR < 0.05 0.009 < 0.01 0.06 0.005 1.630

Station 08 10/2/91 Cominco TR < 0.05 0.012 < 0.01 0.06 0.007 1.570

Station 08 10/5/91 Cominco TR < 0.05 0.018 < 0.01 0.09 0.023 2.850

Station 08 5/27/92 Cominco TR < 0.05 0.018 < 0.01 0.06 0.088 2.660
Station 08 6/10/92 Cominco TR 0.45 < 0.003 < 0.01 1.04 0.005 1.100

Station 08 6/16/92 Cominco TR 0.73 0.006 < 0.01 2.38 0.094 0.721
Station 08 6/24/92 Cominco TR < 0.05 < 0.003 < 0.01 0.164 0.006 0.305
Station 08 7/2/92 Cominco TR < 0.05 0.005 < 0.01 0.079 0.003 0.484
Station 08 7/2/92 Cominco TR < 0.05 0.005 < 0.01 0.079 0.003 0.484

Station 08 7/8/92 Cominco TR < 0.05 0.004 < 0.01 0.023 < 0.002 0.370

Station 08 7/8/92 Cominco TR < 0.05 0.004 < 0.01 0.023 < 0.002 0.370

Station 08 7/15/92 Cominco TR < 0.05 < 0.003 < 0.01 0.049 < 0.002 0.362

Station 08 7/15/92 Cominco TR < 0.05 < 0.003 < 0.01 0.049 < 0.002 0.362

Station 08 7/18/92 Cominco TR < 0.05 < 0.003 < 0.01 0.047 < 0.002 0.344

Station 08 7/18/92 Cominco TR < 0.05 < 0.003 < 0.01 0.047 < 0.002 0.344

Station 08 7/22/92 Cominco TR 0.07 0.008 < 0.01 0.118 < 0.002 0.903
Station 08 7/22/92 Cominco TR 0.07 0.008 < 0.01 0.118 0.002 0.903

Station 08 7/25/92 Cominco TR 0.06 0.009 < 0.01 0.046 < 0.002 0.826
Station 08 7/25/92 Cominco TR 0.06 0.009 < 0.01 0.046 < 0.002 0.826

Station 08 7/29/92 Cominco TR < 0.05 0.022 < 0.01 0.064 < 0.002 1.950

Station 08 7/29/92 Cominco TR < 0.05 0.022 < 0.01 0.064 < 0.002 1.950

Station 08 9/2/92 Cominco TR < 0.05 0.006 < 0.01 0.06 0.012 0.771

Station 08 9/5/92 Cominco TR < 0.05 0.007 < 0.01 0.06 0.007 0.914
--~-

Station 08 9/9/92 Cominco TR < 0.05 0.01 0.011 0.05 0.006 1.310

Station 08 9/12/92 Cominco TR < 0.05 0.007 < 0.01 0.07 < 0.002 1.010

Station 08 9/16/92 Cominco TR < 0.05 0.011 < 0.01 0.10 0.003 1.240

Station 08 9/22/92 Cominco TR < 0.05 0.01 < 0.01 0.10 < 0.002 1.390

Station 08 9/26/92 Cominco TR < 0.05 0.011 < 0.01 0.06 < 0.002 1.440

Station 08 9/30/92 Cominco TR < 0.05 0.019 < 0.01 0.06 < 0.002 2.230

Station 08 10/3/92 Cominco TR < 0.05 0.024 < 0.01 0.069 0.002 3.120

Station 08 10/10/92 Cominco TR < 0.05 0.014 < 0.01 0.05 < 0.002 1.900

Station 08 10/15/92 Cominco TR < 0.05 0.005 < 0.01 0.046 0.003 0.790

Station 73 6/3/93 Cominco TR 0.28 < 0.003 0.009 0.164
Station 73 6/10/93 Cominco TR 0.06 < 0.003 0.004 0.16

Station 73 6/20/93 Cominco TR < 0.05 < 0.003 0.003 0.143

Station 73 6/24/93 Cominco TR 0.05 < 0.003 < 0.002 0.389
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Appendix 12, continued.

Ikalukrok Creek: Station 8 and Station 73
..-

Station Date Reference matrix AI Cd Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

_.

Station 73 6/29/93 Cominco TR < 0.05 < 0.003 < 0.002 0.233

Station 73 7/9/93 Cominco TR 0.1 < 0.003 0.179 0.004 0.151

Station 73 7/18/93 Cominco TR < 0.05 < 0.003 0.052 0.002 0.15

Station 73 7/24/93 Cominco TR < 0.05 < 0.003 < 0.02 < 0.002 0.156

Station 73 8/1/93 Cominco TR < 0.05 < 0.003 0.003 0.154

Station 73 8/12/93 Cominco TR < 0.05 < 0.003 < 0.002 0.216

Station 73 8/21/93 Cominco TR < 0.05 < 0.003 0.004 0.169

Station 73 8/28/93 Cominco TR < 0.05 < 0.003 < 0.002 0.239

Station 73 9/4/93 Cominco TR < 0.05 < 0.003 0.054 < 0.002 0.23

Station 73 9/8/93 Cominco TR < 0.05 < 0.003 0.06 < 0.002 0.203

Station 73 9/12/93 Cominco TR < 0.05 < 0.003 0.056 0.003 0.279

Station 73 9/20/93 Cominco TR < 0.05 < 0.003 0.081 0.003 0.208
f-.
Station 73 10/10/93 Cominco TR < 0.05 < 0.003 0.096 < 0.002 0.282

Station 73 5/18/94 Cominco TR 0.427 0.004 0.954 0.05 0.416

Station 73 5/22/94 Cominco TR 0.423 < 0.003 0.978 0.022 0.275

Station 73 6/2/94 Cominco TR 0.056 0.004 0.138 0.003 0.212
f-.
Station 73 6/9/94 Cominco TR 0.059 < 0.003 0.148 0.004 0.153

Station 73 6/22/94 Cominco TR < 0.05 < 0.003 0.049 < 0.002 0.206

Station 73 6/26/94 Cominco TR < 0.05 < 0.003 0.035 < 0.002 0.168

Station 73 6/28/94 Cominco TR < 0.05 < 0.003 0.073 0.05 0.183

Station 73 7/3/94 Cominco TR < 0.05 < 0.003 0.099 0.022 0.134

Station 73 7/13/94 Cominco TR 0.094 0.004 0.263 0.01 0.467

Station 73 7/19/94 Cominco TR < 0.05 < 0.003 0.085 < 0.002 0.135

Station 73 7/27/94 Cominco TR < 0.05 0.005 0.225 0.006 0.338

Station 73 8/5/94 Cominco TR 0.058 < 0.003 0.107 0.005 0.232

Station 73 8/11/94 Cominco TR 1.02 < 0.003 1.5 0.033 0.282

Station 73 8/15/94 Cominco TR 0.563 < 0.003 0.872 0.017 0.31

Station 73 8/23/94 Cominco TR 0.334 0.01 0.86 0.016 1.19

Station 73 9/1/94 Cominco TR 0.343 0.006 0.812 0.016 0.672

Station 73 9/9/94 Cominco TR 0.354 0.007 < 0.01 0.617 0.008 0.841

Station 73 9/13/94 Cominco TR 0.295 0.007 0.643 0.006 0.788

Station 73 9/22/94 Cominco TR 0.3 0.004 0.359 < 0.002 0.432

Station 73 9/25/94 Cominco TR 0.153 0.007 0.303 < 0.002 0.791

Station 73 10/2/94 Cominco TR 0.134 0.007 0.387 0.003 0.865

Station 73 10/17/94 Cominco TR < 0.05 0.006 0.098 < 0.002 0.577

Station 08 5/20/95 Cominco TR 0.967 0.01 < 0.01 0.095 1.71

Station 08 5/25/95 Cominco TR 1.06 0.009 < 0.01 0.106 1.29

Station 08 5/30/95 Cominco TR 0.299 0.008 < 0.01 0.03 1.11

Station 73 6/3/95 Cominco TR 0.208 0.00332 0.00442 0.661 0.0081 0.434

Station 73 6/4/95 Cominco TR 0.19 0.00483 0.0045 0.67 0.00565 0.619

Station 73 6/11/95 Cominco TR 0.145 0.00303 0.00322 0.00267 0.39

Station 73 6/13/95 Cominco TR 0.00398 0.0029 0.00487 0.537

Station 73 6/18/95 Cominco TR 0.00379 0.0034 0.00555 0.46
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Appendix 12, continued.

Ikalukrok Creek: Station 8 and Station 73

Station Date Reference matrix AI Cd Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

Station 73 6/25/95 Cominco TR 0.112 0.00433 0.0029 0.286 0.00367 0.593

Station 73 6/27/95 Cominco TR 0.0055 0.004 0.00377 0.648

Station 73 6/29/95 Cominco TR 0.00377 0.003 0.00354 0.509

Station 8 7/2/95 Cominco TR 0.152 0.00078 0.0024 0.00135 0.138

Station 8 7/10/95 Cominco TR 0.105 0.0125 0.0035 0.0115 1.73

Station 8 7/16/95 Cominco TR < 0.05 0.0152 0.0031 0.00881 1.56

Station 8 8/6/95 Cominco TR < 0.057 0.0185 0.0021 0.00718 1.95

Station 8 8/16/95 Cominco TR 0.145 0.00069 0.003 0.00058 0.14

Station 8 8/22/95 Cominco TR 0.067 0.0198 0.0016 0.00831 2.01

_._--

- ------

-----
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Appendix 12, continued.

Station 10, Mainstem Red Dog Creek I
Water Quality •

Date Reference Hard TOS S04 pH Temp. D.O. Turb Cond Flow, cfs

mg/L mg/L mg/L I i °C mg/L NTUI

8/3/91 Cominco 179 237 6.7 12.7 10.9 0.5 665

8/8/91 Cominco 347 546 6.9 7.0 10.7 17 420

8/9/91 Cominco 398 621 7.1 6.1 11.8 0.7 575

8/13/91 Cominco 344 552 7.1 11.7 9.9 1.3

8/16/91 Cominco 269 352 6.8 14.1 9.5

8/19/91 Cominco 190 610 7.0 13.4 12.2

8/24/91 Cominco 563 831 7.1 6.0 11.5 0.5 600

8/26/91 Cominco 7.0 4.2 13.0 1.0 285

8/27/91 Cominco 242 346

8/29/91 Cominco 233 329 6.8 3.0 12.8 3.5 270

10/2/91 Cominco 221 207 7.0 2 14 0.2 542

10/5/91 Cominco 181 235 7.3 -0.2 14 0.6 389

10/8/91 Cominco 245 331 7.5 0.5

5/27/92 Cominco 227 331 6.2 1.9 4.9 1.5 0.547

6/10/92 Cominco 64.7 91 7.4 0 9.8 3.4 0.136

6/16/92 Cominco 52.7 67 6.1 2 10.2 20 0.114

6/24/92 Cominco 97.4 123 7.6 7.9 13.4 3.7 0.202

7/2/92 Cominco 130 173 7.2 10.5 9.0 2.50 0.244

7/8/92 Cominco 162 205 7.3 12.4 9.9 0.84

7/15/92 Cominco 293 431 7.4 9.7 6.8 0.27 0.635

7/18/92 Cominco 219 302 8.0 12.3 7.1 0.36 0.470

7/22/92 Cominco 394 564 7.8 10.3 8.0 0.17

7/25/92 Cominco 472 675 7.9 11.9 10.9 ---

7/29/92 Cominco 619 937 7.1 13.9 8.7 0.21 1.150

8/1/92 Cominco 709 1060 7.5 13.2 11.0 0.2 1.220

8/5/92 Cominco 828 1230 7.4 12.4 8.7 0.2 1.420

8/8/92 Cominco 742 994 7.7 10.1 9.2 0.5 1.200

8/12/92 Cominco 240 346 7.9 5.4 7.3 0.5 0.483

8/15/92 Cominco 329 438 7.0 4.4 7.8 0.3 0.512

8/17/92 Cominco 342 195 7.4 6.7 9.8 0.4 0.651

8/22/92 Cominco 199 232 8.0 6.5 9.7 1.9 0.369

8/29/92 Cominco 344 505 7.6 8.2 7.7 0.3 0.680

9/2/92 Cominco 192 237 7.0 5.3 12.5 0.65 0.304

9/5/92 Cominco 331 447 8.1 5 11.3 0.45 0.624

9/9/92 Cominco 446 618 7.5 1.3 8.4 0.39 0.767

9/12/92 Cominco 489 689 8.1 1.1 0.3 0.914

9/16/92 Cominco 749 1100 8.0 0.1 0.44 1.330

9/22/92 Cominco 761 1140 7.8 0 12 0.22 1.400

9/26/92 Cominco 713 1070 7.2 0 12.3 0.46 1.001
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Appendix 12, continued.

Station 10, Mainstem Red Dog Creek
Water Quality

Date Reference Hard TDS S04 pH Temp. D.O. Turb Cond Flow, cfs

mg/L mg/L mg/L °C mg/L NTU

9/30/92 Cominco 893 1311 7.3 0 10.4 0.25 1.460

10/3/92 Cominco 1540 1850 7.2 -0.5 10.3 0.37 2.090

10/10/92 Cominco 900 1290 7.4 0 11 0.76 1.470

10/15/92 Cominco 421 533 7.4 0.1 11.6 0.22 0.736

5/28/93 Cominco 50 7.2 1 11.2 3.4 77 400

6/5/93 Cominco 74 7.6 6

6/13/93 Cominco 103 7.2 7

6/19/93 Cominco 120 8.2 12

6/24/93 Cominco 242 6.8 10

6/29/93 Cominco 369 7.2 12

7/10/93 Cominco 177 7 10
..

7/14/93 Cominco 202 7.9 13

7/21/93 Cominco 227 7.9 17

8/6/93 Cominco 176 7.3 5

8/14/93 Cominco 269 6.9 7

8/20/93 Cominco 256 7.9 7

8/29/93 Cominco 330 7.9 7

9/2/93 Cominco 365 7.8 3 32.7

9/10/93 Cominco 233 7.7 3 80.2

9/14/93 Cominco 157 7.5 5.5 285

9/25/93 Cominco 244 78 1 40.6

6/11/94 Cominco 101 131 58 7.8 5

6/15/94 Cominco 136 166 84 7.8 7.8

6/25/94 Cominco 150 190 85 7.9 10.1

6/30/94 Cominco 191 253 120 7.9 3.8 135.1

7/13/94 Cominco 132 168 59 7.5 5 95.8

7/22/94 Cominco 157 195 72 7.8 7.5 42.8

7/24/94 Cominco 99.3 127 43 7.7 7.5 240

8/3/94 Cominco 163 203 93 7.7 6.3

8/9/94 Cominco 233 320 140 7.7 8.6

8/21/94 Cominco 119 168 63 7.3 4

8/23/94 Cominco 131 182 64 7.3 4

9/1/94 Cominco 307 447 240 7.6 4 143

9/8/94 Cominco 416 583 320 7.7 4 120

9/11/94 Cominco 454 659 400 7.6 4 97

9/18/94 Cominco 773 1100 680 7.8 3 55

9/25/94 Cominco 1100 1510 1600 7.6 1 36

10/2/94 Cominco 1060 1520 800 7.7 1
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Appendix 12, continued.

Station 10, Mainstem Red Dog Creek
Water Quality

Date Reference Hard TD8 804 pH Temp. D.O. Turb Cond Flow, cfs

mg/L mg/L mg/L °C mg/L NTU

10/14/94 Cominco 1040 1610 1000 7.2 0

6/3/95 Cominco 247 171 210 7.2 3.0 2 507

6/8/95 Cominco 336 459 7.1 3.0 3 97

6/11/95 Cominco 525 350 7.5 8.0 1 638

6/13/95 Cominco 688 1

6/18/95 Cominco 588 7.6 6.4 1 666

6/25/95 Cominco 745 7.6 8 0 958

6/27/95 Cominco 824 7.6 8 1029

6/29/95 Cominco 580 885 550

6/29/95 Cominco 824

7/2/95 Cominco 443 664 410 7.7 10 812

7/10/95 Cominco 406 610 400

7/12/95 Cominco 830 650

7/16/95 Cominco 675 1060 7.8 10 1206

7/23/95 Cominco 1240 7.6 10.9 1499

8/2/95 Cominco 1610 7.5 13 1775

8/6/95 Cominco 965 1470 1000 7.6 10.5 1719

8/16/95 Cominco 1070 1510 940 7.7 12.8 1790

8/20/95 Cominco 975 1380 970 7.7 9.5 1769

8/27/95 Cominco 1400 7.8 10.5 656
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Appendix 12, continued.

Station 10, Mainstem Red Dog Creek
Metals Concentrations

Date Reference matrix AI Cd Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

8/3/91 Cominco TR < 0.05 0.034 < 0.01 < 0.020 0.027 5.740

8/8/91 Cominco TR < 0.05 0.039 < 0.01 < 0.020 0.026 6.080

8/9/91 Cominco TR < 0.05 0.040 < 0.01 < 0.020 0.026 6.360

8/13/91 Cominco TR < 0.05 0.040 < 0.01 < 0.020 0.026 5.800

8/16/91 Cominco TR < 0.05 0.035 < 0.01 < 0.020 0.014 5.090

8/19/91 Cominco TR < 0.05 0.047 < 0.01 < 0.020 0.028 6.540

8/24/91 Cominco TR < 0.05 0.042 < 0.01 < 0.020 0.028 6.210

8/26/91 Cominco TR

8/27/91 Cominco TR < 0.05 0.035 < 0.01 0.02 0.026 5.890

8/29/91 Cominco TR < 0.05 0.036 < 0.01 < 0.020 0.022 6.050

10/2/91 Cominco TR < 0.05 0.028 < 0.01 0.03 0.015 3.890

10/5/91 Cominco TR < 0.05 0.010 < 0.01 0.06 0.013 1.580_..

10/8/91 Cominco TR < 0.05 0.024 < 0.01 0.03 0.010 3.460

5/27/92 Cominco TR < 0.05 0.017 < 0.01 0.074 0.386 2.380

6/10/92 Cominco TR 0.15 < 0.003 < 0.01 0.581 0.028 0.699

6/16/92 Cominco TR 0.89 0.008 < 0.01 2.98 0.108 0.822

6/24/92 Cominco TR 0.07 0.006 < 0.01 0.271 0.015 0.884

7/2/92 Cominco TR 0.09 0.009 < 0.01 0.199 0.007 1.210

7/8/92 Cominco TR < 0.05 0.010 < 0.01 < 0.020 0.002 1.060

7/15/92 Cominco TR < 0.05 0.020 < 0.01 < 0.020 < 0.002 2.450

7/18/92 I Cominco TR < 0.05 0.013 < 0.01 < 0.020 < 0.002 1.350

7/22/92 Cominco TR < 0.05 0.028 < 0.01 0.032 < 0.002 3.110

7/25/92 Cominco TR < 0.05 0.032 <0.01 0.023 < 0.002 3.130

7/29/92 Cominco TR < 0.05 0.045 < '0.01 0.031 < 0.002 4.290

8/1/92 Cominco TR < 0.05 0.047 < 0.01 0.048 0.004 4.770

8/5/92 Cominco TR < 0.05 0.060 < 0.01 0.047 0.004 5.920

8/8/92 Cominco TR < 0.05 0.050 <'0.01 0.040 0.004 5.130

8/12/92 Cominco TR < 0.05 0.019 < '0.01 0.064 0.009 2.270

8/15/92 Cominco TR < 0.05 0.020 < !0.01 0.056 0.007 2.580

8/17/92 Cominco TR < 0.05 0.014 <0.01 0.037 0.022 1.760

8/22/92 Cominco TR 0.10 0.010 < 0.01 0.289 0.084 1.420

8/29/92 Cominco TR < 0.05 , 0.016 < 0.01 0.032 0.017 2.000

9/2/92 Cominco TR < 0.05 I 0.012 < 0.01 0.05 0.026 1.710

9/5/92 ; Cominco TR < 0.05 0.016 < 0.01 0.03 0.016 1.890

9/9/92 I Cominco TR < 0.05 0.015 < 0.01 0.04 0.012 2.070

9/12/92 Cominco TR < 0.05 0.023 < 0.01 0.04 0.008 2.580

9/16/92 Cominco TR < 0.05 0.034 < 0.01 0.06 0.010 4.060

9/22/92 Cominco TR < 0.05 0.037 < 0.01 0.05 < 0.002 4.380

9/26/92 Cominco TR < 0.05 0.037 < 0.01 0.04 4.650
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Appendix 12, continued.

