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Executive Summary 
 
The Windsor Water District (District) in California owns and operates a 2.25 MGD Water Reclamation 
Facility (WRF) that currently uses sludge ponds for storage and stabilization of the Waste Activated 
Sludge (WAS) and sludge generated by the Advanced Wastewater Treatment (AWT) clarifiers. The 
District established specific goals for their future solids management, including eliminating current 
reliance on outside contractors for biosolids disposal, increasing beneficial use of biosolids, reducing cost 
and carbon footprint associated with sludge disposal.  To achieve these goals, the District has selected 
biodyers and pyrolysis, which require thickening and dewatering prior to these processes. Hazen was 
tasked to review and evaluate thickening and dewatering technologies for the WRF. Hazen reviewed 
seven thickening and four dewatering technologies with the District, and shortlisted rotary drum 
thickeners (RDTs) and gravity belt thickeners (GBTs) for thickening, and centrifuges and belt filter 
presses (BFPs) for dewatering. A systematic evaluation, encompassing cost, sustainability, operational 
and maintenance needs, and performance, was conducted on the shortlisted technologies. In the 
evaluation process, Hazen acquired information including cost, footprint, technology specifications, 
coordinated bench tests with technology providers, and assessed greenhouse gas (GHG) emissions for 
each alternative. RDTs and centrifuges were selected for design based on the evaluation results. The 
design conditions were determined from the projection of solids production in year 2050. The thickening 
system (RDT) was designed to process waste activated sludge (WAS) and AWT sludge (0.6% solid 
content) at 30-day maximum condition in 2050 with one redundancy unit. The RDTs will be operated 
continuously. The dewatering system (centrifuges) was designed to process thickened sludge (2-3% solid 
content) at 7-day maximum condition in 2050 with one redundancy unit and be operated 32 hours per 
week. Dewatered sludge will be dried in biodryers and sequentially processed in pyrolysis units for 
biochar production, which will generate revenue for the District.  
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1. Introduction and Background Information 

The Windsor Water Reclamation Facility (WRF) at the Windsor Water District (District) serves a 
population of approximately 28,000 people and treats an average dry weather flow (ADWF) of 
approximately 1.3 MGD. The WRF utilizes sludge ponds for storage and stabilization of the Waste 
Activated Sludge (WAS) and sludge generated by the Advanced Wastewater Treatment (AWT) clarifiers. 
The sludge settles, and the organic matter is partially aerobically digested in the ponds. Two sludge ponds 
are typically in use: Ponds S1, and S3. Pond S2, originally designed as a third sludge pond, has been used 
only for effluent storage since 2002.  Currently, the WRF does not have any solids treatment processes 
(Fig. 1-1). 

 

 

Figure 1-1 Flow diagram of existing processes 

Sludge solids are removed from the bottom of the ponds once a year using a dredge. The dredged solids 
are pumped into the storage and decant tank for storage and equalization prior to dewatering (Fig. 1-1). 
The District employs a contractor to perform the biosolids dredging, mobile dewatering and land 
application and disposal. Hauling and off-site disposal of dewatered biosolids cake is also handled under 
the contract. Biosolids use is regulated under the state general biosolids order (Water Quality Order No. 
2004-12-DWQ). 

Hazen previously conducted a Feasibility Study on biosolids treatment and disposal, which recommended 
the implementation of biodrying and pyrolysis for the production of Class A biosolids and sustainable 
long-term biosolids management (Fig. 1-2). Mechanical thickening and dewatering processes are required 
to achieve the solids content required by the biodryers. Various thickening and dewatering technologies 
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are available on the market, and Hazen was tasked to design the solids treatment processes and select 
appropriate equipment based on the WRF’s needs and conditions.  

 

Figure 1-2 Process Flow Diagram of Biosolids Treatment at the WRF 

This Technical Memorandum (TM) aims to provide information on available thickening and dewatering 
technologies evaluated for the District and presents the selection of the thickening and dewatering 
technologies. A comprehensive technology evaluation, including economics, operation and maintenance, 
sustainability, and technical feasibility, was conducted with an interactive decision-making support tool 
HazenConverge. The TM also presents design conditions for thickening, dewatering and selected 
downstream processes including biodrying and pyrolysis.  

2. Review of Thickening and Dewatering Technologies  

2.1 Thickening Technologies  

Sludge thickening is a process in which the percent solid (%TS) increases, and the sludge volume is 
decreased by reducing the free, excess water content in sludge. The application of thickening process 
decreases the number of units needed in the downstream process, and in the case of the WRF, thickening 
is also crucial process to achieve required %TS for dewatering since the facility has a thin Waste 
Activated Sludge (WAS) and only has 0.6% solids.  

Thickening technologies has been applied widely in water reclamation facilities. However, considering 
the nature of the solids generated (only secondary solids), some technologies would be more favorable to 
the WRF.  Gravity thickening, dissolved air flotation, gravity belt thickener, rotary drum thickener, 
thickening centrifuges, screw thickener and disc thickeners were initially included in technology 
assessments. Below provides some general information about each thickening technology and more 
details diagrams and images of each technology reviewed can be found in Appendix A.  
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2.1.1 Gravity Thickening 

Gravity thickening increases the solids concentration by allowing the particles to settle to the base of a 
vessel, producing a concentrated (thickened) solids stream at the vessel base and a supernatant (diluted) 
stream at the surface. A sludge blanket is maintained by controlled removal which may be continuous at a 
low rate. A gravity thickener is similar to a conventional sedimentation tank in design, but has a steeper 
floor slope, which reduces raking problems by allowing a higher gravitational force. Gravity thickeners 
are widely used for primary and combined sludge, but less effective for WAS.  

2.1.2 Dissolved Air Flotation 

Dissolved air flotation (DAF) is a gravitational separation process in which air bubbles attach to 
suspended solid particles to cause the density of the bubble-solid agglomerates to be lower than water’s 
density and float to the surface. As solids rise and compaction occurs, a layer of thickened sludge forms at 
the surface of the DAF tank which is continuously removed by skimmers. DAF thickeners are commonly 
used for WAS but their use is decreasing due to high operation cost regardless of their effectiveness.  

2.1.3 Gravity Belt Thickener 

A gravity belt thickener (GBT) consists of a gravity belt that moves over rollers, driven by a variable-
speed drive unit. The sludge conditioned with polymer is evenly distributed across the width of the 
moving belt. The water drains through the belt as the concentrating sludge is carried toward the discharge 
end of the thickener. The belt travels through a wash cycle after the thickened sludge is removed. GBTs 
can be used to thicken primary sludge, WAS, combined sludge as well as digested sludge.  

2.1.4 Rotary Drum Thickener 

A rotary drum thickener (RDT) allows free water to drain through a porous media while retaining and 
thickening the flocculated solids on the media. The porous media typically consists of a drum with wedge 
wire, perforated plate, or woven stainless steel mesh screen. An RDT uses a rotating cylindrical drum 
with an internal screw to move the sludge along the length of the drum. An RDT consists of an internally 
fed drum with flights that assist in transporting the thickened solids to the discharge end of the drum. 
RDTs can be used to thicken WAS only, or to combined sludge.   