Station 10, Mainstem Red Dog Creek ,

Metals Concentrations
!

Date Reference matrix AI Cd I Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

--

9/30/92 Cominco TR < 0.05 0.049 < 0.01 0.04 0.004 5.830

10/3/92 Cominco TR < 0.05 0.047 < 0.01 0.055 0.005 5.840

10/10/92 Cominco TR < 0.05 0.043 < 0.01 0.054 < 0.002 5.050

10/15/92 Cominco TR < 0.05 0.023 < 0.01 0.039 0.005 2.660
,

5/28/93 Cominco TR 0.31 0.004 0.034

6/5/93 Cominco TR 0.24 < 0.003 0.027 0.463

6/13/93 Cominco TR 0.14 I 0.005 0.017 0.61

6/19/93 Cominco TR < 0.05 , 0.003 0.016 0.618

6/24/93 Cominco TR 0.05 ! 0.008 0.009 1.06

6/29/93 Cominco TR < 0.05 i 0.013 0.008 1.31

7/10/93 Cominco TR 0.06 i 0.006 0.021 0.939

7/14/93 Cominco TR < 0.05 0.009 0.016 0.896

7/21/93 Cominco TR < 0.05 I 0.007 0.004 0.719

8/6/93 Cominco TR 0.09 0.010 0.027 1.1

8/14/93 Cominco TR < 0.05 0.007 0.004 1.02

8/20/93 Cominco TR < 0.05 0.008 0.010 1.02

8/29/93 Cominco TR < 0.05 0.008 0.007 1.02

9/2/93 Cominco TR < 0.05 0.010 0.006 1.09

9/10/93 Cominco TR 0.061 0.009 0.012 1.05

9/14/93 Cominco TR 0.69 0.008 0.136 0.919

9/25/93 Cominco TR < 0.05 0.007 0.010 0.791

6/11/94 Cominco TR 0.108 0.006 0.028 0.533

6/15/94 Cominco TR 0.066 0.006 0.014 0.669
--

6/25/94 Cominco TR < 0.05 0.007 0.009 0.779

6/30/94 Cominco TR 0.011 0.01 0.958

7/13/94 Cominco TR 0.175 0.009 0.026 1.11

7/22/94 Cominco TR < 0.05 0.008 0.01 0.746

7/24/94 Cominco TR 0.21 0.012 0.07 1.14

8/3/94 Cominco TR 0.232 0.008 0.045 1.11

8/9/94 Cominco TR 0.064 0.009 0.02 1.05

8/21/94 Cominco TR 0.403 0.026 0.045 2.99

8/23/94 Cominco TR 0.263 0.016 I 0.03 2.04

9/1/94 Cominco TR 0.259 0.019 0.058 2.16

9/8/94 Cominco TR 0.298 0.025 0.045 3.38

9/11/94 Cominco TR 0.19 0.026 0.026 3.17

9/18/94 Cominco TR 0.067 0.026 0.012 2.78

9/25/94 Cominco TR 0.05 0.031 0.005 3.05

10/2/94 Cominco TR < 0_05 0.023 0.008 2.42
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Appendix 12, continued.

Station 10, Mainstem Red Dog Creek
Metals Concentrations

Date Reference matrix AI i Cd Cu Fe Pb ZnI
-

!
I

mg/L I mg/L mg/L mg/L mg/L mg/L

i
10/14/94 Cominco TR < 0.05 i 0.029 0.004 2.55

i
r

6/3/95 Cominco 0.073 0.12 0.0047 0.184 0.0337 1.39

6/8/95 Cominco 0.105 0.0124 , 0.0042 0.237 0.0393 1.54

6/11/95 Cominca 0.0139 0.0034 0.0226 1.43

6/13/95 Cominca 0.0141 ! 0.0027 0.0181 1.62

6/18/95 Cominco 0.019 i 0.0036 0.027 1.83

6/25/95 Cominco 0.0196 0.0034 0.0202 2.34

6/27/95 Cominca

6/29/95 Cominco 0.05 0.0176 0.0033 0.1 0.0254 2.27

6/29/95 Cominco 0.237 I 0.0037 0.0189 2.58

7/2/95 Cominca 0.072 0.0176 ! 0.0036 0.0249 2.05

7/10/95 Cominco 0.092 0.0195 0.0043 0.136 0.0187 2.669

7/12/95 Cominco 0.0202 0.0043 0.0134 2.72

7/16/95 Cominco < 0.05 0.0249 0.0031 0.066 0.0165 2.55

7/23/95 Cominco 0.0254 0.002 0.0139 3.14

8/2/95 Cominco 0.0315 0.0026 0.016 3.08

8/6/95 Cominco < 0.05 0.0308 0.0023 0.059 0.0143 3

8/16/95 Cominco < 0.05 0.0349 0.0016 0.06 0.0162 3.67

8/20/95 Cominco < 0.05 0.0328 0.0016 0.057 0.0131 3.31

8/27/95 Cominco 0.0353 0.0014 0.0204 3.56
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Appendix 12, continued.

Station 20: Middle Fork of Red Dog Creek

Date Reference Hard TD5 504 pH Temp. D.O. Turb Cond Flow, cfs
mg/L mg/L mg/L °C mg/L NTU

8/5/91 Cominco 688 1020 6.5 2.1 910
8/6/91 Cominco 210 346 6.8 13.6 10.5 1.3 447

8/15/91 Cominco 763 1310 6.0 16.0 9.1 6.1
8/18/91 Cominco 751 1240 6.4 16.1 8.8 0.8
8/23/91 Cominco 623 987 6.6 13.3 9.1 0.4 1570
8/26/91 Cominco 355 631 7.2 5.3 11.7 1.3 455
8/28/91 Cominco 298 560 7.6 5.7 12.1 1.3 440
8/29/91 Cominco 315 527 7.4 12.1 9.8 1.3 490
10/1/91 Cominco 547 986 6.0 3 12 0.5 1239
10/4/91 Cominco 354 564 7.0 3 14 3 779
10/7/91 Cominco 246 404 7.5 -0.2 16 1.3 577

10/10/91 Cominco 215 370 7.3 0 16 0.5 553
10/16/91 Cominco 333 568 7.0 0 14 0.5 785

5/27/92 Cominco 349 410 7.1 2.4 4.1 1.3 0.701
6/9/92 Cominco 28 50 6.4 0.3 7.1 2 0.076

6/16/92 Cominco 36.1 54 6.5 6.1 10.2 4.5 0.928
6/23/92 Cominco 44.8 72 6.1 7.3 15.9* 2.4 0.105
7/2/92 Cominco 95 143 6.7 13.0 8.6 0.90 0.178
7/9/92 Cominco 145 208 7.2 13.0 8.7 0.301

7/11/92 Cominco 145 230 7.0 11.7 8.8 0.334
7/15/92 Cominco 538 787 6.7 10.7 0.43 0.907
7/18/92 Cominco 411 642 6.9 12.6 6.2 0.85 0.833
7/22/92 Cominco 662 1010 7.0 15.5 8.3 0.12 1.200
7/25/92 Cominco 791 1250 6.9 15.3 8.5 0.19 1.430
7/29/92 Cominco 918 1400 6.7 19.4 7.6 0.24 1.600
7/31/92 Cominco 983 1470 6.6 15.6 9.3 0.30 1.570
8/3/92 Cominco 781 1170 6.4 12.8 11.0 0.2 1.300
8/6/92 Cominco 1230 1940 6.4 14.2 12.0 0.4 1.790

8/12/92 Cominco 372 566 7.1 8.2 6.6 0.6 0.184
8/15/92 Cominco 532 762 6.8 5.5 6.9 0.2 0.958
8/18/92 Cominco 562 828 i 6.2 4.8 24* * 0.2 0.954
8/22/92 Cominco 267 383 7.7 7.4 1.8 11.0 0.090
8/28/92 Cominco 287 447 6.5 8.6 9.0 0.5 0.607
8/30/92 Cominco 481 791 6.9 10.6 8.3 0.9 0.100
9/3/92 Cominco 174 250 7.5 4.2 7.3 0.45 0.375
9/4/92 Cominco 579 815 7.5 6.1 9 0.4 1.014
9/7/92 Cominco 672 958 7.7 5.1 9.9 0.17 1.157

9/1 0/92 Cominco 560 805 6.7 4.5 12.8 0.38 0.973
9/18/92 Cominco 1240 1860 8.0 5 11 0.45 1.260
9/24/92 Cominco 1290 1890 6.8 0 11.2 0.15 2.060
9/26/92 Cominco 1240 1980 7.2 0 12.7 0.45 2.230
9/29/92 Cominco 1410 2060 6.9 0 13.4 0.15 2.480
10/1/92 Cominco 1510 2230 6.8 0 13.3 0.18 2.560

10/1 0/92 Cominco 1560 2210 7 1.2 10 0.73 2.300
10/15/92 Cominco 1110 1740 6.3 0.3 12.2 0.28 2.040

5/18/93 Cominco 32.9 71 6.4 1.5 12.5 3.7
5/27/93 Cominco 58 6.9 2 12.1 3

6/4/93 Cominco 57 7.4
6/12/93 Cominco 74 7.7 3

.~.,-

6/17/93 ADEC-Nome 74 111 7.19 5.0
6/17/93 Cominco 100 6.6 5
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Appendix 12, continued.

Station 20: Middle Fork of Red Dog Creek

Date Reference Hard TDS S04 pH Temp. D.O. Turb Cond Flow, cfs
mg/L mg/L mg/L °C mg/L NTU

6/23/93 Cominco 407 7.2 12
6/30/93 Cominco 751

7/8/93 Cominco 290 6.6 9
7/15/93 Cominco 194 6.8 12
7/25/93 Cominco 235 7 13

8/3/93 Cominco 190 6.8 7
8111/93 Cominco 198 6.3 7
8/19/93 Cominco 362 7.3 9
8/27/93 Cominco 497 9

9/5/93 Cominco 961 7.2 6
9/10/93 Cominco 278 7.1 3
9/15/93 Cominco 160 6.7 3
9/25/93 Cominco 244 7.4 0
9/29/93 Cominco 7.2 0

111 /94 Cominco 218 355 210 7.2 2..

1/9/94 Cominco 160 230 140 7.4 5
1/17/94 Cominco 271 391 250 7.3 13
1/24/94 Cominco 245 361 220 7.4 13
1/30/94 Cominco 273 404 250 6.9 6

5/6/94 Cominco 1960 2930 1900 7.4 1 35.9

511 0/94 Cominco 406 637 410 6.4 1 37.2
5119/94 Cominco 67.2 110 63 6.8 1
5/25/94 Cominco 71.5 97 55 6.8 4

7/9/94 Cominco 94 144 68 7.2 5
7/13/94 Cominco 100 141 73 7.3 8
7/21/94 Cominco 132 183 96 7.3 9
7/29/94 Cominco 203 206 160

8/6/94 Cominco 324 508 300 7.3 13
8113/94 Cominco 89 128 69 7 8
8/20/94 Cominco 90.6 156 82 6.3 5
8/23/94 Cominco 123 198 100 6.3 4
8/25/94 Cominco

911 /94 Cominco 444 693 410 7.2 6
9/10/94 Cominco 714 1080 730 7.3 6
9/10/94 Cominco
9/15/94 Cominco 313 510 300 7.3 4
9/21/94 Cominco 1280 1780 1100 7.2 3
9/29/94 Cominco 1520 1970 13008 4
10/8/94 Cominco 1440 2210 1300 6.9 1

10/15/94 Cominco 1440 2150 1300 8 0
10/22/94 Cominco 1450 2280 1400 8.3 1
10/26/94 Cominco 1580 2440 1500 8.7 1

6/1/95 Cominco 356 525 360 7.1 7 660
6/7/95 Cominco 1270 6.8 10 94
6/9/95 Cominco 597 823 590 7.4 9.5 931

6112/95 Cominco 1210 800 7.6 8 1264
6/15/95 Cominco 135 7.7 7 233
6118/95 Cominco 1210 6.8 7.9 1382
6/24/95 Cominco 392 7 566
6/25/95 Cominco 1450
6/27/95 Cominco 1460 1200 7.4 8 167
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Appendix 12, continued.

Station 20: Middle Fork of Red Dog Creek
~~

Date Reference Hard TOS S04 pH Temp. D.O. Turb Cond Flow, cfs
mq/l mq/l mq/l °c mq/l NTU

7/1/95 Cominco 138 168 57 7.1 9 1. 78 1268
7/4/95 Cominco 1490 7.4 9 0.27 1691
7/7/95 Cominco 1250 7.3 10 1.06 1470

7/10/95 Cominco 736 1090 750 7.3 7 0.96 1323
7/14/95 Cominco 1640 7.4 14 0.23 1764
7/19/95 Cominco 1170 1720 1200 6.6 12 0.49 1880
7/22/95 Cominco 1880 7.3 15.2 0.18 2110
7/25/95 Cominco 2010 7.4 14.8 0.16 2110
7/28/95 Cominco 2100 13.2
7/30/95 Cominco 2090 7.2 0.16 1330

8/4/95 Cominco 2190 2380 27.1
8/8/95 Cominco 2090 1500 7.2 12 2340 26.7

8/11/95 Cominco 2060 7.7 13.8 1990 27.6
8/13/95 Cominco 2100 7.8 13.1 2310 26.7
8/17/95 Cominco 2090 1400 7 12.5 2390 27.4
8/23/95 Cominco 2060 1500 7.6 13 2360 28
8/25/95 Cominco 2140 7.3 13.4 2270 28.9
8/27/95 Cominco 2040 7.6 12.5 226 28.8
8/31/95 Cominco 2090 7 12.4 2340 27.6
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Appendix 12, continued.

Station 20: Middle Fork of Red Dog Creek
------

Date Reference matrix AI Cd Cu Fe Pb Zn
--

mq/l mq/l mq/l mg/l mg/l mq/l

8/5/91 Cominco TR 0.06 0.071 < 0.01 < 0.020 0.098 12.30
8/6/91 Cominco TR < 0.05 0.132 < 0.01 < 0.020 0.168 23.70

8/15/91 Cominco TR 0.48 0.177 < 0.01 5.07 0.295 29.20
8/18/91 Cominco TR 0.13 0.126 < 0.01 0.48 0.272 19.80
8/23/91 Cominco TR < 0.05 0.164 < 0.01 0.02 0.153 26.00
8/26/91 Cominco TR < 0.05 0.192 < 0.01 0.07 0.234 32.40
8/28/91 Cominco TR < 0.05 0.178 < 0.01 0.08 0.184 31.00
8/29/91 Cominco TR < 0.05 0.174 < 0.01 0.07 0.171 29.80
10/1/91 Cominco TR < 0.05 0.088 < 0.01 0.06 0.072 11.30
10/4/91 Cominco TR 0.19 0.059 < 0.01 0.80 0.154 8.28
10/7/91 Cominco TR 0.05 0.084 < 0.01 0.16 0.076 13.40

10/10/91 Cominco TR < 0.05 0.076 < 0.01 0.11 0.044 12.90
10/16/91 Cominco TR < 0.05 0.097 < 0.01 0.04 0.053 16.10

5/27/92 Cominco TR < 0.05 < 0.003 < 0.01 0.12 0.050 0.09
6/9/92 Cominco TR 0.23 0.015 < 0.01 0.87 0.092 2.23

6/16/92 Cominco TR 0.14 0.013 < 0.01 0.36 0.056 1.60
6/23/92 Cominco TR 0.13 0.014 < 0.01 0.553 0.086 1.94
7/2/92 Cominco TR < 0.05 0.028 < 0.01 0.078 0.025 4.45-- -_.-
7/9/92 Cominco TR < 0.05 0.040 < 0.01 < 0.020 0.019 5.97

7/11/92 Cominco TR < 0.05 0.043 < 0.01 < 0.020 0.015 6.39
7/15/92 Cominco TR < 0.05 0.068 < 0.01 0.026 0.029 9.46
7/18/92 Cominco TR < 0.05 0.076 < 0.01 0.070 0.021 10.60
7/22/92 Cominco TR 0.06 0.101 < 0.01 0.041 12.200 10.60
7/25/92 Cominco TR 0.05 0.098 < 0.01 0.040 0.032 11.10
7/29/92 Cominco TR 0.06 0.079 < 0.01 0.128 0.041 8.20
7/31/92 Cominco TR 0.08 0.081 < 0.01 0.099 0.050 9.06
8/3/92 Cominco TR < 0.05 0.111 < 0.01 0.080 0.020 12.10
8/6/92 Cominco TR < 0.05 0.089 < 0.01 0.080 0.052 9.93

8/12/92 Cominco TR 0.06 0.034 < 0.01 0.118 0.039 4.60
8/15/92 Cominco TR < 0.05 0.040 < 0.01 0.062 0.028 5.52
8/18/92 Cominco TR < 0.05 0.029 < 0.01 0.060 0.036 4.31
8/22/92 Cominco TR 0.10 0.024 0.012 I 0.292 0.222 3.28
8/28/92 Cominco TR < 0.05 0.047 < 0.01 0.036 0.094 6.37
8/30/92 Cominco TR 0.07 0.034 < 0.01 0.176 0.130 4.54
9/3/92 Cominco TR 0.06 0.04 < 0.01 0.08 0.105 5.64
9/4/92 Cominco TR < 0.05 0.035 < 0.01 0.11 0.106 4.55
9/7/92 Cominco TR < 0.05 0.038 < 0.01 0.05 0.059 4.88

9/1 0/92 Cominco TR < 0.05 0.047 < 0.01 0.06 0.052 6.57
9/18/92 Cominco TR < 0.05 0.033 < 0.01 0.11 0.041 4.61
9/24/92 Cominco TR
9/26/92 Cominco TR < 0.05 0.06 < 0.01 0.13 0.040 7.39
9/29/92 i Cominco TR < 0.05 0.071 < 0.01 0.06 0.033 8.44
10/1/92 Cominco TR < 0.05 0.074 < 0.01 0.061 0.028 8.47

10/10/92 Cominco TR < 0.05 0.059 < 0.01 0.078 0.037 6.73
10/15/92 Cominco TR < 0.05 I 0.147 < 0.01 0.05 0.030 18.70

5/18/93 Cominco TR 0.16 0.026 < 0.01 0.672 0.142 3.21
--

5/27/93 Cominco TR 0.28 0.014 0.152 1.64
6/4/93 Cominco TR 0.12 0.014 0.104 1.78

6/12/93 Cominco TR 0.13 0.013 0.112 1.64
6/17/93 ADEC-Nome TR 0.053 0.015 < 0.01 0.118 0.057 2.06
6/17/93 Cominco TR 0.06 0.017 0.066 2.21
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Appendix 12, continued.

Station 20: Middle Fork of Red Dog Creek

Date Reference matrix AI Cd Cu Fe Pb Zn
mQ/L mQ/L mQ/L mQ/L mQ/L mQ/L

6/23/93 Cominco TR 0.07 0.021 0.049 2.59
6/30/93 Cominco TR < 0.05 0.026 0.041 3.09

7/8/93 Cominco TR < 0.05 0.029 0.050 3.51
7/15/93 Cominco TR < 0.05 0.026 0.045 3.13
7/25/93 Cominco TR < 0.05 0.026 0.016 3.29_.

8/3/93 Cominco TR 0.21 0.024 0.177 3.11
8/11/93 Cominco TR < 0.05 0.026 0.034 3.60
8/19/93 Cominco TR < 0.05 0.028 0.049 3.53
8/27/93 Cominco TR < 0.05 0.027 0.036 3.61

9/5/93 Cominco TR < 0.05 0.032 0.029 3.83
9/1 0/93 Cominco TR 0.06 0.024 0.044 3.30
9/15/93 Cominco TR 0.38 0.029 0.348 3.50
9/25/93 Cominco TR < 0.05 0.028 0.064 3.50
9/29/93 Cominco TR

1/1 /94 Cominco TR < 0.05 0.025 0.01 3.14
1/9/94 Cominco TR 0.068 0.016 0.095 2.10

1/17/94 Cominco TR < 0.05 0.022 0.062 2.61
1/24/94 Cominco TR < 0.05 0.024 0.046 2.96
1/30/94 Cominco TR < 0.05 0.025 0.022 2.84

5/6/94 Cominco TR < 0.05 0.52 0.094 5.39
5/10/94 Cominco TR 0.086 0.072 0.322 9.27
5/19/94 Cominco TR 0.414 0.026 0.26 3.37
5/25/94 Cominco TR 0.208 0.022 0.137 2.68

7/9/94 Cominco TR 0.065 0.027 0.115 3.64
7/13/94 Cominco TR 0.087 0.029 0.1 3.57
7/21/94 Cominco TR < 0.05 < 0.025 0.038 3.09
7/29/94 Cominco TR 0.056 0.027 0.093 3.39

8/6/94 Cominco TR < 0.05 0.028 0.078 3.26
8/13/94 Cominco TR 0.489 0.031 0.341 3.78
8/20/94 Cominco TR 0.766 0.086 0.232 10.10
8/23/94 Cominco TR 0.539 0.062 0.12 8.77
8/25/94 Cominco TR 0.673 0.067 0.03 0.165 8.86

9/1/94 Cominco TR 0.581 0.053 0.132 6.12
9/1 0/94 Cominco TR 0.624 0.059 0.084 8.05
9/10/94 Cominco
9/15/94 Cominco TR 1.25 0.08 0.049 0.345 11.30
9/21/94 Cominco TR 0.174 0.046 0.08 5.53
9/29/94 Cominco TR < 0.05 0.033 0.012 3.13
10/8/94 Cominco TR < 0.05 0.034 0.013 2.92

10/15/94 Cominco TR < 0.05 0.036 0.017 3.21
10/22/94 Cominco TR < 0.05 0.051 0.022 4.13
10/26/94 Cominco TR < 0.05 0.033 0.027 2.68

6/1 /95 Cominco 0.118 0.034 < 0.01 < 0.193 0.142 4.39
6/7/95 Cominco 0.079 0.0327 0.0084 0.0676 4.14
6/9/95 Cominco 0.0287 0.0075 0.0914 3.07

6/12/95 Cominco 0.0296 0.0058 0.0651 3.14
6/15/95 Cominco 7E-05 0.0012 0.0004 0.00
6/18/95 Cominco 0.0418 0.0091 0.0946 3.71
6/24/95 Cominco 0.0462 0.0069 0.109 8.06
6/25/95 Cominco 0.0394 0.0071 0.0632 4.43
6/27/95 Cominco 0.091 0.0458 0.0075 0.0704 4.90
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Appendix 12, continued.

Station 20: Middle Fork of Red Dog Creek
-----~

Date Reference matrix AI Cd Cu Fe Pb Zn
mq/l mq/l mq/l mq/l mg/l mq/l

-
711/95 Cominco 0.197 5E-05 0.0008 0.308 0.0009 0.01
7/4/95 Cominco 0.0352 0.006 0.0476 4.53
717195 Cominco 0.0386 0.0078 0.061 5.29

7/10/95 Cominco 0.106 0.0431 0.109 0.0586 5.96
7/14/95 Cominco 0.0395 0.0062 0.124 0.0501 4.68
7/19/95 Cominco 0.0463 0.0073 0.0617 5.25
7/22/95 Cominco 0.112 0.0456 0.0038 0.0429 4.96
7/25/95 Cominco 0.0487 0.0042 0.0402 4.89
7/28/95 Cominco 0.0458 0.0038 0.0363 4.93
7/30/95 Cominco 0.0406 0.0042 0.0352 4.41

8/4/95 Cominco 0.0398 0.003 0.0301 5.11
8/8/95 Cominco < 0.05 0.0425 0.0062 0.088 0.0368 4.38

8/11/95 Cominco 0.0432 0.0078 0.0374 4.92
8/13/95 Cominco 0.0537 0.0021 0.0391 4.92
8/17/95 Cominco < 0.05 0.0496 0.002 0.077 0.0377 5.19
8/23/95 Cominco < 0.05 0.0536 0.0018 0.071 0.0412 5.68
8/25/95 Cominco 0.0538 0.0023 0.0444 6.39
8/27/95 Cominco 0.0559 0.0002 0.0481 5.55
8/31/95 Cominco 0.0475 0.0022 0.0329 5.11
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Appendix 12, continued.

Station 140: Bypass Channel around Ore Body

Date Reference Hard T05 504 pH Temp. D.O. Turb Cond Flow, cfs

mg/L mg/L mg/L DC mg/L NTU

6/13/92 Cominco 242 40 6.6 4 10.2 5 0.066

6/15/92 Cominco 25.2 47 6.1 4.2 9.7 3.7 0.065

6/28/92 Cominco 49.1 79 6.3 6.2 6.9 1.8 0.077

7/4/92 Cominco 75 111 6.0 10.0 8.5 2.10 0.177

7/4/92 Cominco 75 111 6.0 10.0 8.5 2.10

7/11/92 Cominco 109 153 6.7 12.2 6.6 --- 0.254

7/11/92 Cominco 109 153 6.7 12.2 6.6 ---

7/15/92 Cominco 118 197 6.5 8.4 1.00 0.285

7115/92 Cominco 118 197 6.5 8.4 1.00

7/18/92 Cominco 127 219 6.3 11.7 3.3 1.10 0.343

7/18/92 Cominco 127 219 6.3 11.7 3.3 1.10

7/22/92 Cominco 146 266 6.6 12.4 5.2 0.17 0.370

7/22/92 Cominco 146 266 6.6 12.4 5.2 0.17

7/25/92 Cominco 159 324 6.2 12.6 7.4 0.25 0.426

7/25/92 Cominco 159 324 6.2 12.6 7.4 0.25

7/29/92 Cominco 173 323 6.6 15.4 4.8 0.35

7/29/92 Cominco 173 323 6.6 15.4 4.8 0.35 0.487

7/31/92 Cominco 190 321 5.9 13.5 10.0 0.15 0.455

7/31/92 Cominco 190 321 5.9 13.5 10.0 0.15

8/3/92 Cominco 209 394 5.7 13.6 9.8 0.2 0.500

8/6/92 Cominco 214 412 6.6 10.6 6.8 0.4 0.515

8/12/92 Cominco 109 166 6.4 5.9 6.4 1.0 0.055

8/15/92 Cominco 126 180 6.2 3.5 6.4 0.4 0.213

8/17/92 Cominco 120 165 7.4 4.8 16** 0.5 0.255

8/21/92 Cominco 106 150 8.2 6.6 10.0 0.7 0.213

8/28/92 Cominco 123 184 7.6 7.0 8.0 0.7 0.287

8/30/92 Cominco 110 159 6.1 8.1 8.3 1.7 0.027

9/3/92 Cominco 116 16.6 8.1 3.6 6 0.54 0.238

9/5/92 Cominco 122 181 6.7 3.6 7.5 0.4 0.260

9/8/92 Cominco 130 196 7.0 3.3 10.1 0.22 0.263

9/10/92 Cominco 128 211 7.5 3.3 7.7 0.7 0.290

9/18/92 Cominco 155 248 7.3 1.2 12.5 0.2 0.202

9/24/92 Cominco 195 303 6.8 0 11.9 0.29 0.484

9/25/92 Cominco 197 351 6.6 0 10.1 0.4 0.480

9/29/92 Cominco 217 416 6.0 0 7.6 0.22 0.480

10/1 /92 Cominco 232 456 6.2 -0.1 5.4 0.16 0.580

5/16/93 Cominco I 6

5/19/93 Cominco 6.2 2 13.2
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Appendix 12, continued.

Station 140: Bypass Channel around Ore Body

Date Reference Hard T05 504 pH Temp. D.O. Turb Cond Flow, cfs

mg/L mg/L mg/L °C mg/L NTU

5/25/93 Cominco

6/4/93 Cominco

6/9/93 Cominco 7 5

6/10/93 Cominco

6/17/93 Cominco

6/26/93 Cominco

6/30/93 Cominco

7/6/93 Cominco

7/16/93 Cominco

7/25/93 Cominco

8/2/93 Cominco 7 5

8/11/93 Cominco 6.6 5

8/18/93 Cominco 7 6

8/24/93 Cominco 7.2 5

9/1/93 Cominco 7.5 3 0.5 300 315.3

9/9/93 Cominco 7.9

9/14/93 Cominco 6.2

9/24/93 Cominco 7 0 17.4

5/19/94 Cominco 6.8 1 66.4

5/27/94 Cominco 6.3 33.7

6/8/94 Cominco 7 6 26

6/16/94 Cominco 6.9 5 16

7/12/94 Cominco 33.7

7/21/94 Cominco 10.6

7/29/94 Cominco 25

8/13/94 Cominco I
I

8/23/94 Cominco

9/6/94 Cominco 6.7 5

9/23/94 Cominco 6.9 1

10/8/94 Cominco

10/27/94 Cominco 6.7 1

6/4/95 Cominco 190 11.6
6/8/95 Cominco 105 24.2
6/8/95 Cominco 112 20.3

6/11/95 Cominco 109 71 20.3---
6/14/95 Cominco 120 17.4
6/19/95 Cominco 131 12.6
6/21/95 Cominco 152 20.3
6/23/95 Cominco 163 6.9
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Appendix 12, continued.

Station 140: Bypass Channel around Ore Body

Date Reference Hard TDS S04 pH Temp. D.O. Turb Cond Flow, cfs

mg/L mg/L mg/L °C mg/L NTU

6/26/95 Cominco 273
7/5/95 Cominco 230

7/7/95 Cominco 232
7/1 0/95 Cominco 210
7113/95 Cominco 298
7/17/95 Cominco 327
7/19/95 Cominco 327
7/21/95 Cominco 397
7/24/95 Cominca 428
7/26/95 Cominco 447
7/28/95 Cominco 490

7/31/95 Cominco 561

8/2/95 Cominco 566 2.3
8/4/95 Cominco 615 2.1
8/6/95 Cominco 624 2.3
8/9/95 Cominco 593 2.6

8/11/95 Cominco 587 3.4
8/13/95 Cominco 574 4.1
8/17/95 Cominco 557 3.2
8/20/95 Cominco 535 3.2
8/23/95 Cominco 535 4.4
8/25/95 Cominco 521 4.9
8/27/95 Cominco 542 4.9
8/30/95 Cominco 515 4.1
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Appendix 12, continued.

Station 140: Bypass Channel around Ore Body

----

Date Reference matrix AI Cd Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

6/13/92 Cominco TR 0.14 0.012 < 0.01 0.396 0.111 1.47

6/15/92 Cominco TR 0.14 0.012 < 0.01 0.354 0.071 2.07

6/28/92 Cominco TR 0.06 0.017 < 0.01 0.169 0.057 2.25

7/4/92 Cominco TR < 0.05 0.025 < 0.01 0.083 0.046 3.99

7/4/92 Cominco TR < 0.05 0.025 < 0.01 0.083 0.046 3.99

7/11/92 Cominco TR < 0.05 0.035 < 0.01 < 0.020 0.072 5.76

7/11/92 Cominco TR < 0.05 0.035 < 0.01 < 0.020 0.072 5.76

7/15/92 Cominco TR < 0.05 0.054 < 0.01 < 0.020 0.117 9.99
-_.

7/15/92 Cominco TR < 0.05 0.054 < 0.01 < 0.020 0.117 9.99

7/18/92 Cominco TR < 0.05 0.074 < 0.01 < 0.020 0.182 138.00

7/18/92 Cominco TR < 0.05 0.074 < 0.01 < 0.020 0.182 138.00

7/22/92 Cominco TR 0.07 0.117 < 0.01 0.023 0.181 21.60

7/22/92 Cominco TR 0.07 0.117 < 0.01 0.023 0.181 21.60

7/25/92 Cominco TR 0.06 0.129 < 0.01 < 0.020 0.242 23.10

7/25/92 Cominco TR 0.06 0.129 < 0.01 < 0.020 0.242 23.10

7/29/92 Cominco TR < 0.05 0.165 < 0.01 < 0.020 0.352 28.60

7/29/92 Cominco TR < 0.05 0.165 < 0.01 < 0.020 0.352 28.60

7/31/92 Cominco TR 0.07 0.187 < 0.01 < 0.020 0.394 33.80

7/31/92 Cominco TR 0.07 0.187 < 0.01 < 0.020 0.394 33.80

8/3/92 Cominco TR 0.05 0.192 < 0.01 < 0.020 0.438 34.60

8/6/92 Cominco TR < 0.05 0.199 < 0.01 0.047 0.504 36.20

8/12/92 Cominco TR 0.08 0.024 < 0.01 0.134 0.057 3.51

8/15/92 Cominco TR 0.07 0.030 < 0.01 0.063 0.050 5.00

8/17/92 Cominco TR < 0.05 I 0.028 < 0.01 0.055 0.052 4.41I

8/21/92 Cominco TR 1.61 0.032 0.07 3.690 1.940 3.75

8/28/92 Cominco TR < 0.05 0.038 < 0.01 0.055 0.206 5.43

8/30/92 Cominco TR 0.10 0.037 < 0.01 0.111 0.306 4.65

9/3/92 Cominco TR 0.06 0.032 < 0.01 0.13 0.170 4.44

9/5/92 Cominco TR < 0.05 0.034 < 0.01 0.05 0.148 4.94

9/8/92 Cominco TR < 0.05 0.037 < 0.01 0.03 0.117 5.87
---

9/1 0/92 Cominco TR < 0.05 0.042 0.01 0.04 0.110 7.04

9/18/92 Cominco TR < 0.05 0.078 < 0.01 0.02 0.170 14.10

9/24/92 Cominco TR < 0.05 0.112 0.01 0.02 0.204 20.70

9/25/92 Cominco TR < 0.05 0.145 < 0.01 0.02 0.266 26.40

9/29/92 Cominco TR < 0.05 0.194 0.01 < 0.020 0.400 34.80

10/1/92 Cominco TR < 0.05 0.216 < 0.01 < 0.020 0.408 39.90

5/16/93 Cominco 0.27 0.146 0.02 1.68 0.424 16.30

5/19/93 Cominco 0.17 0.029 < 0.01 0.584 0.326 3.14

5/25/93 Cominco 0.08 0.016 0.158 1.80
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Appendix 12, continued.

Station 140: Bypass Channel around Ore Body

Date Reference matrix AI Cd Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

6/4/93 Cominco TR 0.15 0.012 0.208 1.63

6/9/93 Cominco TR 0.1 0.016 0.141 1.62

6/10/93 Cominco TR 0.09 0.011 < 0.01 0.17 0.101 1.13

6117/93 Cominco TR 0.07 0.010 0.112 1.10

6/26/93 Cominco TR 0.07 0.012 0.089 1.34

6/30/93 Cominco TR < 0.05 0.014 0.080 1.27

7/6/93 Cominco TR < 0.05 0.012 0.064 1.32

7116/93 Cominco TR < 0.05 0.019 0.084 1.97

7/25/93 Cominco TR < 0.05 0.020 0.051 1.89

8/2/93 Cominco TR 0.21 0.030 0.580 2.92

8/11/93 Cominco TR < 0.05 0.025 0.093 3.08

8/18/93 Cominco TR < 0.05 0.025 0.059 2.69

8/24/93 Cominco TR 0.08 0.024 0.074 2.60

9/1/93 Cominco TR < 0.05 0.025 0.050 2.77

9/9/93 Cominco TR 0.06 0.023 0.096 2.63

9114/93 Cominco TR 0.46 0.017 0.366 1.89

9/24/93 Cominco TR 0.08 0.032 0.299 3.53

--_.

5/19/94 Cominco TR 0.392 0.035 0.54 4.11

5/27/94 Cominco TR 0.105 0.024 0.23 2.62

6/8/94 Cominco TR 0.103 0.012 0.22 1.57

6116/94 Cominco TR < 0.05 < 0.015 0.101 0.2 1.81

7112/94 Cominco TR 0.088 0.029 0.16 2.57

7/21/94 Cominco TR 0.055 0.032 0.13 3.88

7/29/94 Cominco TR 0.072 0.031 0.14 3.23

8/13/94 Cominco TR 0.263 0.039 0.21 4.37

8/23/94 Cominco TR 1.05 0.1 0.058 0.21 13.20

9/6/94 Cominco TR ' 1.47 0.114 I 0.21 15.70

9/23/94 Cominco TR 0.699 10.137 0.49 18.50

10/8/94 Cominco TR < 0.05 0.148 0.15 20.00

10/27/94 Cominco TR 0.077 0.15 0.21 29.50

6/4/95 Cominco TR 0.058 0.015 0.24 8.69

6/8/95 Cominco TR 0.196 0.033 0.01 0.236 0.18 5.03
6/8/95 Cominco TR 0.034 0.011 0.18 5.74

6/11/95 Cominco TR 0.032 0.01 0.16 4.78
6/14/95 Cominco TR 0.032 0.012 0.2 5.59

.~.

6/19/95 Cominco TR 0.033 0.013 0.18 5.87
6/21/95 Cominco TR 0.037 0.011 0.25 6.60
6/23/95 Cominco TR 0.039 0.013 0.21 7.50
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Appendix 12, continued.

Station 140: Bypass Channel around Ore Body

Date Reference matrix AI Cd Cu Fe Pb Zn

mg/L mg/L mg/L mg/L mg/L mg/L

6/26/95 Cominco TR 0.074 0.015 0.24 13.40
7/5/95 Cominco TR 0.063 0.017 0.17 11.50

---
7/7/95 Cominco TR 0.058 0.017 0.14 11.40

7/10/95 Cominco TR 0.063 0.02 0.13 11.80
7/13/95 Cominco TR I 0.071 0.016 0.16 14.70
7/17/95 Cominco TR 0.085 0.019 0.19 15.70
7/19/95 Cominco TR 0.089 0.016 0.17 18.40
7/21/95 Cominco TR 0.106 0.016 0.15 21.00
7/24/95 Cominco TR 0.103 0.008 0.16 23.20
7/26/95 Cominco TR 0.112 0.007 0.15 25.30
7/28/95 Cominco TR 0.262 0.014 0.35 25.50
7/31/95 Cominco TR 0.115 0.006 0.17 29.10

8/2/95 Cominco TR 0.148 0.006 0.19 30.30
8/4/95 Cominco TR 0.15 0.006 0.19 32.80
8/6/95 Cominco TR 0.17 0.019 0.21 33.60
8/9/95 Cominco TR 0.168 0.017 0.22 33.20

8/11/95 Cominco TR 0.156 0.015 0.23 31.20
8/13/95 Cominco TR 0.15 0.014 0.2 25.80
8/17/95 Cominco TR 0.141 0.008 0.16 30.30

8/20/95 Cominco TR 0.143 0.011 0.17 29.20

8/23/95 Cominco TR 0.145 0.012 0.22 28.20
8/25/95 Cominco TR 0.138 0.012 0.18 28.40
8/27/95 Cominco TR 0.136 0.013 0.22 24.10
8/30/95 Cominco TR 0.135 0.01 0.16 26.90
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Appendix 12, continued.