2.1.5 Thickening Centrifuges 

A thickening centrifuge operates by using centrifugal force to drive heavier solids towards the outside of 
the centrifuge bowl, while the lighter water remains in the center of the bowl. A concentric scroll is used 
to move the solids on the outside of the bowl towards the discharge end and the separated water is 
discharged from the opposite end of the unit. Centrifuge thickeners have high capital and power 
consumption costs compared to other mechanical thickening technologies, but they require lower polymer 
dosages for thickening. 
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2.1.6 Screw Press Thickener 

A screw press thickener consists of a drum screen with an internal rotating screw that can be used to 
thicken WAS only or combined sludge. A screw press thickener functions much like an RDT unit, 
achieving solid-liquid separation by coagulation and flocculation of solids and drainage of free water 
through porous media. A screw press thickener’s drum screen is stationary and utilizes an internal screw 
(independent of the screen) to convey the thickened solids through the screen High pressure backwash is 
used to clean and prevent blinding of the screen.  

2.1.7 Disc Thickener 

A disc thickener is an inclined, slowly rotating filter disc that consists of a perforated carrier disc covered 
with a micro filter. The filter disc is installed in a closed stainless-steel tank and divides the tank into a 
thickening zone and a filtrate collection zone. The pre‐flocculated sludge flows from the reactor onto the 
filter disc surface and settles on the filter surface while the filtrate water collects in the filtrate chamber 
and leaves the tank via the filtrate outlet. The rotational speed and inclination of the disc thickener is 
adjustable to the specific quality of the sludge to be thickened. Disc thickeners can be applied to the 
thickening of primary sludge, WAS, and combined sludge, and are reported to be suitable mainly for 
smaller facilities.  

2.1.8 Technology Comparison 

Hazen reviewed the commonly applied thickening options with the District as listed in Table 2-1 in a 
workshop and discussed their performance, loading capacity, advantages and disadvantages, and 
applicability to the WRF. Below table summarizes the findings. 

Table 2-1 Summary of Advantages and Disadvantages of the Thickening Alternatives 

Thickening 
Technology 

Typical 
Thickened WAS 
Solids Conc, % 

Advantages Disadvantages 

Gravity 
Thickener  

2-3 • Simplicity   
• Low power consumption   
• Low operating cost  
• Ideal for dense rapidly settling 

sludges such as primary and 
lime 

• Conditioning chemicals not 
typically required 

• Provides a degree of storage as 
well as thickening 

 

• Odor control   
• Large surface area required 

for WAS 
• Inconsistent thickening of 

secondary sludge 
• Not preferred option for 

WAS   
• Lower or limited thickened 

solids concentration for 
WAS 

 
Dissolved 
Air Flotation 

4-7 • Good thickening for WAS   
• Excellent solids capture with 

polymer   
• Can be effective without polymer 

addition 
• Effective for FOG 

• Odor control    
• Relatively high capital costs 
• High operating cost 
• Complex system 
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Gravity Belt 
Thickener 

4-8 • Simplicity   
• Consistent operations 
• Good solids capture and 

performance   
• Relatively low power use   
• Moderate capital cost 
 

• Odor potential   
• Housekeeping requirements  
• High filtrate volume 

(~20gpm/meter of belt width)  
• Polymer dependent (typical 

polymer dose for WAS is 5-
10 active lbs/dry ton) 

 
Rotary Drum 
Thickener  

4-7 • Efficient space requirements   
• Enclosed system   
• Low capital and power costs 
• Successful WAS thickening 
 

• Thickening performance is 
dependent upon polymer  

• High polymer dose rates (5-
15 lb/dry ton) 

• Low capacity per unit  
• High spray wash volume 

(depending upon the 
manufacturer can range 
between 20-100 gpm at 40-
100 psi) 

 
Centrifuge 
Thickener 

4-6 • Space requirements 
• Effective for WAS   
• Low odor  
• Automation for process 

performance 
• Will work without conditioning 

chemicals 
 

• Major maintenance occurs 
offsite   

• Relatively high capital cost   
• Moderate operator attention  
• High energy use  
• Vibration and noise 
• Best suited for continuous 

operation 
 

Screw Press 
Thickener 

4-8 • Efficient space requirements   
• Enclosed system   
• Low capital and power costs 
• Low maintenance requirements 
 

• High chemical usage  
• Low capacity per unit  
• Lower solids capture rate  
• Limited supplier 
 

Disc 
Thickener 

4-9 • Efficient space requirements   
• Enclosed system   
• Low capital and power costs 
• Low maintenance requirements 
 

•  High chemical usage  
• Low capacity per unit  
• Lower solids capture rate  
• Limited supplier 
 

 

2.2 Dewatering Technologies 

Dewatering process is an essential piece in biosolids management. It minimizes the biosolids volume for 
downstream processes and the amount that needs to be handled through the removal of water content of 
sludge. Chemical conditioning is required for dewatering units to enhance the solid/liquid separation and 
cake formation.  

Dewatering process is crucial for WRF’s solids treatment stream, as it is needed to achieve the %TS 
required by the downstream biodrying process. Per Workshop #1, Hazen has reviewed the following four 
dewatering technologies. Below includes short description of technologies and Appendix A provides 
supporting information including figures and pictures. 
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2.2.1 Dewatering Centrifuge 

A dewatering centrifuge operates by using centrifugal force to drive heavier solids towards the outside of 
the centrifuge bowl, while the lighter water remains in the center of the bowl. The g-force is applied to the 
sludge by rotating the bowl at high speeds. A concentric scroll is used to move the solids on the outside of 
the bowl towards the discharge end while the separated water is discharged from the opposite end of the 
unit. The scroll and the bowl are generally rotated at similar speeds with the scroll powered by a back 
drive that allows the scroll to move at a slightly different speed than the bowl, resulting in the conveyance 
of solids from the dewatering unit. Centrifuges can be provided in a variety of configurations, bowl 
diameters, and footprints. Due to the high-speed rotation, a detailed structural analysis needs to be 
conducted for the dewatering building. 

2.2.2 Belt Filter Press 

A belt filter press (BFP) dewaters sludge using two porous moving belts and a series of rollers to remove 
water content in gravity, wedge and high-pressure dewatering zones. In the gravity zone, water is drained 
by gravity through the upper belt. In the wedge zone, dewatering is performed through the lower and 
upper belt by steadily increasing pressure in the transition from the gravity drainage zone to the high-
pressure/high-shear zone. In the high-pressure zone, cake is sandwiched between the upper and lower 
belts, which pass together over and under a series of rollers of decreasing diameter. Due to the large 
number of mechanical components, BFPs typically require full time monitoring during operation and 
implemented as open systems. As a result, BFPs can be a significant source of odor and corrosive gases. 
An odor control hood exists over each BFP and can be utilized for a future BFP. 

2.2.3 Screw Press 

A screw press dewaters sludge a slow-moving shafted screw enclosed in a basket/drum, which is 
constructed of either a wire mesh or a perforated plate. Solids are compacted within the flights of the 
screw by increasing pressure, and free water is removed via the basket. Two types of screw presses are 
available for municipal sludge dewatering applications: horizontal and inclined. The largest models of 
horizontal screw presses are available with higher solids throughput capacities than inclined screw 
presses. A consistent sludge feed is also critical to press performance. 