North Fork of Red Dog Creek
Water Quality

Station Date Reference Hard TDS S04 TSS pH Temp. Turb Cond

mg/L mg/L mg/L mg/L °C NTU

Station 12 9/7/92 Cominco 208 248 < 5 7.7 3 0.44 0.363

Station 12 9/12/92 Cominco 218 273 5 7.8 2.8 0.6 0.357

Station 12 6/1/95 Cominco 101 7.5 7
Station 12 6/7/95 Cominco 152 < 5 7.7 7
Station 12 6/12/95 Cominco 155 55 < 5 8.1 5.2
Station 12 6/18/95 Cominco 148 < 5 8 2 229
Station 12 6/27/95 Cominco 225 < 5

Station 12 7/1/95 Cominco 1030 < 5

Station 12 7/7/95 Cominco 201 < 5

Station 12 7/10/95 Cominco 178 < 5

Station 12 7/19/95 Cominco 223 < 5

Station 12 7/25/95 Cominco 256 < 5

Station 12 7/30/95 Cominco 290 < 5

Station 12 8/8/95 Cominco 317 < 5

Station 12 8/13/95 Cominco 297 < 5

Station 12 8/23/95 Cominco 279 < 5 10
Station 12 8/27/95 Cominco 310 < 5
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Appendix 12, continued.

North Fork of Red Dog Creek
Metals Concentrations

Station Date AI Cd Cu Pb Zn

mg/L mg/L mg/L mg/L mg/L

Station 12 9/7/92 < 0.05 < 0.003 < 0.01 < 0.002 < 0.01

Station 12 9/12/92 < 0.05 < 0.003 < 0.01 < 0.002 < 0.01

Station 12 6/1/95 0.156 < 0.003 < 0.01 < 0.002 0.1

Station 12 6/7/95 0.00009 0.0013 0.00036 0.008

Station 12 6/12/95 < 0.00004 0.0012 0.00012 0.008

Station 12 6/18/95 0.00004 0.0008 0.0002 0.01

Station 12 6/27/95 0.00008 0.0025 0.00015 0.013

Station 12 7/1/95 0.032 0.0107 0.165 3.94

Station 12 7/7/95 < 0.00004 0.0012 0.00014 < 0.01

Station 12 7/10/95 0.131

Station 12 7/19/95 0.00006 0.0011 0.00029 0.013

Station 12 7/25/95 < 0.00004 0.0011 0.00009 0.018

Station 12 7/30/95 0.00004 0.0009 0.00011 0.008

Station 12 8/8/95 0.0002 0.0009 0.00009 0.009

Station 12 8/13/95 0.0008 0.0009 0.0001 0.009

Station 12 8/23/95 0.00025 0.0005 0.00039 0.011

Station 12 8/27/95 0.00012 0.0004 0.00012 0.008
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Appendix 12, continued.

All data collected by Cominco Alaska Inc.
Date Hard AI Cd Cu Fe Pb Zn pH

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Connie Creek
5/12/95 0.37 0.005 < 0.01 1.22 0.196 0.615 6.60
5/31/95 51 0.11 < 0.003 < 0.01 0.17 0.016 0.088 6.70
6/7/95 0.17 0.003 0.0023 0.12 0.002 0.006 7.00
6/8/95 0.09 0.004 0.0021 0.12 0.009 0.065 6.60
6/26/95 79 0.08 0.007 0.0021 0.05 0.004 0.107 7.40
7/4/95 76.2 0.087 0.0006 0.0020 0.08 0.013 0.1 7.3
7/24/95 132 < 0.05 0.0011 0.002 0.06 0.005 0.16
7/31/95 148 < 0.05 0.0009 0.002 0.06 0.005 0.14
8/15/95 0.347 0.186 0.056 0.273 36.8
9/3/95 0.073 0.0008 0.003 0.09 0.005 0.14
9/21/95 0.05 0.0007 0.002 0.06 0.003 0.11
10/7/95 0.101 0.0011 0.003 0.26 0.014 0.17

Rachae/ Creek
5/12/95 1.59 < 0.0030 0.06 0.25 0.048 0.202 4.70
5/31/95 164 2.19 < 0.0030 0.06 1.79 0.007 0.357 5.10
5/26/95 256 1.59 0.0023 0.05 1.57 0.002 0.506 5.80
7/4/95 252 1.81 0.0021 0.064 1.61 8E-04 0.51 5.9

1.99 < 0.003 0.084 < 0.001 0.62
7/19/95 413 1.57 0.003 0.06 3.3 5E-04 0.71
7/31/95 491 1.17 0.0031 0.043 2.8 0.002 0.78
8/15/95 1.53 0.0038 0.047 4.22 8E-04 0.84
9/3/95 1.97 0.0033 0.073 4.28 3E-04 0.8
9/21/95 0.0037 0.072 4E-04 0.83
10/7/95 3.27 0.0031 0.073 3.77 8E-04 0.78
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Appendix 12, concluded.

All data collected by Cominco Alaska Inc.
Date Hard AI Cd Cu Fe Pb Zn pH

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Shelly Creek
5/12/95 0.238 0.005 < 0.01 0.4 0.154 0.29 6.4
5/31/95 33.1 0.077 < 0.003 < 0.01 0.27 0.011 0.4 6.8
6/7/95 0.175 0.0006 0.003 0.4 0.028 0.47 6.7
6/7/95 0.108 0.0006 0.002 0.19 0.005 0.09 6.7
6/26/95 61.9 0.125 0.0104 0.006 0.2 0.018 1.35 7.1
7/4/95 61.1 0.137 0.01 0.006 0.19 0.02 1.28 7.3
7/12/95 0.304 0.017 0.014 0.049 1.89
7/24/95 102 0.436 0.0237 0.015 0.55 0.05 3.23
7/29/94 < 0.1 0.01 0.3 0.04 0.86
~~_.

7/31/95 116 0.549 0.0322 0.021 0.82 0.071 4.2
8/15/95 0.461 0.0316 0.019 0.7 0.065 3.59
.-

9/3/95 0.472 0.0297 0.02 0.89 0.604 3.55
9/21/95 0.504 0.0447 0.024 1.06 0.083 5.1
10/7/95 0.511 0.0367 0.021 1.22 0.079 4.13

--

Sulfur Creek
5/12/95 5.97 0.009 0.02 20.10 2.120 1.240 6.50
5/31/95 87.3 < 0.05 0.004 < 0.01 0.153 0.193 0.494 7.00
-~._-----

6/26/95 130.0 < 0.05 0.012 0.0022 0.036 0.094 1.900 7.00
7/4/95 133 0.053 0.0049 0.001 0.06 0.089 0.7 7.4
7/12/95 0.061 0.003 < 0.01 0.069 0.4
7/24/95 140 < 0.05 0.0096 0.003 0.05 0.066 1.68
-------

August no flow I
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Appendix 13. Water quality and metals concentrations in mine effluent,
~~~

Red Dog Mine Discharge, Water Quality 1
77J .

I

Date Hardness TDS S04 TSS Cn\Tot Cn/WAD pH Temp. Flow, cfs
mg/L mq/L mq/L mq/L m!=j/L m!=j/L DC

5/9/95 1400 1200 0.04 0.05 9.5 4 7.33
5/10/95 1800 < 5 9.9 4 10.79
5/11/95 9.5 4 10.49
5/12/95 1300 750 < 5 0.06 0.06 9.5 4 10.49
5/13/95 9.7 4 10.73
5/14/95 9.5 3 10.63
5/15/95 1040 690 < 5 0.02 0.03 9.5 3 10.55
5/16/95 9.6 2 10.63
5/17/951 9.6 2 10.46
5/18/95 1370 890 < 5 0.01 0.01 9.7 2 11.31
5/19/95 9.7 3 10.78
5/20/95 10 3 10.55
5/21/95 10 3 3.45
5/22/95 1400 < 5 0.01 0.01 11 4 7.77
5/23/95 2060 10 4 10.94
5/24/95 10 4 11.12
5/25/95 2000 1200 < 5 0.01 0.01 10 4 11.1
5/26/95 10 5 11.65
5/27/95 10 4 5.24
5/28/95 10 4 11.04
5/29/95 1820 1200 < 5 0.01 0.01 10 5 10.7
5/30/95 10 6 10.02
5/31/95 10 6 6.62

6/1 /95 1310 1780 1300 < 5 0.01 0.01 10 6 2.2
6/2/951
6/3/951 2200 < 5 10 6 17.3
6/4/95 1550 1210 1600 < 5 0.02 10 5 17.1
6/4/95 1580 0.02
6/4/95
6/5/95 0.01 0.02 10 6 18.2
6/6/95 2240 < 5 10 6 15.4
617/95 2260 < 5 0.01 0.01 10 7 19.1
6/7/95 0.01
6/8/95 2190 < 5 0.01 10 8 19.6
6/9/95 1540 2300 1200 < 5 < 0.01 < 0.01 10 9 19.6

6/1 0/95 2270 < 5 < 0.01 < 0.01 10 10 19.9
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Appendix 13, continued.

Red Dog Mine Discharge, Water Quality

Date Hardness TDS S04 TSS Cn\Tot Cn/WAD pH Temp. Flow, cfs
mg/L mg/L mg/L mq/L mq/L mq/L DC

I

6/11/95 2230 1600 < 5 10 10 19.8
6/12/95 1530 2340 1600 < 5 < 0.01 < 0.01 10 10 20.1
6/13/95 2370 1600 < 5 10 9 20.5
6/14/95 2370 1600 < 5 10 9 20.7
6/14/95 2400 < 5
6/15/95 2350 1800 < 5 < 0.01 9.9 10 21
6/16/95 2370 < 5 9.9 10 21.1
6/17/95 2420 < 5 9.9 9 21.4
6/18/95 2310 < 5 9.4 10 20.9
6/19/95 2430 < 5 < 0.01 < 0.01 9.4 11 21
6/20/95 2390 < 5 9.4 11 20
6/21/95 1590 2440 1700 < 5 < 0.01 < 0.01 9.5 11 20.4
6/22/95 2300 < 5 9.4 11 16.3
6/23/95 1590 2440 < 5 < 0.01 < 0.01 9.7 11 15.7
6/24/95 i 2310 < 5 9.6 11 13
6/25/95 1600 2410 1700 < 5 9.2 10 19.1
6/26/9511630 1920 1700 < 5 < 0.01 < 0.01 9.4 10 19
6/27/95 2380 < 5 9.7 11 18.2
6/28/951 2340 1700 < 5 9.6 11 14.1

I

6/28/951 2450 < 5
6/29/9511630 < 0.01 < 0.01 9.6 12 25
6/30/95 2440 < 5 9.5 12 25.4

7/1/95 2384 < 5 < 0.01 9.7 12 25.5
--------- _..-

7/2/95 1610 2290 1700 < 5 9.6 12 25.6
7/3/95 2330 < 5 < 0.01 9.7 13 25.6
7/4/95 2350 < 5 i 9.8 12 25.5
7/5/95 2350 < 5 I 9.7 11 25.2-----,_.- - ~

7/6/95 1580 2300 1700 < 5 < 0.01 9.7 11 24.8
7/7/95 1600 2450 1700 < 5 9.7 11 25.4
7/8/95 2490 < 5 9.7 11 25.6
7/9/95 1 2450 < 5 9.7 11 25.7

~_-7T1 079-5tJ 620 2410 < 5 < 0.01 9.7 11 22.6
7/11/95 2460 1700 < 5 i 9.6 12 25.3

------_. --

7/12/95 2470 < 5 9.6 13 24.5
7/13/95 1660 2520 1700 < 5 < 0.01 I 9.6 14 24.7
7/14/95 2500 < 5 9.6 16 24.8
7/15/95 2540 < 5 9.5 15 24.5
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Appendix 13, continued.

Red Qog Mine Discharge, Water Quality

Date Hardness TDS S04 TSS Cn\Tot Cn/WAD pH Temp. Flow, cfs
---- _.

mg/L mg/L mg/L mg/L mq/L mg/L DC

7/16/95 2540 < 5 9.5 16 24.4
---------

7/17/95 2500 < 5 9.5 15 24.4
._--_._-~

7/18/95 2300 < 5 I 9.5 15 24.9
7/19/95 1640 2420 1600 < 5 < 0.01 9.4 14 24.8
7/20/95 1560 2370 < 5 9.4 13 24.7
7/21/95 2400 1600 < 5 < 0.01 9.6 13 24.6
7/22/95 1710 2540 < 5 9.4 14 17.4
7/23/95 1730 2470 1700 < 5 < 0.01 9.4 13 24.5
7/24/95 2470 < 5 9.4 13 24.5
7/25/95 : 2470 < 5 9.4 13 24.5
7/26/95 2470 1700 < 5 < 0.01 9.4 13 24.5
7/27/95 2500 < 5 9.5 14 24.2
7/28/95 ! 2430 < 5 < 0.01 9.5 15 23.2
7/29/951 2430 < 5 9.4 15 24.7
7/30/95 i 2450 < 5 9.7 15 24.9
7/31/951 2400 < 5 < 0.01 9.5 14 24.9

8/1/95 2450 < 5 9.8 14 25.4
8/2/95 2420 < 5 9.8 14 25.1
8/3/95 1760 2530 1700 < 5 9.8 14 25.1
8/4/95 1880 2610 1700 < 5 < 0.01 9.8 15 25
8/5/95 2440 < 5 9.8 14 25.2
8/6/95 1640 2450 < 5 < 0.01 9.8 13 24.8
8/7/95 2560 1700 < 5 9.8 13 24.8
8/8/95 2510 < 5 9.8 13 24.6

~_919511680 2470 < 5 < 0.01 9.8 13 24.5
8/1 0/951 2460 1700 < 5 9.8 13 24.3
8/11/9511670 2460 1800 < 5 < 0.01 9.8 14 24.2
8/12/95 2490 < 5 9.8 14 24.3
8/13/951 2570 < 5 9.8 14 22.6
8/14/95 i 1650 2490 1700 < 5 < 0.01 9.8 14 24.2

--l---~

8/15/951 2560 < 5 9.8 13 24
8/16/95 ! 2550 < 5 9.7 13 24
8/17/95 2590 < 5 9.7 13 24.1
8/18/95 1790 2460 1700 < 5 0.02 9.7 13 24.3

-

8/19/95 2510 1800 <,5 9.7 13 21.9
8/20/95 1710 2510 <15 < 0.01 9.7 13 23.8
8/21/95 2480 < 5 9.7 13 24.1
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Appendix 13, continued.

Red Dog Mine Discharge, Water Quality
______--1

Date i Hardness TDS S04 TSS Cn\Tot Cn/WAD pH Temp. Flow, cfs
mg/L mg/L mg/L mg/L mg/L I mg/L °C

-

8/22/95 2500 < 5 9.4 13 24.3
8/23/95 1720 2460 1800 < 5 < 0.01 9.6 13 23.7
8/24/95 2510 < 5 9.5 13 24.2
8/25/95 2490 < 5 < 0.01 9.4 13 24
8/26/95 2570 < 5 9.5 13 24
8/27/95 2620 < 5 9.5 13 23.9
8/28/95 1580 2490 1800 < 5 < 0.01 9.8 13 23.9
8/29/95 2550 < 5 9.5 13 23.9

-

8/30/95 2590 < 5 9.5 13 23.9
8/31/95 2620 < 5 9.5 13 23.7
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Appendix 13, continued.

Red Dog Mine Discharge, metals concentrations
All metals are as total recoverable, sampled from the mine effluent.

Date AI Cd Cu Hg Pb AG Zn
mg/L mg/L mQ/L mg/L mg/L mg/L mg/L

5/9/95 < 0.05 0.014 0.041 0.0005 0.004 0.003 0.13
5/1 0/95
5/11/95
5/12/95 < 0.05 0.01 0.071 0.0005 < 0.002 0.01 0.04
5/13/95
5/14/95
5/15/95 < 0.05 0.006 0.03 0.0005 < 0.002 0.01 0.05
5/16/95
5/17/95
5/18/95 < 0.05 0.007 < 0.01 0.0005 0.012 0.01 0.13
5/19/95
5/20/95
5/21/95
5/22/95 < 0.05 0.009 < 0.01 0.0005 0.004 0.01 0.06
5/23/95
5/24/95
5/25/95 < 0.05 0.008 < 0.01 0.0005 0.005 0.01 0.1
5/26/95
5/27/95
5/28/95
5/29/95 < 0.05 0.008 < 0.01 0.0005 0.005 0.01 0.12_._--

5/30/95
5/31/95

6/1 /95 < 0.05 0.009 < 0.01 0.003 0.01 0.08
6/2/951
6/3/95 0.0083 0.0149 0.0005 0.00125 0.04
6/4/95 < 0.05 0.0087 0.015 0.0005 0.00157 7E-05 0.04
6/4/95 < 0.05 0.0095 0.0178 0.0005 0.00269 5E-05 0.08
6/4/95 0.007 0.015 0.0005 < 0.002 0.03
6/5/95 0.0091 0.0149 0.00094
6/6/95 0.0078 0.0139 0.0001 0.00099 0.04
6/7/95 0.08 0.0077 0.0127 0.0001 0.00094 0.04
6/7/95 0.0081 0.0124 0.0001 0.0021 5E-05 0.17
6/8/95 : 0.0074 0.0111 0.0001 0.00096 0.04
6/9/95 < !0.05 0.0089 0.0108 0.0001 0.00133 0.01 0.05

6/1 0/95 0.0093 0.0079 0.0001 0.001 0.04
6/11/95 0.0096 0.0069 0.0001 0.0009 0.04
6/12/95 < 0.05 0.0095 0.0069 0.0001 0.0009 0.01 0.05
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Appendix 13, continued.

Red Dog Mine Discharge, metals concentrations
All metals are as total recoverable, sampled from the mine effluent.

Date AI Cd Cu Hg Pb AG Zn
mg/L mg/L mg/L mg/L mg/L m!=l/L m!=l/L

6/13/95 0.0092 0.0054 0.0001 0.0009 0.05
6/14/95 0.0084 0.0067 0.0005 0.001 0.04
6/14/95
6/15/95 < 0.05 0.0079 0.0069 0.0005 0.00073 0.01 0.04
6/16/95 0.0086 0.0073 0.0005 0.00079 0.04
6/17/95 0.0079 0.0071 0.0005 0.00073 0.05
6/18/95 0.0278 0.0076 0.0002 0.00052 0.05
6/19/95 0.0338 0.0081 0.0002 0.00036 0.05
6/20/95 0.0159 0.0063 0.0005 0.0007 0.03

--

6/21/95 < 0.05 0.0136 0.0058 0.0005 0.00076 0.1 0.06
6/22/95 0.0136 0.0058 0.0005 0.00045 0.04
6/23/95 < 0.05 0.0137 0.006 0.0005 0.00074 0.01 0.05
6/24/95 0.0134 0.0054 0.0005 0.00102 0.06
6/25/95 < 0.05 0.0163 0.0066 0.0001 0.0011 0.01 0.09
6/26/95 0.0155 0.0058 0.0001 0.00054 0.01 0.04
6/27/95 0.0143 0.0055 0.0001 0.00045 0.04
6/28/95 0.0148 0.0068 0.0001 0.0005 0.04
6/28/95
6/29/95 < 0.05 0.0039 0.0001 0.00047 0.01 0.04
6/30/95 0.0053 0.0001 0.00057 0.04

7/1/95 0.0135 0.0044 0.0001 0.00042 0.03
7/2/95 < 0.05 0.0137 0.004 0.0001 0.00036 0.01 0.03

----~_.-

7/3/95 0.0135 0.0044 0.0001 0.00042 0.03
7/4/95 0.0121 0.0046 0.0001 0.00035 0.03
7/5/95 0.0113 0.0048 0.0001 0.0003
7/6/95 < 0.05 0.0126 0.004 0.0001 0.00035 0.01 0.03
7/7/95 < 0.05 0.0125 0.0049 0.0001 0.00037 0.01 0.03
7/8/95 0.0122 0.0047 0.0001 0.00041 0.03
7/9/95 0.0123 0.0048 0.0001 0.00041 0.03

7/10/95 < 0.05 0.0122 0.0053 0.0001 0.00035 0.01 0.03
7/11/95 0.0116 0.0046 0.0001 0.00214 0.04
7/12/95 0.0108 0.0039 0.0001 0.0005 0.03
7/13/95 0.011 0.0043 0.0001 0.00046 0.03
7/14/95 0.0112 0.0029 0.0001 0.00068 0.04
7/15/951 0.0111 0.0025 0.0001 0.00079 0.05
7/16/95 0.0125 0.0026 0.0001 0.00076 0.04
7/17/95i 0.0162 0.0027 0.0001 0.00052 0.04
7/18/95 0.0188 0.0035 0.0001 0.00048 0.04
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Appendix 13, continued.

Red Dog Mine Discharge, metals concentrations
All metals are as total recoverable, sampled from the mine effluent.

Date AI Cd Cu Hg Pb AG Zn
mg/L mg/L mg/L mg/L mg/L mq/L mg/L

7/19/95 < 0.05 0.0181 0.0033 0.0001 0.00053 0.01 0.04
7/20/95 0.0199 0.003 0.0001 0.00046 0.03
7/21/95'< 0.05 0.0203 0.0029 0.0001 0.0004 0.01 0.03
7/22/95 < 0.05 0.0126 0.0023 0.0001 0.00036 0.01 0.03
7/23/95 < 0.05 0.0111 0.002 0.0001 0.00031 0.01 0.03
7/24/95 < 0.05 0.0203 0.0021 0.0001 0.00026 0.01 0.03
7/25/95 < 0.05 0.0152 0.0023 0.0001 0.00033 0.03
7/26/95 0.0172 0.0031 0.0001 0.00044 0.04
7/27/95 0.0159 0.0027 0.0001 0.00042 0.03
7/28/95 0.0144 0.0033 0.0001 0.00058 0.04
7/29/95 0.0188 0.0028 0.0001 0.0005 0.03
7/30/95 0.0162 0.0039 0.0001 0.00048 0.03
7/31/95 0.0157 0.0035 0.0001 0.00063 0.03

8/1/95 0.0125 0.004 0.0001 0.00066 0.03
8/2/95 0.0139 0.0026 0.0001 0.00114 0.04
8/3/951 0.0145 0.0029 0.0001 0.00093 0.01 0.04
8/4/951 < 0.05 I 0.0125 0.0029 0.0001 0.00087 0.01 0.04
8/5/95 0.0138 0.0034 0.0003 0.0012 0.04
8/6/95 < 0.05 0.0147 0.0061 0.0002 0.00107 0.01 0.04
8/7/95 0.0144 0.0056 0.0003 0.00109 0.04
8/8/95 0.0142 0.0055 0.0002 0.00107 0.03
8/9/95 < 0.05 0.014 0.0053 0.0002 0.0009 0.01 0.34

--.-_.-

8/10/95 0.0142 0.0079 0.0001 0.00099 0.03
8/11/95 < 0.05 0.0142 0.008 0.0001 0.00088 0.01 0.04
8/12/95 0.0149 0.0079 0.0001 0.00098 0.04
8/13/95 0.0193 0.0011 0.0001 0.00199 0.05
8/14/95 < 0.05 0.0179 0.0008 0.0001 0.0012 0.01 0.05
8/15/95 0.0154 0.0008 0.0001 0.00086 0.04
8/16/95 0.0161 0.001 0.0001 0.00077 0.04
8/17/95 0.017 0.0025 0.0001 0.00082 0.03
8/18/95 < 0.05 0.0166 0.0011 0.0001 0.00092 0.01 0.03
8/19/95 0.0157 0.001 0.0001 0.00123 0.03
8/20/95 < 0.05 0.032 0.0014 0.0001 0.00222 0.01 0.03
8/21/95 0.0307 0.0016 0.0001 0.00169 0.03
8/22/95 0.0308 0.0011 0.0001 0.0018 0.03
8/23/95: < 0.05 0.0172 0.0005 0.0001 0.00119 0.01 0.03

--~-~-~~

8/24/95 I , 0.0184 0.0005 0.0001 0.00094 0.03-

8/25/95 i 0.018 0.0005 0.0001 0.00114 0.03
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Appendix 13, concluded.

Red Dog Mine Discharge, metals concentrations
All metals are as total recoverable, sampled from the mine effluent.

Date AI Cd Cu Hg Pb AG Zn
, mg/L mg/L mg/L mg/L mg/L mg/L mg/L

8/26/95 0.0175 0.0004 0.0001 0.0008 0.03
8/27/95· 0.0201 0.0005 0.0001 0.00079 0.03
8/28/95 < 0.05 0.0187 0.0004 0.0001 0.00108 0.01 0.04
8/29/95 0.0175 0.0009 0.0001 0.00126 0.03
8/30/95 0.0159 0.0007 0.0002 0.00128 0.04
8/31/95 0.015 0.0008 0.0002 0.00117 0.04
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Chesapeake Bay UAAs 



UAA for Tidal Waters of the 
Chesapeake Bay Mainstem and its 

Tidal Tributaries in the State of 
Maryland 
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Use Attainability Analysis for tidal waters of the Chesapeake Bay 
Mainstem and its tidal tributaries located in the State of Maryland. 
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Preamble 

In April 2003, the U.S. Environmental Protection Agency (EPA) Region III issued guidance 
entitled Ambient Water Quality Criteria for Dissolved Oxygen, Water Clarity and 
Chlorophyll a for the Chesapeake Bay and Its Tidal Tributaries (Regional Criteria 
Guidance). The development of the Regional Criteria Guidance was the realization of a key 
commitment in the Chesapeake 2000 agreement. In that agreement, the signatories (the 
states of Pennsylvania, Maryland and Virginia; the District of Columbia; the Chesapeake 
Bay Commission and the EPA) committed to, “by 2001, define the water quality conditions 
necessary to protect aquatic living resources.” New York Delaware and West Virginia 
agreed to the same commitment through a separate six-state memorandum of understanding 
with the EPA.  

The EPA, in the Regional Criteria Guidance, defined the water quality conditions called for 
in the Chesapeake 2000 agreement through the development of Chesapeake Bay-specific 
water quality criteria for dissolved oxygen, water clarity and chlorophyll a. The EPA also 
identified and described five habitats, or designated uses, that provide the context in which 
the EPA Region III derived adequately protective Chesapeake Bay water quality criteria for 
dissolved oxygen, water clarity and chlorophyll a. Collectively, the three water quality 
conditions provide the best and most direct measures of the effects of too much nutrient and 
sediment pollution on the Bay’s aquatic living resources—fish, crabs, oysters, their prey 
species and underwater bay grasses. These criteria were developed as part of a larger effort 
to restore Chesapeake Bay water quality. 

The Maryland Department of the Environment, as a partner working in good faith to fulfill 
the goals of the Chesapeake 2000 agreement, is currently in the process of promulgating the 
new Chesapeake Bay water quality standards to protect the Bay’s aquatic living resources 
within the State of Maryland.  This Use Attainability Analysis was developed by the 
Department to be a companion to the new Chesapeake Bay water quality standards 
(COMAR 26.08.01.01, 26.08.02.02, 26.08.02.03-3, and 26.08.08.08).  This analysis 
describes the development and geographical extent of the designated uses to which the 
water quality criteria may apply, and as such serves as a resource to the State and its citizens 
to assist them in the monitoring, assessment, and protection of the Bays’ resources.  

The Use Attainability Analysis is not law or regulation; it is an assessment of the 
attainability of the current Bay water quality standards as well as the newly proposed water 
quality standards.  
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EXECUTIVE SUMMARY 

In May 2003, the U.S. Environmental Protection Agency (EPA) Region III issued guidance 
entitled Ambient Water Quality Criteria for Dissolved Oxygen, Water Clarity and 
Chlorophyll a for the Chesapeake Bay and Its Tidal Tributaries (Regional Criteria 
Guidance). The EPA developed this guidance to achieve and maintain the water quality 
conditions necessary to protect aquatic living resources of the Chesapeake Bay and its tidal 
tributaries. The Regional Criteria Guidance is intended to assist the Chesapeake Bay 
jurisdictions—Maryland, Virginia, Delaware and the District of Columbia—in adopting 
revised water quality standards to address nutrient and sediment-based pollution in the 
Chesapeake Bay and its tidal tributaries. Part of the jurisdictions’ water quality standards 
development process may be to conduct use attainability analyses (UAAs). The EPA also 
developed the Technical Support Document for Identifying Chesapeake Bay Designated 
Uses and Attainability (Technical Support Document) to assist states in developing their 
individual UAAs. 

The UAA process is traditionally conducted by individual states. This UAA document 
provides the technical background information for the Maryland UAA.  This UAA 
documents why the current designated uses for aquatic life protection cannot be attained in 
all parts of Maryland’s Chesapeake Bay and the associated tidal tributaries. It provides 
scientific data showing that natural and human-caused conditions that cannot be remedied 
are the basis for the non-attainment and proposes refined designated uses that Maryland has 
considered for the current water quality standards development and adoption processes. The 
document also provides scientific data indicating that the refined designated uses are 
attainable in most of Maryland’s Chesapeake Bay segments and documents that the refined 
designated uses protect existing aquatic life uses. Finally, this UAA briefly summarizes 
economic analyses based on implementation of Maryland’s Tributary Strategies, including 
estimates of the cost of implementation of the appropriate control scenarios. 
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INTRODUCTION TO USE ATTAINABILITY ANALYSIS 

The Water Quality Standards Regulation (40 CFR 131.3) defines a UAA as “…a structured 
scientific assessment of the factors affecting the attainment of a use which may include 
physical, chemical, biological, and economic factors…” (40 CFR 131.10[g]). The Water 
Quality Standards Regulation requires a state to conduct a UAA when it designates uses that 
do not include those specified in Section 101(1)(2) of the Federal Water Pollution Control 
Act.1 A state must also conduct a UAA when it wishes to remove a specified designated use 
of the Federal Water Pollution Control Act or adopt subcategories of those specified uses 
that require less stringent criteria.  

When conducting a UAA, a state must demonstrate that attaining the designated use is not 
feasible due to one or more of six factors specified in Section 131.10(g) of the Water 
Quality Standards Regulation. These factors are: 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; 
2. Natural, ephemeral, intermittent, or low-flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the discharge 
of a sufficient volume of effluent without violating state water conservation 
requirements to enable uses to be met; 

3. Human-caused conditions or sources of pollution prevent the attainment of the use and 
cannot be remedied or would cause more environmental damage to correct than to 
leave in place; 

4. Dams, diversions or other types of hydrologic modifications preclude the attainment of 
the use, and it is not feasible to restore the water body to its original condition or to 
operate such modifications in a way that would result in the attainment of the use; 

5. Physical conditions related to the natural features of the water body, such as the lack of 
a proper substrate, cover, flow, depth, pools, riffles and the like, unrelated to chemical 
water quality, preclude attainment of aquatic life protection uses; and 

6. Controls more stringent than those required by sections 301(b)(1)(A) and (B) and 306 
of the Act would result in substantial and widespread economic and social impacts. 

The Water Quality Standards Regulation also specifies that any change in designated uses 
must show that the existing uses are still being protected. The EPA’s 1983 Water Quality 
Standards Handbook provides two definitions for an existing use. First, an existing use can 
be defined as fishing, swimming or other uses that have actually occurred since November 
28, 1975. The second definition of an existing use is that the water quality of a water body 
is suitable to allow the use to be attained—unless there are physical problems, such as 
substrate or flow, that prevent use attainment. The Water Quality Standards Regulation, in 
turn, requires state anti-degradation policies to protect existing water quality. Therefore, any 
recommendations regarding refined designated uses for Maryland portions of the 
Chesapeake Bay and its tidal tributaries must ensure that existing aquatic life uses continue 
to be protected. 
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ATTAINABILITY OF MARYLAND’S CURRENT WATER QUALITY 
STANDARDS 

Maryland’s current water quality standards for the Chesapeake Bay include aquatic life use, 
commercial shellfish harvest, and water contact recreation uses.  To protect the aquatic life 
uses in the Bay and its tidal tributaries, Maryland adopted a dissolved oxygen criteria of 5 
mg/L applied year-round throughout all tidally influenced waters. In 1987, the Bay Program 
partners set a 40 percent loading reduction goal for “controllable” nitrogen and phosphorus 
to improve low oxygen conditions in the deep trench of the mainstem Bay. This translated 
into an actual basinwide nitrogen goal of 20 percent reduction of the controllable nitrogen 
load, while the basinwide phosphorus goal was about a 31 percent reduction from a 1985 
baseline.  Caps on nitrogen and phosphorus loads were established through the 1992 
Amendments to the Chesapeake Bay Agreement and were allocated to each of the 10 major 
tributary basins in Maryland. The State developed tributary strategies that laid out schedules 
for taking the specific reduction actions needed to achieve these loading goals. In 1996, 
Maryland listed all portions of the Chesapeake Bay and most of its tidal tributaries were 
listed as impaired by nutrients or sediment on the States’ 303(d) list.  With the signing of 
the Chesapeake 2000 Agreement, Maryland and the other Chesapeake Bay Program 
partners have committed to go beyond setting new loading caps for nutrient and sediment 
and developing local stakeholder-based implementation plans. They have committed to 
"correct the nutrient- and sediment-related problems in the Chesapeake Bay and its tidal 
tributaries sufficiently to remove the Bay and the tidal portions of its tributaries from the list 
of impaired waters (303(d) list) under the Clean Water Act."    

To avoid potential negative impacts that a regulatory TMDL process might have on the 
successful, cooperative efforts being used by the states' tributary strategy programs, the 
Chesapeake 2000 Agreement lays out a series of commitments directed towards seeking a 
cooperative solution to restoring Bay water quality. An important initial commitment was 
defining the water quality conditions necessary to support Bay living resources–fish, crabs, 
oyster, Bay grasses in 2003 (EPA, 2003).  Also, the Bay State partners (DE, MD, VA, and 
the District of Columbia) agreed to adopt the new water quality standards by 2005. 

As part of the new Bay water quality standards adoption process, an analysis of the 
feasibility of attainment of the current water quality standards must be performed.  This is 
the first step in the UAA process.  The determination of non-attainability of the current 
water quality standards in the Chesapeake Bay and its tidal tributaries is based on three of 
the six 40 CFR 131 (10)(g) factors noted above— (1) natural factors, (2) human-caused 
conditions that cannot be remedied, and (3) hydrologic modification (Patapsco River 
Navigation channels). Output from model-simulated attainment scenarios, TMDL model 
scenarios for the Patapsco River, and the paleoecological record of the Chesapeake Bay 
ecosystem provide evidence that these conditions prevent attainment of current designated 
uses.   
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To understand the overall feasibility of attaining current designated uses in the Chesapeake 
Bay and its tidal tributaries, the Chesapeake Bay Program analyzed three scenarios: ‘all-
forest,’ ‘pristine’ and ‘everything, everywhere by everyone,’ or the E3 scenario. The first 
two scenarios are the best representations of pre- European settlement conditions (to capture 
natural pollutant levels). The third scenario (E3) represents the boundary of what is 
considered physically implausible by Maryland and other State partners for reducing 
nutrient and sediment pollution.  The results of these modeling scenarios demonstrate that 
even under pristine conditions, the 5 mg/L dissolved oxygen criteria is not attained in the 
deep channel and deep water (approximately 3% and 1% Baywide, respectively) during the 
summer months.  For the E3 scenario, 59 percent, 23 percent and 2 percent  
non-attainment are exhibited in the deep-channel, deep-water and open-water areas, 
respectively, even after implementation of nutrient reduction measures that represent limits 
of technology. 

During the past decade, paleoecological studies of the Chesapeake Bay’s late Holocene 
dissolved oxygen record have been carried out using several proxies of past dissolved 
oxygen conditions, which are preserved in sediment cores that have been dated using the 
most advanced geochronological methods. These studies, using various indicators of past 
dissolved oxygen conditions, are reviewed in Cronin and Vann (2003) and provide 
information that puts the monitoring record of the modern Chesapeake Bay into a long-term 
perspective and permits an evaluation of natural variability in the context of restoration 
targets.  Several major themes emerge from the time period studied. 

The 20th century sedimentary record confirms the limited monitoring record of dissolved 
oxygen, documenting that there has been a progressive decrease in dissolved oxygen levels, 
including the periods of extensive anoxia in the deep-channel region of the Chesapeake Bay 
that have been prominent during the past 40 years. Most studies provide strong evidence 
that there was a greater frequency or duration of seasonal anoxia beginning in the late 1930s 