2.2.4 Rotary Fan Press 

A rotary fan press (RFP) employs low feed pressure and friction to dewater sludge. The sludge is 
sandwiched between two parallel revolving filter elements. The filtering elements in an RFP rotate at low 
speed, generating a pressure differential and fictional resistance at the outlet to remove water content from 
sludge and produce cake. Due to the simplicity in its design, lower staffing and maintenance effort is 
required. Compared to other dewatering technologies, RFPs are less commonly used, especially for WAS, 
and their performance in dewatering WAS should be piloted.  
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2.2.5 Technology Comparison 

Hazen reviewed the four dewatering options with the District in a workshop and discussed their 
performance, loading capacity, advantages and disadvantages, and applicability to the WRF. Table 2-2 
summarizes the findings below. 

Table 2-2 Summary of Advantages and Disadvantages of the Dewatering Alternatives 

Thickening 
Technology 

Typical Cake 
Solids Conc, % 

Advantages Disadvantages 

Centrifuge  20-30 • Simplicity   
• Enclosed units 
• Small footprint 
• High cake solids 
• Common use 
 

• Odor generation with 
high shear 

• Variable efficiency for 
WAS 

• High water 
consumption 

• High energy 
consumption 

• Vibration 
• Operator attention 
 

Belt Filter 
Press 

15-18 • Simplicity   
• Low energy consumption 
• Moderate capital and O&M costs 
 

• Odor potential   
• Variable efficiency 
• Housekeeping 

requirements   
• Aerosol potential   
• High water 

consumption 
 

Screw Press 15-25 • Low energy use   
• Enclosed system   
• Simplicity   
• Low maintenance requirements 
 

• Larger footprint   
• Higher polymer use 
• Lower cake solids 
 

Rotary Fan 
Press  

20-30 • Low speed, low vibration low 
shear 

• Low energy use  
• Small footprint 
• Modular 
• Minimal moving parts 
• Minimal start up and shut down 

time 
• Odors contained 
 

• Generally lower solids 
content 

• Better with primary 
solids 

• Performance with 
WAS should be piloted 

 

2.3 Shortlisted Thickening and Dewatering Technologies 

The preselection process was conducted during Workshop #1, based on the District’s previous experience 
with each technology, compatibility with existing facilities and operational requirements.  

The District inquired whether any thickening or dewatering options that could avoid the use of polymer, 
concerning potential supply chain issue and reliance on petroleum-dependent products. Hazen noted that 
certain technologies, such as DAF, gravity thickeners, use small dosage or no polymer. However, they 
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would not be desirable options for the WRF since the ease of operation and O&M complexity is of high 
importance for the District. In comparison to other reviewed thickening technologies, RDT and GBT have 
more installations, require smaller footprint, have relatively simpler and more robust systems, and meets 
the District’s low maintenance requirement. Thus, RDT and GBT were shortlisted as thickening options 
for a comprehensive evaluation.  

For dewatering options, the dewatering process must be compatible with the biodryers to produce target 
solid content consistently. The District expressed interests in RFP due to its simplicity, small footprint 
and low energy cost. However, it had limited installations and piloting would be required to better 
understand its performance with WAS. Based on the technology review and the discussion of the 
District’s unique goals and needs, centrifuges and BFP was selected to move forward to the evaluation 
phase.  
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3. Technology Evaluation 

Hazen performed a systematic evaluation on the shortlisted thickening and dewatering technologies to 
select the best option for the WRF. Based on historical data review and future projection, Hazen 
established design criteria whilst coordinated bench scale testing with technology manufacturers and 
developed technology evaluation criteria in coordination with the District. The results of bench scale 
testing were used to size the units, chemical requirement and determine the capital and operational cost. A 
greenhouse gas (GHG) emission assessment was also performed as part of the evaluation based on the 
information provided by the manufacturers. The GHG emission, costs, technology information provided 
by the manufacturers and evaluation criteria were used as inputs in HazenConverge to compute a 
composite indicator, which illustrated the overall suitability of the technology for the WRF. Each 
component of the evaluation is explained in detail in the following sections.  

3.1 Evaluation Criteria 

The HazenConverge is a multi-criteria decision-making support tool, which computes a composite 
indicator for each alternative. It was used to compare the shortlisted thickening and dewatering 
technologies based on 15 criteria identified. These criteria are grouped under the following four 
categories: technical, sustainability, economic, and operation and maintenance. The criteria were initially 
developed by Hazen and then finalized in collaboration with the District. Below describes each category 
and Table 3-1 presents the description of each criterion, its assigned weight and scoring. 

1. Technical: Technical, performance, available vendors, and compatibility with downstream 
processes.    

2. Sustainability: Overall sustainability and environmental impacts of the technology including 
Green House Gas Emissions, Energy demand and odor concerns. 

3. Economics: Capital and operational costs for installation and operation of technology. 

4. Operation & Maintenance: Operational and maintenance requirements including staff and 
chemical needs and serviceability. 
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Table 3-1 Evaluation Criteria and Their Weights 

Category Criterion Criterion Description Scoring 
Criterion 
Weight  

(%) 

Technical 

Footprint  Space and area 
occupied.  

High scores coincide with smaller 
footprints and/or ability to efficiently 
utilize the space of Pond 4. Low scores 
coincide with large footprints. 

5 

Manufacturer 
References Previous installations 

High scores will be assigned to 
technologies that have been commonly 
used. Low scores will be assigned to 
those that have few installations. 

2.5 

Compatibility 
with 
Downstream 
Processes  

Ability to be retrofitted 
with downstream 
processes  

High scores will be given to 
technologies that can be easily 
connected to downstream processes 
and whose product can be efficiently 
processed by downstream units. Low 
scores will be given to technologies that 
require intermediate units to connect to 
downstream processes, and the 
processing of their product is 
accompanied by tradeoff such as higher 
energy demand.  

5 

Performance  Ability to achieve 
satisfactory product 

High scores for technologies coincide 
with higher solid capture rates and solid 
content in product. Low scores coincide 
with unsatisfactory solid content.  

10 

Sustainability 

Green House 
Gas Emission 

Amount of greenhouse 
gas emitted from the 
operation of the 
technology 

High scores entail low greenhouse gas 
(GHG) emission from the operation of 
the technology. Low scores entail high 
GHG emission from the technology.  

10 

Energy Demand 
Amount energy required 
for the operation of the 
technology 

High scores for technologies that 
require a smaller amount of energy to 
process every unit volume of sludge. 
Low score for technologies that require 
a larger amount of energy to operate.   

7.5 

Odor /Noise 
Odor and noise 
generated from 
operation 

High scores coincide with little or no 
odor issue, and requires minimum odor 
control. Low scores coincide with higher 
odor control requirements.  

10 

Economic 

Capital Cost 
(CAPEX) 

Costs to purchase and 
install the equipment  

High scores for technologies with lower 
capital costs to purchase and install. 
Low scores for higher capital costs. 

10 

Operational 
Cost (OPEX) 

Annual operation cost, 
including operating 
costs, energy costs, 
maintenance costs and 
disposal costs 

High scores for lower life cycle cost. 
Low scores for higher life cycle cost.  10 

O&M Staff Needs  

Maintenance and 
operation requirements 
for facility staff with 
frequency of 
maintenance.  

High scores for technologies that 
require minimal additional staff and 
training. Low scores for technologies 
that need a significant amount of 
additional staff and training.  