and 1940s and again around 1970, reaching unprecedented frequencies or duration in the 
past few decades in the mesohaline Chesapeake Bay and the lower reaches of several tidal 
tributaries (Zimmerman and Canuel 2000; Hagy 2002).   

Extensive late 18th and 19th century land clearance also led to oxygen reduction and 
hypoxia, which exceeded levels characteristic of the previous 2,000 years.  Best estimates 
for deep-channel mid-bay seasonal oxygen minima from 1750 to around 1950 are 0.3 to 
1.4-2.8 mg/l and are based on a shift to dinoflagellate cyst assemblages of species tolerant 
of low dissolved oxygen conditions. These patterns are likely the result of increased 
sediment influx and nitrogen and phosphorous runoff due to extensive land clearance and 
agriculture.   

Before the 17th century (pre-settlement), dissolved oxygen proxy data suggest that dissolved 
oxygen levels in the deep channel of the Chesapeake Bay varied over decadal and inter-
annual time scales. These paleo-dissolved oxygen reconstructions are consistent with the 
Chesapeake Bay’s natural tendency to experience seasonal oxygen reductions due to its 
bathymetry, freshwater-driven salinity stratification, high primary productivity and organic 
matter and nutrient regeneration (Boicourt 1992; Malone 1992; Boynton et al. 1995). 
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The combined results of the E3, all-forest and pristine scenarios along with the scientific 
conclusions from the paleoecological record, strongly indicate that current Maryland 
aquatic life designated uses cannot be achieved in the Chesapeake Bay’s and tidal 
tributaries’ deep-water and deep-channel habitats where natural physical processes and 
bottom bathymetry-related barriers prevent oxygen replenishment. Natural conditions, as 
well as human-caused conditions that cannot be remedied have caused the trend towards 
hypoxia and most recently (especially after the 1960s) anoxia in the main channel of the 
Chesapeake Bay and some of its larger tidal tributaries. The impact of these patterns has 
been observed in large-scale changes in benthos and phytoplankton communities, which are 
manifestations of habitat loss and degradation. 

 
DEVELOPMENT OF THE REFINED DESIGNATED USES 

Current designated uses for the Chesapeake Bay and its tidal tributaries do not fully reflect 
natural conditions and are too broad in their definition of use to support the adoption of 
more habitat-specific aquatic life water quality criteria. The current uses also change across 
jurisdictional borders within the same water body. Therefore, the first step in this process 
was to derive attainable designated uses that protect current and existing uses and propose 
criteria to protect those uses Baywide.  In refining the tidal-water designated uses, the six 
Bay watershed states and the District of Columbia considered five principal factors: 

• Habitats used in common by sets of species and during particular life stages should be 
delineated as separate designated uses; 

• Natural variations in water quality should be accounted for by the designated uses; 
• Seasonal uses of different habitats should be factored into the designated uses; 
• The Chesapeake Bay criteria for dissolved oxygen, water clarity and chlorophyll a 

should be tailored to support each designated use; and 
• The refined designated uses applied to the Chesapeake Bay and its tidal tributary 

waters will support the federal Clean Water Act goals and state goals for aquatic life 
uses existing in these waters since 1975. 

The five refined designated uses reflect the habitats of an array of recreationally, 
commercially and ecologically important species and biological communities. The vertical 
and horizontal extent of the designated use boundaries are based on a combination of 
natural factors, historical records, physical features, hydrology, bathymetry and other 
scientific considerations.  

The migratory fish spawning and nursery designated use protects migratory and 
resident tidal freshwater fish during the late winter to late spring spawning and 
nursery season in tidal freshwater to low-salinity habitats. Located primarily in the 
upper reaches of many Bay tidal rivers and creeks and the upper mainstem 
Chesapeake Bay, this use will benefit several species including striped bass, perch, 
shad, herring, sturgeon and largemouth bass. 

The shallow-water bay grass designated use protects underwater bay grasses and the 
many fish and crab species that depend on the vegetated shallow-water habitat 
provided by underwater grass beds.  
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The open-water fish and shellfish designated use focuses on surface water habitats 
in tidal creeks, rivers, embayments and the mainstem Chesapeake Bay and protects 
diverse populations of sport fish, including striped bass, bluefish, mackerel and sea 
trout, as well as important bait fish such as menhaden and silversides.  

The deep-water seasonal fish and shellfish designated use protects animals 
inhabiting the deeper transitional water-column and bottom habitats between the 
well-mixed surface waters and the very deep channels. This use protects many 
bottom-feeding fish, crabs and oysters, and other important species such as the bay 
anchovy.  

The deep-channel seasonal refuge designated use protects bottom sediment-
dwelling worms and small clams that bottom-feeding fish and crabs consume. It also 
protects the meiofaunal community important to biogeochemical cycling processes 
in the bottom sediments.  Low to occasional no dissolved oxygen conditions occur 
in this habitat zone during the summer.   

 
ATTAINABILITY OF REFINED DESIGNATED USES 
The Chesapeake Bay Program assessed attainability for the refined designated uses based 
on dissolved oxygen for the migratory and spawning, open-water, deep-water and deep-
channel designated uses. Attainability for the shallow-water designated use was assessed 
based on historic and recent data on the existence of underwater bay grass acreage. The 
Chesapeake Bay Program did not assess attainability for the chlorophyll a criteria, which 
applies to the open-water designated use, because this criteria is expressed in narrative 
terms and does not provide a numeric value around which to perform attainability analyses.  

For the refined designated uses to which the dissolved oxygen criteria apply, the 
Chesapeake Bay Program evaluated attainability by comparing the modeled water quality 
response to a series of technology-based nutrient reduction scenarios. This series of 
scenarios was developed to represent the watershed’s nutrient and sediment reduction 
potential in terms of the types, extent of implementation and performance of best 
management practices (BMPs), wastewater treatment technologies and storm water 
controls. These scenarios range from Tier 1, which represents the current level of 
implementation plus regulatory requirements implemented through 2010, to a theoretical 
limit-of-technology scenario referred to previously as the “E3” scenario (“everything, 
everywhere by everybody”). Tier 2 and Tier 3 are intermediate scenarios between Tier 1 
and the E3 scenario. These tiers are artificial constructs of technological levels of effort and 
do not represent the actual programs that jurisdictions will eventually implement to meet the 
water quality standards. Rather, the state is using the tiers developed by the Chesapeake Bay 
Program as an assessment tool to determine potential load reductions achievable by various 
levels of technological effort, and to model water quality responses to controls.  Tier 3 level 
of effort scenarios have been adopted as the starting point for the implementation of 
Maryland’s Tributary Strategies. More recent and precise work has indicated that a level of 
effort beyond Tier 3 will be necessary to achieve water quality standards. 
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The Chesapeake Bay Program used the Chesapeake Bay Watershed and Water Quality 
Models to determine the water quality response to the pollutant reductions in each scenario 
(Appendix 1) and then compared these modeled water quality observations within the five 
refined designated uses to determine the spatial and temporal extent of non-attainment with 
the respective dissolved oxygen criteria. Specifically, comparison of model results for 
dissolved oxygen were made to a monthly average dissolved oxygen concentration of 6 
mg/l for the migratory and spawning use, 5 mg/l for the open-water use, 3 mg/l for the 
deep-water use and 1 mg/l for the deep-channel use.  

ATTAINMENT OF PROPOSED DISSOLVED OXYGEN CRITERIA 

Migratory Spawning & Nursery Designated Use: Current monitoring data and Chesapeake 
Bay Water Quality Model outputs indicate that the migratory and spawning designated use 
is essentially being attained in the Chesapeake Bay and its tidal tributaries for dissolved 
oxygen. The few segments that are not fully attaining the dissolved oxygen criterion would 
fully attain this use in the Tier 1 scenario (lowest level of control technologies).  
 

Open Water Designated Use:  Appendix 1 provides the results of the attainability analysis 
for dissolved oxygen for the open-water (including shallow-water), deep-water and deep-
channel designated uses, by Chesapeake Bay Program segment. As Appendix 1 illustrates, 
current monitoring data (presented under the ‘observed’ column) indicate that the open-
water designated use (OW under the DU column) is frequently not fully attained. However, 
under the “New Confirm” column attainment is more frequent and non-attainment achieves 
a much smaller magnitude. Non-attainment of 1 percent or less is considered attainable due 
to natural variability, anticipation of reduced phosphorus flux as a result of greater 
oxygenation and reduced pollution inputs, and various uncertainties in the models and 
current load measurements. 

Deep Water, & Deep Channel Designated Uses: For the deep-water designated use for 
dissolved oxygen criteria, very little attainment is achieved based on current monitoring 
data and existing implementation, and only some degree of attainment is seen at reduction 
levels equivalent to Tier 2. At the reduction levels represented by the E3 scenario, 
attainment is achieved for all segments of the Chesapeake Bay except for two: the Patapsco 
River mesohaline (PATMH), and the middle central Chesapeake Bay (CB4MH).   
Appendix 1 also illustrates that under observed conditions, the proposed dissolved oxygen 
criteria are not attained for the deep-channel designated use. With increasing load 
reductions, represented by Tier 3, percent non-attainment is primarily less than 2 percent, 
except in the man-made navigation channels serving the Port of Baltimore in PATMH.  Due 
to significant non-attainment (77% when point sources are at E3) resulting from Federally-
authorized hydrologic modification (see Appendix 3) and complex circulation patterns that 
move hypoxic and anoxic waters from the Bay’s main channel into the Patapsco through 
advection, the State has determined that further refinement of the designated use to preclude 
aquatic life use during the seasonal application period of June 1 to September 30 was 
necessary.  Therefore, the State has proposed a “Navigation Channel” designated use 
subcategory with the applicable D.O. criteria being 0 mg/L from June 1 to September 30 
inclusive. 
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ATTAINMENT OF PROPOSED WATER CLARITY CRITERIA 

Shallow Water Bay Grass Designated Use:  Attainability for the shallow-water bay grass 
designated use is based on historic and recent data on the distribution of underwater bay 
grasses. Detailed analyses using this data—including historical aerial photographs—were 
undertaken to map the distribution and depth of historical underwater bay grass beds in the 
Chesapeake Bay and its tidal tributaries. These analyses led to the adoption of the single 
best year method that considers historical underwater bay grass distributions from the 1930s 
through the early 1970s as well as more recent distributions since 1978 to present. Using 
this method, the Chesapeake Bay Program and its watershed partners established a baywide 
underwater bay grass restoration goal of 185,000 acres. Because of limitations associated 
with mapping underwater bay grasses using historical photography, the estimate of past 
underwater bay grass distributions is conservative. Therefore, the restoration goals for the 
Bay and its tidal tributaries (See Appendix ) is conservative as well and considered 
attainable.  
 
CONFIRMATION THAT EXISTING USES ARE MET 
 
In establishing the refined designated uses, Maryland and the state partners in collaboration 
with the Chesapeake Bay Program, took explicit steps in developing the requirements and 
boundaries to ensure that existing aquatic life uses would continue to be protected as the 
EPA water quality standards regulation require. For some refined designated uses—the 
migratory fish spawning and nursery, the deep-water and the deep-channel—the application 
of new dissolved oxygen criteria will result in improvements to existing water quality 
conditions. The refined open-water fish and shellfish designated use dissolved oxygen 
criteria will continue to provide an equal level of protection as the current state water 
quality standards afford to the same tidal waters. The refined shallow-water bay grass 
designated use ensures protection of existing underwater bay grass-related uses because the 
single best year method is based on historical (1930s through the early 1970s) and more 
recent (1978–present) underwater bay grass distributions.  This method goes beyond the 
requirements of the federal clean water act that states that existing uses are those uses that 
actually occurred on or after November 28, 1975. 
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ECONOMIC ANALYSES 

The Technical Support Document summarizes three types of economic analyses that the 
Chesapeake Bay Program performed in conjunction with developing revised water quality 
criteria, designated uses and boundaries for those uses in the Chesapeake Bay and its tidal 
waters. An analysis was undertaken to estimate the costs of implementing the hypothetical 
control scenarios (represented by the Tier 1-3 scenarios). Maryland has performed the same 
types of economic analyses on the Maryland Tributary Strategies Program, the “Tier 3” 
implementation plan for meeting the new Bay water quality standards.  The Bay program 
also conducted screening-level analyses to rule out areas that would not experience 
substantial and widespread economic and social impacts if states implemented controls 
more stringent than those required by sections 301 and 306 of the Clean Water Act. The 
results of analyses to model regional economic impacts are also summarized in the 
Technical Support Document.  
 
Cost 
 
The projected total (capital and operating) costs are approximately $10 billion through 
2010. This is predicated on a statewide evaluation of the sewage treatment upgrades and 
best management practice implementation levels necessary to attain the water quality 
standards in the Bay and tidal tributaries. Implementation measures were used to achieve 
water quality standards with consideration of cost, cost effectiveness, feasibility, and 
minimization of undesired impacts such as sprawl. The costs can be broken out into the 
broad categories of agricultural best management practices, urban best management 
practices, sprawl and septic systems, and point sources. There is considerable uncertainty 
about the cost estimates in each category, particularly for urban best management practices 
and sprawl and septic systems; consequently there is considerable uncertainty about the 
total cost. There is additional uncertainty about the effectiveness of the BMPs and therefore 
the level of implementation that will actually be needed. Nevertheless, after considerable 
review by State program staff, EPA and contractors, this is the best estimate possible at the 
current time. It is anticipated that as innovative and more effective management practices 
are developed, the implementation will evolve and change the costs. 
 
A reevaluation of the water quality benefits that can be achieved is scheduled for 2007 and 
will incorporate a revised watershed model, a refined water quality model, better estimates 
of best management practice efficiency, and the incorporation of best management practices 
not currently included in the watershed model. This will likely modify the required 
implementation levels and therefore the costs. 
 

 

Economic impact 
 
The relevance of the economic impact of achieving water quality standards to the Use 
Attainability Analysis is dependent on several factors: 

• Whether the costs that will be incurred to meet water quality standards are 
mandatory or can be incurred as funds become available, 
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• Whether the costs result from an administrative decision such as a permit or result 
from legislative action such as the Bay Restoration Fund, and 

• As a corollary, whether the costs result from the regulatory promulgation of these 
water quality standards or would be incurred even if this action didn’t take place.  

 
Costs are mandatory for only two components: point sources and urban best management 
practices. If the costs are not mandatory, e.g., because there are no direct regulatory 
controls, then economic impact is not relevant to the UAA because the costs and therefore 
the impact are only incurred on a cooperative basis. It has generally been accepted among 
the local governments and tributary teams, that where no regulatory requirement exists, 
implementation will be dependent on providing funding and other incentives. However, 
without a requirement, the economic impact will be only that which is accepted by the 
public or provided by funding agencies. Those costs will be spread nationally in the case of 
federal funding, resulting in a minimal impact or one absorbed into existing programs. In 
the case of State funding, they will be legislatively directed as a general policy decision, 
absorbed within existing programs, or will not occur. In any of these cases, the impact will 
either be acceptable or not result immediately from the implementation of the water quality 
standards. 
 
For point sources, the Maryland General Assembly has acted prior to the promulgation of 
the water quality standards, thus promulgation of the standards cannot be the direct cause of 
any costs incurred for the Bay Restoration Fund. Further, the General Assembly has 
effectively determined that the costs are not prohibitive by passing Governor Ehrlich's 
legislation. This provides the funds necessary to leverage bond issuance that will cover the 
full costs of enhanced nutrient removal at major wastewater treatment plants. The Fund also 
provides for a significant amount of cover crops, a very cost effective agricultural best 
management practice, as well as installation of denitrifying septic systems in the critical 
area, where the benefit of such systems to the Bay will be greatest. 
 
Although implementation of urban best management practices is required, it is required 
under the NPDES permit system and costs would be incurred regardless of this change in 
water quality standards. Further, at this time the permits are technology-based, not water 
quality-based, and therefore not dependent on this regulatory action.  The costs of 
implementation of the National Pollutant Discharge Elimination Systems (NPDES) 
municipal separate storm sewer system (MS4) permits vary from jurisdiction to jurisdiction, 
as does the economic impact, because economic factors (i.e., number of households and 
median household income) and costs vary from jurisdiction to jurisdiction. If there are 
significant and widespread impacts for stormwater permits they need to be addressed as part 
of the permit conditions, not at the water quality standards level since the standards will still 
have general applicability, even if this creates a problem in a particular jurisdiction. In such 
a case, the issue will be handled at the jurisdiction level. 
 
Finally, the costs for agricultural best management practices cannot be compelled under 
existing regulations or permit requirements, and it has been generally agreed that 
implementation will occur as funds are made available. If the funds are actually available, 
then it is implicit that the economic hardship was not significant and widespread. Further, 
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the Water Quality Improvement Act of 1998 in combination with the Bay Restoration Act 
funding for cover crops, were both passed prior to this promulgation, and therefore the 
water quality standards promulgation can be the cause of the costs. 
 
 
ECONOMIC BENEFITS OF IMPROVED WATER QUALITY 

As stated previously, when evaluating use attainability, states may consider whether 
controls more stringent than those required by sections 30l(b)(l)(A) and (B) and 306 of the 
Clean Water Act would result in substantial and widespread economic and social impacts. 
Estimating potential economic benefits also is integral to understanding the economic 
impacts of improving water quality in the Chesapeake Bay and its tidal tributaries To 
estimate the potential economic benefits of restoring Chesapeake Bay water quality, a 
regional forecasting model developed by Regional Economic Modeling, Inc. (REMI), and 
an economic impact model (IMPLAN) from the Minnesota IMPLAN Group was used. The 
IMPLAN model indicates that the Tier 3 scenario would result in a net increase in output, 
employment, and value-added in the six Chesapeake Bay watershed states and the District 
of Columbia. In addition, the REMI model forecasts that gross regional product in the State 
of Maryland will grow by 37 percent by 2010, corresponding to 19 percent growth in 
employment and 17 percent growth in real disposable personal income. This estimated 
growth is not accounted for in the IMPLAN results (which are based on current economic 
conditions). The economic stimulus from Tier 3 results from increased spending in high-
wage industries (e.g., wastewater treatment technologies) as well as an influx of funds for 
pollution controls (e.g., federal cost shares for agricultural BMPs); additional market 
benefits likely to result from improved water quality (e.g., commercial and recreational 
fishing industries) are not included. Therefore, the regional economy should expand as a 
result of the tier scenarios. 

Although no comprehensive estimate of the benefits from nutrient and sediment reduction 
actions in the Chesapeake Bay watershed is available, data suggest that the Chesapeake Bay 
affects industries that generate approximately $20 billion and 340,000 jobs (including 
commercial fishing, boat building and repair and tourism). Tourism, as a composite 
industry, represents the 14th largest source of output, and the 8th largest source of 
employment, in the Chesapeake Bay watershed. It is not clear the extent to which each of 
these sectors relies on Chesapeake Bay water quality; however, participation rates and 
expenditures on recreational fishing suggest that a significant percentage of tourism output 
is likely linked to the quality of water bodies such as the Chesapeake Bay. For example, the 
U.S. Fish and Wildlife Service’s 2001 National Survey of Fishing, Hunting and Wildlife-
Associated Recreation reports annual expenditures by fishermen of $1,261 million, and 
1,859,000 fishing participants, in the states of Maryland, Virginia and Delaware. 

Available studies of benefits include Bockstael et al. (1989), which estimate the total value 
of 20 percent improvement in nitrogen and phosphorous concentrations in the Chesapeake 
Bay to be $17 million to $76 million in 1996 dollars. Similarly, Krupnick (1988) estimated 
the total value of a 40 percent improvement in nitrogen and phosphorus concentrations at 
$43 million to $123 million (in 1996 dollars). 
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Appendix 1: Chesapeake Bay Program Attainment Table. MIG=Migratory and Spawning 
Use, OW=Open Water Use, DW=Deep Water Use, DC=Deep Channel Use. New 
confirmation run results are used to make attainment estimate. A=fully attained at nutrient 