10 



December 12, 2022 

Town of Windsor, California  Page 15 of 157 
Windsor Wastewater Reclamation Facility, Biosolids Treatment and Disposal – Phase 2 
Thickening and Dewatering Equipment Selection and Basis of Design TM 
 

Chemical 
Consumption  

Amount of chemical 
required for operation  

High scores will be assigned to 
technologies that require no or small 
amount of chemical for operation. Low 
scores will be assigned to those which 
requires a large amount of chemical for 
operation.  

5 

System 
Complexity and 
Ease of 
Operation 

Complexity of the 
equipment operation 

High scores will be given to the 
technologies that are easy to operate. 
Low scores will be given to the 
technologies that are complex to 
operate.  

5 

Serviceability 

Anticipated frequency of 
servicing; availability of 
service agreement with 
the manufacturer; local 
manufacturer presence; 
anticipated lead time on 
parts and service.  

High scorers will require less frequent 
servicing and will offer a service 
agreement with the manufacturer. High 
scores will also given if the 
manufacturer has a local service facility 
or representative. Low scores for 
technologies that require frequent 
servicing, do not have a local service 
provider, and thus will need to procure 
and ship parts from long distances.  

10 
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3.2 Bench Test Results  

Since the WRF was not equipped with any solids treatment processes, bench tests on WRF’s WAS sludge 
samples were conducted by two established providers, Andritz and BDP, to understand the performance 
of the shortlisted thickening and dewatering technologies and their required polymer dosage. The bench 
test results are summarized in Table 3-2 and 3-3, and the laboratory reports from the two providers are 
also included in Appendix B.   

Table 3-2 Thickening Bench Test Results 

 Rotary Drum Thickener Gravity Belt Thickener  

BDP Andritz BDP Andritz 

Thickened Solids , 
% 

4-6 3-4.5 4-6 3-4.5 

Polymer Dose, 
lbs/dry ton 

10-15 5-10 8-12 5-10 

Solids Capture 
Rate, % 

>92 95 >92 95 

Table 3-3 Dewatering Bench Test Results 

 Belt Filter Press Centrifuge 

BDP Andritz Andritz 

Dewatered Solids 
(with polymer), % 

15-16 12 16-18 

Polymer Dose, 
lbs/dry ton 

20-30 23 15 

Solids Loading 
Rate, lbs/hr/meter 

400 385 NA 

Solids Loading 
Rate, lbs/hr 

NA NA 1810 

Solids Capture 
Rate, % 

>92 95 ≥95 
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The bench test results were used as inputs for HazenConverge Tool to quantify for chemical consumption, 
system performance, and compatibility with downstream processes criteria. As shown in Table 3-2, both 
providers found that RDT and GBT would have similar performance for thickening. Sustainability, 
chemical consumption, and operational complexity were the main differentiators for the two technologies 
(Table 3-5).  

For the dewatering technologies, BFP performance was significantly lower than the centrifuge indicating 
12% cake solids. It needs to be noted that impacts on dewatering units’ performance should be expected 
since the units would be fed with chemically conditioned thickened sludge. The solid content in BFP cake 
could drop by 1-2%. On the other hand, centrifuge would be minimally impacted, and the impacts could 
be addressed by selecting a complimentary charged polymer. The settling and compaction under higher 
G-force is influenced by the floc size and in some cases is improved with smaller flocs as long as they are 
not retaining more water.  Therefore, centrifuges’ performance is associated with lower uncertainties, and 
can provide dewatered sludge that meets the 16% TS required for the biodryers. 

3.3 Scoring Method and Weight Assignment  

A score was assigned to each technology regarding individual criterion in HazenConverge. For 
quantitative criteria, such as footprint, CAPEX, OPEX, GHG emission, energy demand, chemical 
consumption, the assigned scores were the actual values. A score between 1 and 3 was assigned to 
qualitative criteria, including manufacturer references, compatibility with downstream processes, 
serviceability, O&M needs, based on information collected from technology providers and experience. A 
positive or negative correlation was also defined for each criterion. A positive correlation means that a 
higher score makes a technology more desirable, and on the other hand, negatively correlation means a 
higher score makes a technology less ideal (Table 3-4).  

Table 3-4 Quantitative, Qualitative, Positively Correlated and Negatively Correlated Criteria 

 Positively Correlated Negatively Correlated  

Qualitative (1-3 
scoring used) 

• Manufacturer References 
• Compatibility with Downstream 

Processes 
• Performance 
• Serviceability  

 

• Maintenance Needs 
• System Complexity, Ease of 

Operation & Staff Training 

Quantitative (Actual 
values used) 

NA • Footprint 
• Green House Gas Emission 
• Energy Demand 
• Capital Cost (CAPEX) 
• Operational Cost (OPEX) 
• Chemical Consumptions  
• Odor and Noise 
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NA: Not Applicable  

The assigned score of each criterion was normalized, and then multiplied by the weight of the criterion. 
The normalized and weighted scores were summed for each technology alternative to create one 
composite indicator, based on which the technologies were ranked. All the scores assigned are 
summarized in Table 3-5.  

In the scoring process, Hazen approximated the footprint of each technology using the drawings provided 
by BDP and Andritz. The footprint score was the building area required for the number of units needed 
(two units for RDT, GBT; two units for centrifuge and three units for BFP) with 5 feet of clearance and 
20% addition for ancillary equipment. Downstream compatibility was more important to dewatering 
technologies as the biodrying process required a minimum 16% TS. As shown in Table 3-3 BFP would be 
associated with higher risks and likely unable to meet the required %TS for downstream units.  

For the economic category, Hazen evaluated equipment capital cost (CAPEX) and annual operational cost 
for year 2050 annual average condition as operational cost (OPEX). The cost of thickening or dewatering 
building was not considered in CAPEX for comparison purposes since all alternatives will need to be 
housed in a building.  

Per Workshop #1, the District emphasized the importance of sustainability. Thus, GHG emission was 
evaluated, encompassing emissions due to 1) energy demand for treatment, 2) energy demand for odor 
control, 3) wash water, 4) filtrate disposal, 5) chemical transportation. GHG emission due to energy 
consumption was the most predominant compared to other emission contributors. The anticipated GHG 
emissions from each thickening and dewatering technology is exhibited in Figure 3-1. This information 
was used for comparison purposes, however more detailed f GHG emission evaluation can be conducted 
in a later design phase.  
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Figure 3-1 Greenhouse Gas Emissions from Each Thickening and Dewatering Process  

The ease of operation and O&M complexity are of higher importance to the District. Thus, the O&M 
category was assigned the highest weight. The major differentiators under the O&M category were 
chemical consumption and staff needs. It needs to be noted that BFPs are associated with high 
maintenance needs since they have multiple moving mechanical parts, and more units are required to 
meet the %TS requirements. Additional description of scoring process can be found in Appendix C.  