allocation. Proportion = proportion of time and volume not in attainment. Less than 0.01 
(1%) within margin of error and not considered significant, greater than 1% treated by 
variance in the designated uses section. 
 
  Table 1- Key Scenarios- Summary of Dissolved Oxygen Criteria Attainment* 

  Segment Segment  DU Observed New Confirm 

  Mainstem Upper Bay (CB1TF) CB1TF CB1TF MIG A A 
    CB1TF CB1TF OW A A 
  Mainstem Upper Bay (CB2OH) CB2OH CB2OH MIG A A 
   CB2OH CB2OH OW 1.92 0.09 
  Mainstem Upper Bay (CB3MH) CB3MH CB3MH MIG 0.19 A 
    CB3MH CB3MH OW A A 
     CB3MH DW 4.18 0.46 
      CB3MH DC 13.52 0.40 
  Mainstem Mid-Bay (CB4MH) CB4MH CB4MH OW 0.05 A 
    CB4MH DW 19.64 6.99 
    CB4MH DC 45.19 1.75 
  Mainstem Mid-Bay (CB5MH) CB5MH CB5MH OW A A 
      CB5MH DW 6.16 0.86 
      CB5MH DC 13.79 0.08 
  Patuxent Tidal Fresh (PAXTF) PAXTF PAXTF MIG A A 
    PAXTF PAXTF OW A A 
  Patuxent Mid-Estuary (PAXOH) PAXOH PAXOH MIG A A 
   PAXOH PAXOH OW 9.79 0.10 
  Patuxent Lower Estuary (PAXMH) PAXMH PAXMH MIG A A 
    PAXMH PAXMH OW 7.40 A 
      PAXMH DW 5.52 A 
  Potomac Tidal Fresh (POTTF) POTTF POTTF MIG A A 
   POTTF POTTF OW A A 
  Potomac Mid-Estuary (POTOH) POTOH POTOH MIG A A 
    POTOH POTOH OW 2.10 0.20 
  Potomac Lower Estuary (POTMH) POTMH POTMH MIG A A 
   POTMH POTMH OW 0.78 A 
    POTMH DW 6.90 0.58 
    POTMH DC 18.89 0.17 
    JMSOH JMSOH OW A A 
  Eastern Bay (EASMH) EASMH EASMH MIG A A 
   EASMH EASMH OW A A 
    EASMH DW 3.26 0.27 
    EASMH DC 20.23 0.10 
  Choptank Mid-Estuary (CHOOH) CHOOH CHOOH MIG A A 
    CHOOH CHOOH OW 0.11 A 
  Choptank Lower Estuary (CHOMH1) CHOMH1 CHOMH1 MIG A A 
   CHOMH1 CHOMH1 OW 2.27 0.92 
  Choptank Lower Estuary (CHOMH2) CHOMH2 CHOMH2 MIG A A 
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    CHOMH2 CHOMH2 OW 0.33 A 
  Tangier Sound (TANMH) TANMH TANMH OW 0.15 0.33 
  Pocomoke (POCMH) POCMH POCMH OW A A 
  Chester Lower (CHSMH)** CHSMH CHSMH MIG A A 
   CHSMH CHSMH OW 5.67 1.98 
   CHSMH CHSMH DW 0.85 A 
   CHSMH CHSMH DC 11.80 A 

  

* 4/1/03, Version 15  -- Changes 
since version 12:  SAV Re-
calibration, Wetlands Oxygen 
Demand, No Seasonal Anoxic 
Zone      

  ** for information purposes only, model not sufficiently calibrated for these areas 
 



UAA for the Federal Navigation 
Channels in Tidal Portions of the 

Patapsco River 



Use Attainability Analysis for the federal navigation channels 
located in tidal portions of the Patapsco River.
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Use Attainability Analysis For Patapsco River Mesohaline (PATMH):   
 
Preamble 

In April 2003, the U.S. Environmental Protection Agency (EPA) Region III issued guidance 
entitled Ambient Water Quality Criteria for Dissolved Oxygen, Water Clarity and Chlorophyll a 
for the Chesapeake Bay and Its Tidal Tributaries (Regional Criteria Guidance). The 
development of the Regional Criteria Guidance was the realization of a key commitment in the 
Chesapeake 2000 agreement. In that agreement, the signatories (the states of Pennsylvania, 
Maryland and Virginia; the District of Columbia; the Chesapeake Bay Commission and the 
EPA) committed to, “by 2001, define the water quality conditions necessary to protect aquatic 
living resources.” New York Delaware and West Virginia agreed to the same commitment 
through a separate six-state memorandum of understanding with the EPA.  

 
The EPA, in the Regional Criteria Guidance, defined the water quality conditions called for in 
the Chesapeake 2000 agreement through the development of Chesapeake Bay-specific water 
quality criteria for dissolved oxygen, water clarity and chlorophyll a. The EPA also identified 
and described five habitats, or designated uses, that provide the context in which the EPA Region 
III derived adequately protective Chesapeake Bay water quality criteria for dissolved oxygen, 
water clarity and chlorophyll a. Collectively, the three water quality conditions provide the best 
and most direct measures of the effects of too much nutrient and sediment pollution on the Bay’s 
aquatic living resources—fish, crabs, oysters, their prey species and underwater bay grasses. 
These criteria were developed as part of a larger effort to restore Chesapeake Bay water quality.  
 

The Maryland Department of the Environment, as a partner working in good faith to fulfill the 
goals of the Chesapeake 2000 agreement, is currently in the process of promulgating the new 
Chesapeake Bay water quality standards to protect the Bay’s aquatic living resources within the 
State of Maryland.  This Use Attainability Analysis was developed by the Department to be a 
companion to the new Chesapeake Bay water quality standards (COMAR 26.08.01.01, 
26.08.02.02, 26.08.02.03-3, and 26.08.08.08).  This analysis describes the development and 
geographical extent of the designated uses to which the water quality criteria may apply, and as 
such serves as a resource to the State and its citizens to assist them in the monitoring, 
assessment, and protection of the Bays’ resources.  

 
The Use Attainability Analysis is not law or regulation; it is an assessment of the attainability of 
the current Bay water quality standards as well as the newly proposed water quality standards. 
 
Purpose:  
This use attainability analysis is provided to support the proposed water quality regulation at 
COMAR 26.08.02.03-3 §C (7)(f)   
 
Executive Summary: 
The current designated use for the Patapsco River (including Baltimore Harbor) is Use I, 
meaning that the water quality should be expected to support aquatic life and provide for 
recreation in and on the water.  The Chesapeake Bay Program in collaboration with the Bay 
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Watershed States (MD, VA, PA , NY, DE, and Washington D.C.) have recently developed new 
water quality standards for the Bay mainstem and its tidal tributaries, including the Patapsco 
River.  The new standards proposes up to 4 designated uses for the Patapsco River applied 
spatially and temporally based on the needs of living resources and the hydrology and 
bathymetry of the Patapsco River. 
 
An analysis of the existing water quality data indicates that the dissolved oxygen criteria for the 
deep channel seasonal refuge use (instantaneous minimum of 1.0 mg/L, applied June 1 to 
September 30) cannot be met, even after projected nutrient reductions from point sources (based 
on implementation of ENR to achieve 3 mg/L TN) and the application of the Tributary Strategies 
reductions for nonpoint sources.  The current best projections of the water quality model indicate 
a minimum 70% exceedence rate in the deep channel seasonal refuge designated use.  The 
dissolved oxygen criteria for the open water designated use, which applies from October 1 to 
May 31, is projected to be attained within the accepted biologic reference curve.    
 
The application of 40CFR§131.10(g) use attainability factors 1, 3, and 4 are necessary based on 
the analyses of existing water quality data and the Chesapeake Bay water quality model’s 
calculations of expected conditions following nutrient reductions projected by the 
implementation of the Tributary Strategies.   Further, this analysis is supported by examining the 
historical background of Army COE activities conducted in the Patapsco River pursuant to the 
Federal Rivers and Harbors Act of 1852 and its subsequent reauthorizations.  Therefore, the 
Department of the Environment is proposing a modification of the designated uses and criteria 
within the Chesapeake Bay Segment “Patapsco River Mesohaline (PATMH)”.  The proposed 
modification is to the dissolved oxygen criteria for the deep channel seasonal refuge designated 
use from an instantaneous minimum of 1.0 mg/L to an instantaneous minimum of 0.0 mg/L 
applied temporally and spatially from June 1 to September 30.   The proposed modification will 
result in a further subcategorization from the designated use subcategory of “Deep Channel 
Seasonal Refuge” to a limited use subcategory of “Navigation Channel”, thus removing the 
support of aquatic life use normally required by water quality standards. 2a/page_01.htm 
 
Introduction to Use Attainability Analysis: 
The Water Quality Standards Regulation (40 CFR 131.3) defines a UAA as “…a structured 
scientific assessment of the factors affecting the attainment of a use which may include physical, 
chemical, biological, and economic factors…” (40 CFR 131.10[g]). The Water Quality 
Standards Regulation requires a state to conduct a UAA when it designates uses that D.O. not 
include those specified in Section 101(1)(2) of the Federal Water Pollution Control Act. The 
regulation at 131.10(j) provide that a state must conduct a use attainability analysis (UAA) 
whenever: 

the State designates or has designated uses that D.O. not include those specified in CWA 
Section 101(a)(2); or 
the State wishes to remove a CWA Section 101(a)(2) use, or to aD.O.pt subcategories of 
uses specified in CWA Section 101(a)(2) which require less stringent criteria. 

 
States may remove a designated use which is not an existing use, as defined in Sec. 131.3, or 
establish sub-categories of a designated use, if the State can demonstrate that attaining the 
designated use is not feasible because: 
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(1) Naturally occurring pollutant concentrations prevent the attainment of the use; or 
(2) Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the discharge 
of sufficient volume of effluent discharges without violating State water conservation 
requirements to enable uses to be met; or 
(3) Human caused conditions or sources of pollution prevent the attainment of the use 
and cannot be remedied or would cause more environmental damage to correct than to 
leave in place; or 
(4) Dams, diversions or other types of hydrologic modifications preclude the attainment 
of the use, and it is not feasible to restore the water body to its original condition or to 
operate such modification in a way that would result in the attainment of the use; or 
(5) Physical conditions related to the natural features of the water body, such as the lack 
of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water 
quality, preclude attainment of aquatic life protection uses; or 
(6) Controls more stringent than those required by 33 USC 1301 §§ 301(b)(1)(A) and (B) 
and 306 of the Act would result in substantial and widespread economic and social 
impacts. 

 
The Water Quality Standards Regulation also specifies that any change in designated uses must 
show that the existing uses are still being protected.  “Existing uses” means those uses actually 
attained in the water body on or after November 28, 1975, whether or not they are included in 
the water quality standards.  Existing uses can include those uses (i.e. fishing, swimming, 
navigation) people make or have made sometime since November 1975, whether or not the water 
quality supports that use; and/or uses that the water quality is good enough to support, unless 
there are physical problems, such as substrate or flow, that prevent use attainment.   
 
Patapsco River Existing Use (Navigation Channel) - Historical Background: 
 
In 1830, the Patapsco River was surveyed and it was determined that the controlling depth was 
17 ft from the Chesapeake Bay to Fort McHenry.  By 1836, Congress appropriated funds to 
dredge the entrance channels for the Baltimore Harbor, although no channel dimensions were 
specified in the law. Dredging was completed in 1838.  This was the initiation of dredging 
activity in the Patapsco River to enable Baltimore Harbor to remain a productive commercial 
port. The following table is a summary of major activities under the Federal Rivers and Harbors 
Act. 
 
Table 1.  Timeline of major ACOE activities pursuant to Federal Rivers and Harbors Act 
 
1852 Rivers & Harbors Act of 1852 authorized a channel 22 ft deep by 150 ft wide from Fort 

McHenry to the Chesapeake Bay off Swan Point. 
1892 A 27-ft-deep Federal channel to Curtis Bay was authorized and completed 
1903 The main Patapsco River channel was deepened to a 30-ft depth. 
1917 The Act authorized the branch channels to 35 ft deep and 250 ft wide to the head of 

Curtis Bay, 35 ft deep by 400 ft wide from Fort McHenry to the Ferry Bar, then 27 ft 
deep by 50 ft wide to the Western Maryland Railway Bridge. The Act also authorized 
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Federal maintenance of a 35-ft channel in the Northwest Branch . 
1930 The Act authorized the deepening of the Baltimore Harbor channel depth to 37 ft for the 

York Spit Channel in Virginia and channels from the Baltimore Light to the Sparrows 
Point entrance. The Act also authorized widening the channel angles between Fort 
McHenry and the Ferry Bar Section and increasing the channel width to 400 ft for the 
Curtis Bay Section. 
 

1945 The Act authorized increasing the channel depth to 39 ft deep and 1,000 ft wide in the 
Cape Henry and York Spit Channels in Virginia, and to 39 ft deep and 600 ft wide from 
the Craighill Entrance to Fort McHenry. The 1945 Act also authorized the dredging of 
Curtis Creek to 35 ft deep and 200 ft wide from the head of Curtis Bay to the 
Pennington Avenue Bridge. 

1958 The Act authorized the deepening of the main channel to 42 ft and widening the 
channels from the Craighill Entrance to Fort McHenry from 600 to 800 ft and the 
deepening and widening of the Curtis Bay and Ferry Bar Channels of the Harbor to 42 ft 
deep and 600 ft wide. 

1970 The Act authorized deepening the main channel from Cape Henry to Fort McHenry, and 
the Curtis Bay Channel to 50 ft, and deepening the Northwest Branch East and West 
Channels to 49 and 40 ft, respectively. 

Source:  http://www.nab.usace.army.mil/projects/Maryland/DMMP/history.html 
 
Existing Conditions (Water Quality):   
Dissolved Oxygen 
The following plots show the calibration of the Baltimore Harbor D.O. against observed data 
from 1992 to 1997.  Note the anoxic conditions of the Harbor in the bottom layer at each station 
during the summer months.  Anoxic conditions may start as early as as March in the Inner 
Harbor and May in the Middle of the Harbor Channel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Harbor Mouth
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Sensitivity Scenarios and Other Scenarios 
 

Channel 

Inner Harbor 
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Note:  For the graphs above, the light gray lines represent the Chesapeake Bay Model Release 
4.3, the dark gray lines represent the MDE adaptation of the Chesapeake Bay Model 4.3, and the 
open circles represent the data collected by the Department. 
 
A number of sensitivity scenarios were run using MDE adaptation (MDE had finer resolution 
grid for the Patapsco River) of the Chesapeake Bay Model Release 4.3. The following sensitivity 
scenarios were run using the calibrated model to estimate the influence of the different loadings 
sources and to estimate the extend of impairments due to natural conditions and/or man-made 
conditions. 

1) Chesapeake Bay Program (CBP) Load Allocation; 
2) CBP Allocation with MDE nonpoint source (NPS) reductions; 
3) CBP Allocation with MDE NPS and CBP- “E3” (Everything, everywhere, by everybody) 

point source (PS) reductions; 
4) CBP Allocation with MDE NPS and current permits for PS; 
5) CBP Allocation with MDE NPS and “Enhanced Nutrient Removal Strategy” (ENR) PS; 

and 
6) Tributary Strategy (MDE proposed total maximum daily load scenario – results 

shown in table below): 
� Baltimore Harbor Loads 
– Point Source  

• Flow: Maximum permit flow, and 
• Major Municipal PS – ENR: total nitrogen(TN): 4 milligrams/liter 
annual average:  (3 milligrams/liter from May – October; 5 
milligrams/liter from November - April), and total phosporus (TP): 0.3 
milligrams/liter  
• Minor Municipal PS – ENR:  TN: 18 mg/L; TP: 3 mg/L 
• Industrial PS – CBP Tier III Scenario loads 

– Nonpoint Source 
•MDE’s “Hydrodynamic Simulation Program – Fortran” model outputs x 
Pass Through Efficiency 
•Pass Through Efficiency = CBP allocation/CBP calibration 
TN=0.33 TP = 0.33 

 
Scenario Results 
D.O. attainment check for the proposed “Deep Channel Seasonal Refuge” use:  
 

Patapsco River Mesohaline       D.O. Percent non-attainment MDE Calibration,  
CBP Allocation  
and Possible  
TMDL Scenarios 

Deep Water 
June to 

September 

Deep Channel 
June to 

September 

Open Water 
June to  

September 

Migratory Fish 
February to May 

Open Water 
October to 

January 

1CBP allocation 
with MDE  
projected NPS 
and ENR-PS 

 7 (3 mg/L)  79 0 0 0 
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1. This scenario represents the current Tributary Strategies reduction based on N and P allocations produced by the 
Chesapeake Bay Program (Model Release 4.3). The D.O. attainment check was run against the proposed criteria for 
each applicable designated use subcategory.  A restoration variance of 7% applied temporally and spatially has been 
proposed for the “Deep Water Seasonal Fish and Shellfish” use, based on those same model runs. 
 
 
 
Benthic Characterization: 
The existing benthic community in the Outer and Inner Harbor deep-dredged channels can be 
characterized as unstable due to frequent disturbances, such as the 42-foot dredging project, 
annual maintenance dredging and prop-washes associated with ship movements, and is thought 
to consist primarily of opportunistic species.  The community likely to recolonize in the deep 
dredged channels would be similar in nature to the existing benthic community, since the 
existing benthic community is unstable and frequently disturbed, and recolonization may occur 
within a relatively short time.   
 

Conclusions: 

Due to significant non-attainment (77% when point sources are at E3) resulting from Federally-
authorized hydrologic modification under the Rivers and Harbors Act and a complex pattern of 
tidal circulation that move hypoxic and anoxic waters from the Bay’s main channel into the 
Patapsco through advection, the State has determined that further refinement of the designated 
use to support only benthic species that are tolerant to periods of hypoxia and/or anoxia during 
the seasonal application period of June 1 to September 30 is the highest attainable use in this 
water body segment during this period.  Therefore, the State has proposed a “Navigation 
Channel” designated use subcategory with the applicable D.O. criteria being 0 mg/L from June 1 
to September 30 inclusive.  The geographic extent of this narrowly structured use is confined to 
the dredged channels that begin at the mouth of the Patapsco River (confluence with the 
Chesapeake Bay), and continuing in to the Curtis Bay and Creek, and the Middle and Northwest 
Branchs. 
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FOREWORD  
 
States, Tribes, and Regions need to share information about regulatory tools for facilitating 
progress towards meeting Clean Water Act goals, particularly in impaired waterbodies. 
Attainment of water quality standards may, in some instances, require relatively long time 
frames (e.g., greater than five years) to achieve the State’s designated use. For example, this 
situation may occur with the following types of sources throughout the United States: 
 

• Combined sewer overflows (CSOs) 
• Pollution by legacy contaminants (e.g., PCBs, dioxins, some metals) 
• Abandoned mines 
• Urban and agricultural land use impacts (e.g., nonpoint sources) 
• Nutrient enrichment 
• Some industrial and POTW discharges of toxic pollutants 

 
Some of these types of sources, such as periodic discharges from CSOs or nonpoint sources, may 
cause temporary non-attainment of specified designated uses. For some pollutants, a relatively 
long time frame may be required to alleviate the impairments, such as PCB contamination or 
nutrient enrichment in bays, estuaries, lakes, and reservoirs. In some cases, there may not be 
sufficient scientific basis for determining what uses can be attained. There also may be cases 
where there is a common desire to improve conditions in the near term, even though the 
achievability, or time frame of achievability, of the water quality standards in the longer term is 
unknown or in question. In all of these cases, short-term mechanisms may provide a useful 
incentive to make environmental improvements over current conditions. When stakeholders 
believe they cannot achieve a long-term goal, some may resist the initiation of any 
improvements. 
 
Water quality standards must include designated uses consistent with the Clean Water Act goal 
of “protection and propagation of fish, shellfish, and wildlife and recreation in and on the water” 
unless there is an analysis supporting the assertion that it is not feasible to attain such a use. 
Water quality standards must also include specific criteria to protect the designated uses. 
Implementation of these water quality standards, through establishing permit limits on point 
source dischargers or developing “Total Maximum Daily Loads” (TMDLs) for point and 
nonpoint sources, must be aimed at the applicable water quality standard. TMDLs are plans to 
achieve the applicable water quality standard and cannot authorize a delay in meeting otherwise 
applicable regulatory requirements in and of themselves. However, mechanisms that do modify 
the regulatory requirements can be used in conjunction with a TMDL. 
 
There are several ways of adjusting aspects of a water quality-based program to facilitate 
implementation of water quality standards without removing the long-term designated use. 
Sometimes, these mechanisms are used in conjunction with one another to tailor a specific 
approach. First, States may revise their criteria to better reflect specific protection needs. States 
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may also adjust the wasteload and load allocation portions of their TMDL to obtain an 
achievable balance among sources. The next level is to examine use of schedules of compliance. 
These are addressed in the Clean Water Act and in U.S. EPA’s permitting regulations. They can 
apply to individual dischargers and, in more recent examples, to multiple sources. Ideally, 
schedules of compliance are authorized within the applicable water quality standards. States have 
also used authorizing state legislation and general permits to help establish and implement 
schedules of compliance. Finally, States can establish short-term goals, or variances, within their 
applicable water quality standards. These are facilitated by the same water quality standards 
regulatory requirements that allow removal of the long-term designated use, but are typically of 
reduced scope in terms of pollutants addressed, affected sources, and time of applicability. 
 
The tools presented here for use in attaining water quality standards can serve as alternatives to 
changing long-term underlying designated uses and criteria. The following case studies, 
developed by the States and EPA, provide initial examples of some approaches and tools that 
have been used or are proposed for use. These particular examples focus on approaches that 
combine schedules of compliance with adjustments to criteria. EPA will continue to work with 
States to prepare case studies that illuminate the spectrum of approaches that utilize the 
flexibility built into the water program to achieve important objectives. 
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Santa Monica Bay Bacteria 
 
Background Information 
 
Santa Monica Bay lies offshore of Los Angeles County, California. The Los Angeles Regional 
Water Quality Control Board developed a TMDL to address documented bacterial water quality 
impairments at 44 beaches located along the coast from just south of Palos Verdes Peninsula 
north to the Los Angeles/Ventura County line. The Santa Monica Bay Beaches Wet-weather 
Bacteria TMDL was designed to preserve and enhance the water quality at Santa Monica Bay 
beaches during wet-weather conditions, which are defined as days with 0.1 inch or greater 
rainfall and the three days following the rainfall event. A separate TMDL was developed for dry 
weather conditions.  
 
An estimated 55 million people visit the Santa Monica Bay beaches each year. The primary 
issues associated with bacterial contamination of the beaches include the health of swimmers and 
surfers who use the beaches for recreation, the cost of health care associated with illness 
originating from use of the water, and economic impacts to local economies when beachgoers go 