Table 3-5 Summary of Scores Assigned to Each Technology 

Category Proposed Criterion 

Thickening  Dewatering 

RDT GBT BFP Centrifuge 

Technical 

Footprint (ft2) 780 900 2350 910 

Manufacturer 
References 

3 3 2 3 

Compatibility with 
Downstream 
Processes  

3 3 1 3 

Performance  3 3 1 3 

Sustainability 

Green House Gas 
Emission (lbs CO2eq 
per dry ton of sludge)  

18 43 54 69 

Energy Demand 
(kwh/day)  

72 81 197 350 

Odor /Noise (hp for 
odor control) 

1 7.5 15 1 

Economic 

Capital Cost (CAPEX) 
($) 

550,000 550,000 1,425,000 870,000 

Operational Cost 
(OPEX) ($) 

94,400 84,400 159,600 105,900 

O&M 

O&M Needs  1 1 3 2 

Chemical 
Consumption (lb 
active polymer/year)  

12,361 9,508 25,672 14,453 

System Complexity 
and Ease of 
Operation 

1 1 1 3 
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Serviceability 3 3 3 3 

3.4 Evaluation Results 

Our results indicated that RDT scored 60 from the evaluation process whereas GBT could only reach 43 
and therefore RDT was selected as a thickening technology for design phase. These two options had 
similar thickening performance and CAPEX. However, RDT outperformed GBT mainly due to lower 
energy demand and GHG emissions, As a drawback, RDT requires approximately 30% more polymer to 
achieve a satisfactory %TS but still needs less O&M costs. It needs to be noted that some categories were 
not shown in Fig. 3-4 and 3-5. This was resulted from the normalization calculation built in the 
HazenConverge tool, and did not cause influence the result of the evaluation.  

 

Figure 3-4 Evaluation Indicators of the Thickening Options 

For dewatering technologies, centrifuges scored 73 whilst BFPs could only reach 34. The District 
expressed concerns regarding centrifuges’ noise, high polymer dosage and operational complexity. 
However, centrifuges could handle higher loads of sludge without sacrificing the performance as %TS, 
and a lower number of units would be required. Centrifuges displayed an overwhelming advantage over 
BFPs regarding performance, downstream compatibility, as well as cost. As above mentioned, centrifuges 
are more robust, whilst the solid content in BFP cake is anticipated to decrease by 1-2% when fed with 
chemically conditioned thickened sludge. Therefore, centrifuges outperformed BFPs due to the risks 
associated with the uncertainty of BFP performance to meet the minimum solid content requirement for 
the downstream biodryers. Considering the factors stated above, centrifuges were selected as the 
dewatering system at the WRF.  
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Figure 3-5 Evaluation Indicators of the Dewatering Options 
 
 
 

4. Basis of Design Conditions 

The equipment selection and design of thickening and dewatering need to meet current and flow and 
potential increases during the system’s lifecycle. To this end, Hazen determined basis of design 
conditions by analyzing historical data provided by the WRF and created future projections to year 2050. 
Details of historical data, current and future conditions are explained in the following sections.   

4.1 Historical and Current Sludge Production  

Historical data from January 2015 to May 2022 was analyzed to evaluate the sludge production at the 
WRF (Fig. 4-1) and develop design conditions. Currently, the WRF handles 2.13 mgd of wastewater 
influent, and the sludge production from WAS and AWT is 3,400 and 140 lbs/day respectively. The 
wastewater influent characteristics (Appendix A) remain consistent from 2015 to 2022, but MLSS and 
TSS concentrations show increasing trends, indicating that solids retention time (SRT) has been 
increased.  



December 12, 2022 

Town of Windsor, California  Page 22 of 157 
Windsor Wastewater Reclamation Facility, Biosolids Treatment and Disposal – Phase 2 
Thickening and Dewatering Equipment Selection and Basis of Design TM 
 

 

Figure 4-1 Current WAS Concentration and Loading (Jan 2015-May 2022) 

4.2 Projected Future Sludge Production 

Based on the Modernization Study conducted in 2019, the most recent population projections in the 2040 
General Plan estimated a 39% increase in population in year 2040. Per Feasibility Study and Workshop 
#1, the planning period for this project is year 2050, and projections were made from 2022-2050 based on 
historical data and the same growth factor (Fig. 4-2). With these assumptions, the projected total sludge 
production in 2050 is 5,210 lbs/day and 7.610 lbs/day at annual average and max-30-day conditions, 
respectively. Table 4-1 summarizes the current and future sludge productions.  

Table 4-1 Current and Anticipated Future Sludge Production (Developed based on Historical Data) 

Parameter Units Current 2040 2045 2050 

Influent Flow  
(AA) MGD 2.13 2.74 2.94 3.14 

   AWT Sludge Production 
   Average Annual lbs/day 140 190 200 210 
   Max 30-Day lbs/day 370 440 480 510 
   AWT Average TS % 0.04% 
   WAS Production 
   Average Annual lbs/day 3,400 4,400 4,700 5000 
   Maximum Month lbs/day 4,400 5,700 6,100 6500 
   Max 30-Day lbs/day 4,800 6,200 6,600 7100 
   WAS Average TS % 0.65% 
   Total Solids Production  
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   Average Annual lbs/day 3,540 4,590 4,900 5210 
   Max 30-Day lbs/day 5,170 6,640 7,080 7610 
   Total Solids TS % 0.63% 

 

 

Figure 4-2 Future Projection of Sludge Production: Annual Average and Monthly Maximum 

 

4.3 Thickening Process 

4.3.1 Design Conditions for Thickening Process  

The projected monthly maximum sludge production in 2050 was used as the basis of thickening process 
design and equipment selection. The average sludge %TS to the thickening units is 0.6%. The thickening 
units will be continuously operated (24/7) with a solid throughput rate of 317 lbs/hr. Table 5-1 
summarizes the design conditions for the thickening process. 
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Table 4-2 Design Conditions of Thickening Units 

    Current Future (2050) 

Thickening    AA MM MAX 07 AA MM1 MAX 07 
Flow  mgd 2.13 3.14 

Mass Loading 
(WAS + AWT 

Solids) 
lbs dry/day 3,540 5,170 6,394 5,210 7,610 9,472 

Flow  gpd 65,302 95,370 117,949 96,108 140,380 174,728 

Operations  hrs/day 24 24 24 24 24 24 
Solids 
Throughput lbs/hr 148 215 266 217 317 395 

Hydraulic 
Throughput gpm 45 66 82 67 97 121 

1. Basis used for sizing thickening units.  
 

4.3.2 Equipment Selection  

Per technology evaluation, rotary drum thickeners (RDTs) were selected as the thickening process. Each 
RDT is equipped with an ancillary floc tank, RDT drive, floc tank mixer and booster pump. Four 
manufacturers were contacted for cost, sizing, electrical load requirements. All four manufacturers 
recommended one unit on duty and one unit standby (1+1 redundancy). This will provide the WRF with 
sufficient capacity to thicken sludge under normal and peak conditions. Hydraulic and solids loading 
rates, unit horsepower, cost along with footprint for each manufacturer are presented in Table 5-2.   

Table 4-3 Rotary Drum Thickener Summary 

Manufacturer FKC Andritz BDP JDV 

Model  
RST-

S630X3000L  
PDR 900 4x6 RDT RT20 

Total No of Units 2 (1+1) 2 (1+1) 2 (1+1) 2 (1+1) 

Design Feed Rate (gpm/Unit) 97 97 97 97 

Design Solids Loading (lbs/hr/unit) 317 317 317 317 

Main Drive HP  2 2 2 2 

Unit cost ($) $120,000.00 $182,500.00 $227,750.00 $187,500.00 

Dimension 
18.5'(L) x 4.7' 
(W) x 8.6'(H) 

13.5'(L) x 4'(W) 
x 6' (H) 

17.5'(L) x 4'(W) x 
6' (H) 

18'(L) x 4.5'(W) x 
6.5' (H) 



 

Town of Windsor, California  Page 25 of 157 
Windsor Wastewater Reclamation Facility, Biosolids Treatment and Disposal – Phase 2 
Thickening and Dewatering Equipment Selection and Basis of Design TM 

Technical Memorandum 

4.4 Thickened Sludge Storage Tank 

Thickening will be a continuous process whilst dewatering is going to be a batch process. The dewatering 
centrifuges will be operated for 4 days a week and 8 hours a day (Table 4-5). Therefore, intermediate 
tanks are required for temporary storage of thickened sludge. The sludge storage tanks also provide 
flexibility to bypass some portion of WAS from chemical conditioning and directly feed it to dewatering 
units. The WRF has an existing storage tank, but due to its condition and insufficient volume for future 
scenarios, it will be demolished and replaced with two new tanks that are sized to be 458,645 
gallons/each. The total storage volume required was calculated as the sum of the maximum and the 
minimum sludge volume need based on 31 days of operation. The tank sizing was conducted using the 
2050 MM condition and assuming one of the tanks out of service. Figure 4-3 shows the changes in sludge 
storage volume during two weeks operation. Table 4-4 summarizes the details of tank sizing basis.  

 

Figure 4-3 Volume of Thickened Sludge in Equalization Tanks over Two Weeks 

Table 4-4 Sludge Holding Tank Sizing Summary  

Parameter Units  Value 

Sizing basis -- 2050 AA 1 tank in service 

Number of tanks -- 2 

Construction -- Bolted steel 

Active volume, each gallons 175,705 

Tank solids content %TS 2 to 3 

Inside diameter, each ft 37 

Side wall height, each ft 28 

Freeboard ft 6.67 

Floor  % 8.33 
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4.5 Dewatering Process 

4.5.1 Design Basis for Dewatering Process  

The dewatering process design was based on 7-day maximum in year 2050. The dewatering centrifuges 
will be operated for four days a week (Monday through Thursday) and eight hours a week, totaling 32 
hours every week. The feed sludge (2-3 % TS) will be pumped from the equalization tanks at a rate of 
131 gpm. The dewatered sludge is anticipated to have 16% TS and will be directly fed to biodryers. Since 
dewatered cake will be directly send to biodryers, the operation of dewatering centrifuges must be in 
tandem with the operation of biodryers. The design conditions of the dewatering centrifuges are listed in 
Table 4-5.  

Table 4-5 Design Conditions of Dewatering Units 

    Current Future  
Dewatering      AA MM MAX 07 AA MM MAX 071 

Mass Loading  lbs dry/day 3,363 4,912 6,074 4,950 7,230 8,998 

Flow  gpd 13,441 19,630 24,278 19,782 28,895 35,965 

Operations  hrs/week 11.9 17.5 21.6 17.6 25.7 32 
Days per week, 
operation2 day  4 4 4 4 4 4 
Hours per day, 
operation  Hr 2.99 4.36 5.40 4.40 6.42 8.00 
Number of Units 
Operating -- 1 1 1 1 1 1 

Solids Throughput dry lbs/hr 1970 1970 1970 1970 1970 1970 
Hydraulic 
Throughput gpm 131 131 131 131 131 131 

1. Basis used for sizing dewatering units.  
2. Operation from Monday to Thursday according to the WRF’s staff work schedule.  
 

4.5.2 Equipment Selection  

Dewatering centrifuges were selected due to their lower costs and emissions, higher cake %TS, 
compatibility with downstream processes. Technical details were collected from five manufacturers. The 
five manufacturers recommended models that have the capacity to handle the hydraulic and solids loading 
with one unit in operation, and one unit standby. Table 4-6 shows the summary of model, horsepower, 
hydraulic and solid loading rates, and cost along with unit footprint.  
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Table 4-6 Dewatering Centrifuge Summary 

Manufacturer Alfa Laval Andritz Centrisys Flottweg GEA 

Model  ALDEC 85 D5LX CS21-4 2PH C5E CF 6000 

Total No of Units 2 (1+1) 2 (1+1) 2 (1+1) 2 (1+1) 2 (1+1) 

Design Feed Rate 
(gpm/Unit) 

131 131 131 131 131 

Design Solids Loading 
(lbs/hr/unit) 

1,970 1,970 1,970 1,970 1,970 

Main Drive HP  105 95 75 95 100 

Unit cost ($) $375,500 $468,104 $476,644 $410,000 $375,000 

Dimension 
16.2'(L) x 3.9' 
(W) x 8.4'(H) 

14'(L) x 4'(W) 
x 5.4' (H) 

14.5'(L) x 4.3'(W) 
x 6.7' (H) 

11.5'(L) x 
3.8'(W) x 4.8' 

(H) 

16.4'(L) x 
4.5'(W) x 6.9' 

(H) 
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4.6 Biodrying and Pyrolysis  

Biodryers and pyrolysis were selected to be implemented to dewatered sludge into a valuable end product. 
Figure 4-4 and 4-5 illustrates the Biodryer and P-FIVE Pyrolysis Unit from BioforceTech. The process 
also shows promising results for PFAS removal, thus could provide the Town a solution if CA adopts 
PFAS regulations in the future. Furthermore, producing biochar instead of dried material mitigates the 
risk to the Town from increase in beneficial use or disposal costs. Recent data have shown that beneficial 
use costs can be doubled due to limitations in land application sites and PFAS content.  

4.6.1 Biodryers 

According to BioforceTech, the ideal %TS in the feed sludge to biodryers is 17% to 22%. However, the 
minimum dewatered sludge is estimated to be 16% TS. As a result, eight bioderyers on duty would be 
necessary to evaporate the excess water content prior to the pyrolysis units under the current 7-day 
maximum scenario. Another four units are planned to be added during future expansion (for 7-day Max 
2050). A design summary of the biodryer units is displayed in Table 4-7.  

Table 4-7 Preliminary Design Summary for Biodryer  

Parameter Current (07 MAX) Future (07 MAX) 

 Manufacturer Bioforcetech 
Batch capacity (lbs) 16,000  

Operating temperature (°F) up to 160 

Rotation motor power (HP) 5 

Input (wet tons @16% TS) 6,564  9,724  

Number of Biodryers 8  10 (9+1) 

Batch duration (hours, including filling 
and discharge time) 

65.4 65.4 

Batch per week  2 2 

 

The dewatered sludge will be directly fed to the biodryers, and the operation schedule of biodryers will be 
created in accordance with the one of dewatering units. The biodryer units will be loaded in sequence, and 
the loading time for individual unit is approximately 1.4 hours. The drying process of individual biodryer, 
which is estimated to take 61 hours, will start immediately after the unit is filled. Since the operation staff 
will be operating the dewatering units onsite from Monday through Thursday, there will be two batches in 
each biodryers every week, with the first one starting on Monday and the second one starting on 
Thursday. The loading of second batch will start immediately after the unloading process, and the 
unloading process of the second batch will be completed during weekend.  
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Figure 4-4 Biodryer Unit from BioForceTech  

4.6.2 Pyrolysis  

Pyrolysis is the thermochemical decomposition of organic material through the application of heat 
without the addition of extra oxygen. The excess heat from pyrolysis process can be supplied to biodrying 
process and reducing the biodrying residence time. The estimated final product biochar would be 809 
tons/year in 2050 and BioforceTech will be responsible from the management of the final product (Table 
4-8). Currently, Bioforcetech offers a value back program for the biochar and guaranteeing a $0 per ton 
disposal fee for the Utility and a 10% share of net sale profits of the material. Town would not need to 
dispose the material or pay disposal fee.  