elsewhere. For example, visitors to the beaches spent an estimated $1.7 billion locally in 2002. 
 
Many of the beaches along Santa Monica Bay were listed on California’s 1998 section 303(d) 
list because elevated levels of coliform or beach closures associated with bacteria prevented the 
full support of the beaches’ designated use for water contact recreation. A consent decree 
between the U.S. Environmental Protection Agency (EPA), Heal the Bay, Inc., and BayKeeper, 
Inc. was approved on March 22, 1999. As a part of the court order, EPA established a schedule 
to complete a TMDL to reduce bacteria at Santa Monica Bay beaches. Water quality standards, 
which are the basis for the targeted reduction in bacteria from dischargers identified in the 
TMDL, are set at a level to ensure that the risk of illness to the public from swimming at Santa 
Monica Bay beaches will be less than 19 illnesses per 1000 swimmers. This level of risk is 
consistent with EPA recommended acceptable health risk levels for marine waters. 
 
Runoff from storm drain systems was determined to be the primary source of bacterial 
contamination leading to bacterial water quality impairments at the Santa Monica beaches. 
Elevated levels of bacterial indicators in stormwater runoff from the storm drain system has been 
linked to sanitary sewer leaks and spills, runoff from homeless encampments, pet waste, illegal 
discharges from recreational vehicle holding tanks, and malfunctioning septic tanks and urban 
runoff. Additional sources of elevated bacteria to marine waters could also include direct illegal 
discharges from boats, malfunctioning septic tanks, illicit discharges from private drains, and 
swimmer wash-off. It is also important to note that the bacteria indicators that are used to assess 
water quality are not specific to human sewage. Other possible sources that can contribute to the 
elevated bacterial indicator levels are fecal matter from animals and birds, vegetation, and food 
waste. 
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Treating elevated bacteria concentrations in stormwater runoff from semi-arid urban areas poses 
significant challenges because of the ubiquitous nature of bacteria in the urban environment 
coupled with the nature of storms and stormwater runoff in the semi-arid Los Angeles Region. 
Local wet weather characterizations have shown elevated concentrations of bacteria from every 
type of land use, making it difficult to prioritize and focus implementation measures in specific 
geographic areas. Additionally, short, intense storms that create large peak flows and volumes 
characterize the semi-arid Los Angeles Region. These large flows and volumes are difficult to 
capture and treat at one point. The Los Angeles Regional Board recognized this challenge and 
the need to implement stormwater capture-and-treat measures at multiple points throughout the 
watershed to meet TMDL requirements. Given the lengthy and complex planning process that 
would be required to implement a multi-benefit, watershed approach, the Regional Board 
proposed a unique “reference system/antidegradation” (using their terminology) approach 
combined with a relatively long implementation schedule, described below. 
 
Approach 
 
California establishes water quality standards, in part, through amendments to Regional Board 
“Basin Plans”. In this case, two amendments served as the water quality standards mechanisms 
that facilitated this approach: one was a general authorizing provision for schedules of 
compliance and the other was a specific procedure to adjust an aspect of a water quality criterion. 
On February 10, 2004, EPA approved an amendment to the “Basin Plan” for the coastal 
watersheds of Los Angeles and Ventura Counties, which authorized inclusion of compliance 
schedules in NPDES permits. Although adoption of such policies is optional for a state, such 
implementation policies are subject to EPA review and approval under Clean Water Act (CWA) 
section 303(c). The amendment specifies that where the Regional Board determines it is 
infeasible for an existing discharger to achieve immediate compliance with an effluent limit 
specified to implement a new, revised or newly interpreted water quality standard, the Regional 
Board may establish a compliance schedule to implement a TMDL. An authorized compliance 
schedule must include a time schedule for completing specific actions and be based on the 
shortest time possible to achieve compliance. 
 
For the Santa Monica beaches, the Regional Board proposed a wet weather TMDL to be 
implemented over a period of 10 to 18 years. The relatively long implementation schedule allows 
the use of an integrated water resources approach that takes a holistic view of regional water 
resources management by integrating planning for future wastewater, storm water, recycled 
water, and potable water needs and systems; focuses on beneficial re-use of storm water, 
including groundwater infiltration, at multiple points throughout a watershed; and addresses 
multiple pollutants that impair the Santa Monica Bay or its watershed. Although the general 
authorizing provision for schedules of compliance is an approved water quality standard, the 
specific implementation schedule for this TMDL was not subject to a specific water quality 
standards review action. 
 
A unique aspect of the wet-weather TMDL is the “reference system/antidegradation approach” 
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adopted as a water quality standard. On June 19, 2003, EPA approved the “reference 
system/antidegradation approach” and “natural sources exclusion approach,” included as 
amendments to the Basin Plan, as implementation procedures for the single sample 
bacteriological objectives. A certain number of daily exceedances of the single sample bacteria 
objectives is allowed based on historical exceedance levels at existing shoreline monitoring 
locations, including a local reference beach within Santa Monica Bay. This approach recognizes 
natural sources of bacteria that may cause or contribute to exceedances of the single sample 
bacteria objectives. The Regional Board did not intend to require treatment or diversion of 
natural creeks or treatment of natural sources of bacteria from undeveloped areas. This reference 
system/anti-degradation approach is designed to ensure that human-generated sources of bacteria 
and natural bacteria conveyed by human activities (e.g., storm water conveyances) do not cause 
or contribute to an exceedance of water quality standards. Additional data collection will allow 
the Regional Board to better understand the contribution of naturally occurring bacteria and 
refine the numeric target to address the natural sources or to adjust the objectives to recognize 
naturally occurring exceedances. Arroyo Sequit Canyon, which drains to Leo Carrillo Beach was 
proposed as the initial reference system. Arroyo Sequit Canyon is largely undeveloped with 
about 98% open space and little evidence of human impact. The reference beach approach 
ensures that water quality is at least as good as that of the reference beach.  
 
Although not subject to formal EPA review under CWA Sections 303(c) or 303(d), the Regional 
Board formally adopted a TMDL implementation schedule within a package of amendments to 
their “Basin Plan”. The implementation schedule contains the following flexibility:  
 

• The use of the reference approach that allows a number of exceedance days based on 
exceedances in an undeveloped reference watershed 

• A re-opener in 4 years that allows for additional science to modify the implementation 
plan 

• Allowance for a longer implementation plan (up to 18 years) if the cities utilize an 
integrated resource approach that involves watershed-wide storage and re-use and onsite 
treatments instead of traditional engineering approaches of capture, treatment, and 
discharge  

 
Boundaries of Application 
 
The California approach relies on the use of reference conditions to distinguish between natural 
and human-caused bacterial contamination of Santa Monica Beaches. Long-term implementation 
is required to allow time for the incorporation of changes using a multi-benefit watershed based 
approach. The watershed approach will strive to incorporate groundwater recharge, water re-use 
throughout the watershed, and integrate wastewater, storm water, recycled water, and potable 
water needs throughout the basin feeding Santa Monica Bay. 
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This application required multiple levels of approval since it was adopted as a water quality 
standards action. This entails multiple reviews, citizen and stakeholder input, public meetings, 
and formal Regional and State Board meetings. It is important to note that the “reference 
system/antidegradation approach” was formally adopted in the California Water Quality 
Standards. In this case, the adoption of the approach mostly occurred prior and/or concurrently 
with the adoption of the TMDL. The selection of the reference locations is critical and should 
reflect waters with no or virtually no anthropogenic impact. In using this approach, care must be 
taken in selecting the reference location. They should not be selected solely because they are the 
best, but degraded, conditions present in human-influenced systems. 
 
Resources/References 
 
California Regional Water Quality Control Board, Los Angeles Region. 2002. Santa Monica Bay 
Beaches Wet-weather Bacteria TMDL, California Regional Water Quality Control Board, Los 
Angeles Region, California Environmental Protection Agency, Los Angeles California. 
 
California Regional Water Quality Control Board, Los Angeles Region. 2002. Amendment to the 
Water Quality Control Plan (Basin Plan) for the Los Angeles Region to Incorporate 
Implementation Provisions for the Region’s Bacteria Objectives and to Incorporate a Wet-
weather Total Maximum Daily Load for Bacteria at Santa Monica Bay Beaches, Resolution No. 
2002-022, California Regional Water Quality Control Board, Los Angeles Region, California 
Environmental Protection Agency, Los Angeles California. 
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Long Island Sound Dissolved Oxygen 
 
Background Information 
 
The Connecticut Department of Environmental Protection (CTDEP), the New York State 
Department of Environmental Conservation, and the U.S. Environmental Protection Agency 
(EPA) have identified nitrogen as the primary pollutant leading to summertime hypoxia (low 
dissolved oxygen) in Long Island Sound bottom waters. While nitrogen is essential to a 
productive ecosystem, too much nitrogen fuels the excessive growth of algae. When the algae 
die, they sink to the bottom, where they are consumed by bacteria. The microbial decay of algae 
and the respiration of oxygen-breathing organisms use up the available oxygen in the lower 
water column and in the bottom sediments, gradually reducing the dissolved oxygen 
concentration to unhealthy levels. Dense algal blooms also can inhibit light penetration, 
preventing sufficient light from reaching the bottom in shallow areas to support the growth of 
submerged aquatic vegetation, an important habitat for shellfish and juvenile fish. Consequently, 
excessive nitrogen impairs the function and health of Long Island Sound.  
 
Dissolved oxygen levels in the deep waters of Long Island Sound below the seasonal pycnocline 
routinely fall below 2 mg/L in the summer months. These levels are too low to sustain important 
fish and shellfish populations in the sound. State water quality standards for dissolved oxygen 
were 6.0 mg/L for Connecticut waters and 5.0 mg/L in the New York portion. Connecticut and 
New York developed the Long Island Sound nitrogen TMDL to address the hypoxia problem.  
 
The baseline nitrogen load delivered to Long Island Sound from New York and Connecticut was 
estimated to be about 48,000 tons of nitrogen per year. The TMDL, which was jointly 
established by Connecticut and New York in December 2000 and approved by the EPA in April 
2001, specifies that almost 24,000 tons of the nitrogen originating in New York and Connecticut 
from human sources and delivered to the sound in the baseline year be reduced by 2014. This 
translates into a reduction of 58.5% from the human-caused sources of nitrogen from New York 
and Connecticut. 
  
The TMDL specifies that point and non-point source discharges in New York must remove about 
17,150 tons per year by 2014. In Connecticut, point source dischargers will be required to 
remove about 6,670 tons of nitrogen annually from their effluent streams prior to discharge to 
Long Island Sound or its tributaries. About 400 tons of nitrogen are targeted to be removed from 
non-point sources, primarily urban stormwater runoff. To meet the Wasteload Allocation 
established in the TMDL for Publicly Owned Treatment Works (POTWs) in Connecticut, 79 
POTWs will have to upgrade facilities such that the group will collectively meet the nitrogen 
reduction requirements.  
 
Approach 
 
Connecticut used a three-pronged approach to improve the hypoxic conditions in Long Island 



Long Island Sound Dissolved Oxygen 

  March 2005 2

Sound to meet water quality standards for aquatic life support uses: 
 

• Adopting appropriate dissolved oxygen criteria for bottom waters 
• Establishing a TMDL that incorporates a phased implementation plan 
• Implementing a nitrogen trading program to facilitate load reductions 

 
Connecticut recognized that their existing general water quality criteria for dissolved oxygen, 
which was 6.0 mg/L at any time, was not appropriate for application to deep waters of the sound 
below the seasonal pycnocline during the summer months. Due to natural circulation patterns 
and the large (>16,000 sq. mi.) watershed draining into the sound, dissolved oxygen levels below 
6 mg/L in bottom waters are an expected natural occurrence when the sound stratifies during the 
summer months. This condition would exist even in the total absence of human derived nitrogen. 
Federal guidance (Ambient Aquatic Life Water Quality Criteria for Dissolved Oxygen 
(Saltwater): Cape Cod to Cape Hatteras (USEPA, 2000) provided a comprehensive evaluation 
of the effects of dissolved oxygen on aquatic life along the Atlantic coast that was necessary to 
support the State’s adoption of a dissolved oxygen criteria that more closely reflects natural 
conditions and protects the biological integrity of the sound. Connecticut’s criteria was approved 
by EPA in May 2001.  
 
Both New York and Connecticut have committed to a phased implementation of the TMDL that 
will be accomplished in three steps with 5-year incremental reduction targets. Beginning in 1999, 
the two states are required to reduce their annual nitrogen discharges to the Sound toward a goal 
of 58.5% of baseline or about 24,000 tons at the end of 15 years. The phased implementation 
requires implementing controls to achieve: 
 

• 23.4% reduction (40% of goal or about 9,534 tons) by August 2004 
• 43.9% reduction (75% of goal or about 17,876 tons) by August 2009 
• 58.5% reduction (100% of goal or about 23,834 tons) by August 2014 

 
Recognizing that the total nitrogen load entering the Sound from human sources is dominated by 
point source discharges and that point sources also hold the greatest management potential, 
Connecticut set a goal to meet the overall reduction by implementing technologies and strategies 
to sewage treatment facilities with an aggressive cumulative goal of 64% nitrogen reduction 
from municipal POTWs. Connecticut evaluated traditional approaches to facilitating the nitrogen 
reductions at POTWs that require specific waste load allocations to be applied to individual 
facilities. The traditional approach would require facility upgrades at all POTWs to meet the 
reduced nitrogen loads specified in the waste load allocation in accordance with the NPDES 
regulations governing issuance of individual permits to each facility. Connecticut’s assessment 
found that regulatory costs would be significant (due primarily to the need to negotiate and 
reissue 79 individual permits to include nitrogen reduction requirements and compliance 
schedules), overall capital improvement costs would be prohibitive (since the cost-effectiveness 
of individual upgrades and local concerns regarding financing could not be considered), and that 
there is not sufficient building capacity to make the simultaneous improvements across all 79 
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plants in time to meet the TMDL schedule. 
 
The CTDEP asked the state legislature to approve a unique Nitrogen Credit Exchange Program. 
Nitrogen trading was proposed as an innovative and cost effective method to meet the necessary 
reductions identified in the TMDL. Public Act 01-180 was passed in 2001 and codified in the 
Connecticut General Statutes, Sections 22a-521 through 527. These statutes authorized DEP to 
issue a General Permit for Nitrogen Discharges and establish a Nitrogen Credit Exchange. The 
statute also established authority to convene a Nitrogen Credit Advisory Board composed of 
State Agency representatives (Treasury, Policy and Management, DEP) and appointed members 
representing municipalities involved in the program.  
 
The Nitrogen Credit Exchange provides DEP with the flexibility it needs to minimize the costs 
associated with implementing the TMDL and meeting the water quality goals for Long Island 
Sound. The credit exchange program encourages municipal dischargers to maximize nitrogen 
removal using their existing facilities and provides an incentive for municipalities to implement 
cost-effective “retrofits” or design and build complete facility upgrades to enhance nitrogen 
removal. Under the terms of the General Permit for Nitrogen Discharges that regulates the 79 
municipal facilities covered by the Exchange Program, each facility is assigned an annual 
allocation based on a percentage reduction from their baseline load. The annual allocation 
decreases each year reflecting anticipated cumulative progress towards meeting the 2014 TMDL 
goal expected as new facilities for nitrogen removal come on-line at various locations around the 
state. Each facility’s annual allocation is thereby linked to the performance of all other plants in 
the State. Facilities that remove more than their annual allocation receive credits that are sold to 
the State. Facilities that discharge more nitrogen than their allocation must purchase credits from 
the State to remain in compliance with the General Permit.  
 
The value of a credit is established each year based on the capital and operation and maintenance 
costs for nitrogen treatment at facilities that have completed nitrogen removal projects financed 
by the State Clean Water Fund relative to the load of nitrogen removed by those projects. 
Because the annual allocations to each facility decreases each year and the value of a credit 
increases (as more expensive projects are completed and more facilities incur operational 
expenses) the incentive to implement additional projects grows with the need to implement more 
costly projects to achieve the TMDL goal. The exchange program also accounts for geographical 
differences in the impact of nitrogen discharged by POTWs within the watershed (e.g., nitrogen 
discharged in New London in the eastern sound has about 18% of the impact to dissolved oxygen 
that nitrogen from Norwalk which is located near to the area of hypoxia). The end-of-pipe 
nitrogen loads at each facility is equalized using trading rations that reflect the relative impact on 
dissolved oxygen noted above to produce “equivalent nitrogen credits.” All trades are based on 
equivalent credits to ensure progress is measured against improvements in Long Island Sound. 
Potential local impacts from nitrogen are evaluated when the individual NPDES permits are 
reissued and compliance with limits to protect local water quality cannot be met through trading. 
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The EPA Approval Process and State Implementation included the following steps: 
 

• CTDEP and NYDEC jointly established the TMDL in December 2000 
• CTDEP adopted dissolved oxygen criteria for offshore coastal waters on February 21, 

2001 
• EPA approved Connecticut’s dissolved oxygen criteria for offshore coastal waters on 

May 10, 2001 
• EPA approved the TMDL approved in May 2001. 
• The Connecticut legislature adopted Legislation authorizing the General Permit and 

Nitrogen Exchange Program on July 6, 2001 
• CTDEP issued the General Permit for Nitrogen Discharges in January 2002 

 
The Nitrogen Credit Exchanges have been successfully executed for 2002 and 2003 trading 
years. 
 
Boundaries of Application 
 
Connecticut’s approach, which centers on the Nitrogen Credit Exchange Program, required 
considerable public, municipal government and legislative buy-in prior to implementation. 
Frequent consultation and close coordination with EPA Region 1 was also critical to 
implementing the approach. The key to the program was the State legislation that authorized the 
creation of the Nitrogen Credit Exchange and creation of the Nitrogen Credit Advisory Board.  
 
The operation of the credit exchange also requires the state to provide funds to purchase excess 
credits if Connecticut facilities collectively reduce greater amounts of nitrogen than the General 
Permit requires in a given year. For example, in the first year of trading, statewide facility 
structural and operational improvements resulted in removal of greater than 400 tons of nitrogen 
(equalized credits to the hypoxic area) less than projected when the annual allocations for 2002 
were established in the General Permit. As a result, the State was required to disburse nearly 1.3 
million dollars to purchase the excess credits generated. In 2003, loads were closer to projected 
expectations and approximately $300,000 was expended to purchase excess credits. In the event 
that the annual target is not met, funds from the sale of credits will exceed funds disbursed to buy 
credits and the Nitrogen Credit Advisory Board is empowered to use this money to fund research 
or other activities to promote nitrogen reduction efforts.  
 
Changes to the Connecticut water quality criteria were possible because sound scientific studies 
were available to support this effort. State and federal partnerships that supported the scientific 
research on dissolved oxygen needs to support aquatic life in salt water led to EPA issuing the 
revised aquatic life criteria guidance upon which Connecticut’s criteria are based. Studies, such 
as the National Estuary Program’s Long Island Sound Study, contributed to a better 
understanding of the impacts of continuous and cyclic changes in dissolved oxygen to salt water 
aquatic life. Without this scientific support, the TMDL assumptions would change dramatically. 
 



Long Island Sound Dissolved Oxygen 

  March 2005 5

The CTDEP is experiencing faster than anticipated implementation of changes by facilities. 
Municipalities often appear motivated as much by the stigma attached to credit purchases as by 
the financial incentives incorporated into the program. This has resulted in more staff time to 
review design plans and process applications for facility modifications to improve nitrogen 
removal efficiency. Connecticut is also experiencing difficulties securing sufficient funding to 
meet the needs of all the facilities requesting capital through the State Revolving Fund to 
improve their processes to remove nitrogen. Although trading encourages implementing the most 
cost-effective measures first, achieving the TMDL goal will still require a significant public 
investment in treatment infrastructure. Nitrogen removal upgrade projects must compete with 
CSO remediation projects and other wastewater treatment infrastructure needs for a limited 
annual allocation of State Revolving Fund financing. The continued success of the program will 
depend in large part on maintaining a steady supply of financial support to municipalities to 
upgrade nitrogen treatment. 
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For additional information on Connecticut’s Water Quality Standards, Total Maximum Daily 
Load, and Nitrogen Credit Exchange Program, visit the DEP web site at 
http://www.dep.state.ct.us/wtr or contact us at (860) 424-3704. 
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