Pyrolysis Unit could be on a flat concrete pad and does not have to be in an enclosed building.  However, 
a canopy-type structure is recommended. Each pyrolysis unit contains: pyrolysis reactors, flameless 
burner, char discharge conveyor, 2 heat exchangers, blowers, electrical panel and automation with safety 
UPS system, heat dissipation radiators, wet scrubber for SO2 removal, activated carbon filter, syngas 
filter (particulate abatement devices) and a chimney with sample ports for analysis (Fig. 4-5).  

Table 4-8 Preliminary Operation Summary for Pyrolysis 

Parameter Current Future (07 MAX) 

 Manufacturer Bioforcetech 
Operating temperature (°F) 660-1650 

Heat available for drying (BTU/h) 510,000 

Nitrogen (scfh, @97% purity) 269 

Power consumption  480V, 80A, 60Hz, 3Ph 

Water discharge  4’’ connection gravity fed 
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Output (tons/year of biochar) 546  809 

Number of P-five (pyrolysis) 1 2 

Estimated Biochar Revenue ($/year) 16,380 24,270 

 

Figure 4-2. P-FIVE Pyrolysis System by BioforceTech 

 

5. Summary   

In this study, Hazen reviewed and evaluated various thickening and dewatering technologies for the WRF 
using the HazenConverge tool. The basis of design conditions for thickening, dewatering, as well as 
biodrying and pyrolysis was also developed. The key conclusions are summarized as below: 

• The design of solids treatment processes was based on projected sludge production in year 2050; 

• Rotary drum thickener was selected for thickening process;  

• Centrifuge was selected for dewatering process;  

• Two sludge equalization tanks were proposed to replace the existing tank for the storage of 
thickened sludge;  

• Eight biodryers were proposed as a result of decreased %TS in dewatered sludge.  

 
The selection of equipment and basis of design conditions will be used for the design and bid document 
preparation.   
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Appendix A – Technology review  
  



Historical Data Review 

• “Feasibility Study for Biosolids Treatment and Disposal” completed in February 
2021 (Hazen). 

• Review historical data and assumptions from Feasibility Study and incorporate 
new data through May 2022. 

• Identify and discuss any changes since 2020. 

• Develop design criteria for thickening and dewatering equipment based on 
current and future projected sludge production. 

10



Influent Flow

• Influent 
shows seasonal 
fluctuations

• Average around 
2 MGD

11



Influent BOD 

• BOD load fairly 
consistent

• Increased influent 
BOD noted 
between Jul 2020 
and Jan 2021 
(Covid impact??)

• BOD load has 
since returned to 
typical average 

12



Influent TSS

• TSS load fairly 
consistent

• Anomalous 
spike in TSS 
noted in Jan 
2021

• Measurement 
or recording 
error? 

13



Mixed Liquor Suspended Solids 

• MLSS has increased 
slightly since 2016

• Average around 
3,500 mg/L

16



WAS Flow

• WAS flow 
consistent since 
2017

• Average around 
0.05 MGD

17



WAS Load  

• WAS TSS 
concentration has 
increased 

• Longer SRT

• WAS load appearing to 
be consistent 

18



Historical Data Review and Future Projections

• Influent characteristics remain consistent 
from 2015 to 2022

• MLSS and WAS concentrations 
have increasing trends indicating that 
solids detention time recently increased

• The WAS loading (ppd) stayed relatively 
stable showing no major changes

• Considering population growth and unit 
solid production (based on historical 
data), projections were made from 2022-
2052

• Discuss the design year, 2045 vs 2050?

19
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WAS Load - AA WAS Load - MM Influent Flow



Basis of Design Parameter Units Current 2040 2045 2050

Influent Flow (AA) MGD 2.13 2.74 2.94 3.14

AWT Sludge Production

Average Annual lbs/day 140 190 200 210

Max 30-Day lbs/day 370 440 480 510

AWT Average TS % 0.04%

WAS Production

Average Annual lbs/day 3,400 4,400 4,700 5000

Maximum Month lbs/day 4,400 5,700 6,100 6500

Max 30-Day lbs/day 4,800 6,200 6,600 7100

WAS Average TS % 0.65%

Total Solids  Production

Average Annual lbs/day 3,540 4,590 4,900 5210

Max 30-Day lbs/day 5,170 6,640 7,080 7610

Total Solids TS % 0.63%

20

Discussion: 

• AWT solid 
characteristics?

• Any anticipated 
changes in the 
future?



Technology Reviews 

Thickening Equipment 
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Advantages of Sludge Thickening

• Removes excess water and reduces volume
• Decrease the number of units required in the 

downstream processes
• Chemicals conditioning might be required
✓Polymers

22

• Town of Windsor only has WAS 
• Some technologies are more favorable for 

WAS thickening



Sludge Thickening Alternatives
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Screw Press Thickening Disk Thickening 

Rotary Drum Thickening 

Centrifuge Thickening 

Gravity Belt Thickening Gravity Thickening Dissolved Air Flotation



Gravity Thickening 
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• Application: Primary, WAS, Primary + WAS
• Typically, tanks are uncovered
• Typically, circular tank with bottom sludge 

collection
• Low energy requirement, low/no polymer 

requirement
• Process control:

• Solids & Hydraulic loading
• Surface Area requirements
• Blanket depth
• Floor slope

• Vendors: SIMEM, FLSmidth, ESTRUAGUA, 
WesTech



Gravity Thickening 
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Advantages Disadvantages

• Simplicity  
• Low power consumption  
• Low operating cost 
• Ideal for dense rapidly settling sludges such 

as primary and lime
• Conditioning chemicals not typically required
• Provides a degree of storage as well as 

thickening

• Odor control
• Large surface area required for WAS
• Inconsistent thickening of secondary  sludge
• Not preferred option for WAS  
• Lower or limited thickened solids 

concentration for WAS

Sludge Type Feed Solids 
Conc, %

Capture Rate, 
%

Thickened Sludge 
Solids Conc, %

Solids Loading, 
lb/ft2-d

WAS-air 0.2 to 1.0 80 - 90 2 – 3 2.5 – 7 
WAS-extended aeration 0.2 to 1.0 80 - 90 2 – 3 4.9 – 7 



Dissolved Air Flotation (DAF)
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• Application: Primary, WAS, Primary + WAS
• Typically, tanks are uncovered
• Low/no poly dose
• High energy requirement
• Performs well with WAS
• Process control:

• Insensitive to Hydraulic loading
• Solids loading
• Air/Solids

• Vendors: Toro, Evoqua, WSI International, 
WesTech



Dissolved Air Flotation (DAF)
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Advantages Disadvantages

• Good thickening for WAS
• Excellent solids capture with polymer  
• Can be effective without polymer addition
• Effective for FOG

• Odor control 
• Relatively high capital costs
• High operating cost
• Complex system

Sludge Type Feed Solids 
Conc, %

Capture Rate, 
%

Thickened 
Sludge Solids 

Conc, %

Solids 
Loading w/ 

polymer, 
lb/hr/ft2

Solids 
Loading w/o 

polymer, 
lb/hr/ft2

WAS 0.2 to 1.0 >90 4-7% 2 0.5



Gravity Belt Thickening

• Application: Primary, WAS, Primary + WAS
• Small footprint and available in various sizes
• Open or enclosed
• Process control

• Sludge feed rates
• Polymer system
• Belt speed
• Belt washwater supply pressure

• Vendor: Andritz, Komline Sanderson, BDP

28



Gravity Belt Thickening
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Sludge Type Feed Solids 
Conc, %

Capture 
Rate,%

Thickened 
Sludge Solids 

Conc, %

Hydraulic 
Loading Rate, 
gpm/m of belt 

width

Solids Loading 
Rate, lbs/hr/m 
of belt width

WAS 0.5 to 1.0 95 - 99 4 to 8 400 1100

Advantages Disadvantages

• Simplicity  
• Consistent operations
• Good solids capture and performance  
• Relatively low power use  
• Moderate capital cost

• Odor potential  
• Housekeeping requirements 
• High filtrate volume (~20gpm/meter of belt 

width) 
• Polymer dependent (typical polymer dose for 

WAS is 5-10 active lbs/dry ton)



Rotary Drum Thickening
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• Application: Primary, WAS, Primary + WAS
• Enclosed 
• Flocculation tank
• Process control:

• Sludge and polymer feed rates
• Mixing device pressure drop
• Drum speed
• Drum depth

• Applicable to size plants like TOW
• Vendors: FKC, BDP, Parkson, Andritz

F. Wayne Hill WRC (Gwinnett County)



Rotary Drum Thickening

Sludge Type Feed Solids 
Conc, %

Thickened 
Sludge Solids 

Conc, %

Capture Rate, 
%

Hydraulic 
Loading 

Rates, gpm

Solids 
Loading Rate, 

lb/h
WAS 0.5 to 1.0 4 to 7 93 to 98 25-400 100-2000
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Advantages Disadvantages
• Efficient space requirements  
• Enclosed system 
• Low capital and power costs
• Successful WAS thickening

• Thickening performance is dependent upon 
polymer 

• High polymer dose rates (5-15 lb/dry ton)
• Low capacity per unit 
• High spray wash volume (depending upon 

the manufacturer can range between 20-100 
gpm at 40-100 psi)



Centrifuge Thickening 

• Application: Primary, WAS, Primary + WAS
• Enclosed
• Typically used for large plants
• Lower poly dose, but higher kW usage as compared 

to others
• Process control:

• Sludge and poly feed rates
• Differential speed
• Pond depth
• Bowl geometry 

• Vendors: Andritz, Westfalia, Alfa Laval, Centrysis

32



Centrifuge Thickening 

33

Advantages Disadvantages
• Space requirements
• Effective for WAS  
• Low odor 
• Automation for process performance
• Will work without conditioning chemicals

• Major maintenance occurs offsite  
• Relatively high capital cost  
• Moderate operator attention 
• High energy use
• Vibration and noise
• Best suited for continuous operation

Sludge Type Feed Solids Conc, % Thickened Sludge 
Solids Conc, %

Solids Recovery, %

WAS 0.5 to 1.5 4 – 6 93 – 99 



Screw Press Thickening

• Application: Primary, WAS, Primary +WAS
• Sizes: 4 sizes from 64 – 440 gpm

depending on the sludge feed 
concentration

• Enclosed
• Process Controls

• Sludge and polymer feed rates
• Mixing device pressure drop
• Screw speed
• Washwater supply pressure

• Vendors: Huber, Schwing Bioset
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Screw Press Thickening
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Sludge Type Feed Solids Conc, % Thickened Sludge Solids 
Conc, %

Solids Capture Rate, %

WAS 0.5 to 1.0 4 to 8 Up to 95% 

Advantages Disadvantages
• Efficient space requirements  
• Enclosed system 
• Low capital and power costs
• Low maintenance requirements

• High chemical usage 
• Low capacity per unit 
• Lower solids capture rate 
• Limited supplier



Disk Thickening

• Application: Primary, WAS, Primary + WAS
• Size: Two sizes, 20 and 40 m3/hr (88 and 176 gpm) 

@ 0.5% solids feed
• Enclosed
• Flocculation tank
• Process control

• Sludge and polymer feed rates
• Speed
• Washwater supply pressure

• Vendor: Huber, Andritz (vacuum assisted)
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Disc Thickening
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Sludge Type Feed Solids 
Conc, %

Thickened 
Sludge Solids 

Conc, %

Capture Rate, 
%

WAS 0.5 to 1.0 4 to 9 93 to 99

Advantages Disadvantages
• Efficient space requirements  
• Enclosed system 
• Low capital and power costs
• Low maintenance required
• Minimum chemical consumption 

• Low capacity per unit 
• Variable results with WAS
• Limited technology provider



Technology Reviews 

Dewatering Equipment 
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Dewatering

6% solids   vs   24% solids
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• Dewatering is a center piece in 
the biosolids processing

• Removal of water to reduce 
volume of sludge to be hauled 
away and reused

• Mechanical dewatering achieves 
20-35% cake solids

• Requires chemical conditioning



Sludge Dewatering Alternatives
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Centrifuge
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• Operation: 
• Enclosed
• Rotates liquid residuals at high speed
• Typical range 1,500 to 3,000 g force
• Generally run 5-8 hours/day

• Mainly used in large plants
• Process control 

• Sludge type
• Sludge age
• Solids/hydraulic loading
• Bowl speed
• Pool depth
• Chemical conditioning

• Vendors: Andritz, Alfa Laval, Centrisys, Flottweg



Centrifuge
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Advantages Disadvantages

• Simplicity  
• Enclosed units
• Small footprint
• High cake solids
• Common use

• Odor generation with high 
shear

• Variable efficiency for WAS
• Polymer requirement
• High water consumption
• High energy consumption
• Vibration
• Operator attention

Flow, gpm Solids loading, 
lb/hr

Cake solids, % Solids 
recovery, %

20 - 600 200 - 1500 20-30 ≥ 95



Belt Filter Press
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• Operation: 
• Open
• Continuous operation
• Coagulation and flocculation required
• Shear force and increasing pressure 

• Process control 
• Sludge type and age
• Solids/hydraulic loading
• Belt speed and tension
• Gravity drainage
• Chemical conditioning

• Vendors: Komline-Sanderson, Andritz, Alfa-Laval, BDP 
Industries, Charter Machine Company



Belt Filter Press
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Advantages Disadvantages

• Simple  
• Low energy consumption
• Moderate capital and O&M costs

• Odor potential  
• Variable efficiency
• Housekeeping requirements  
• Aerosol potential  
• High water consumption

Flow, gpm/ft 
belt width

Solids loading, 
lb/ft/hr

Cake solids, % Solids 
recovery, %

15 - 45 100 - 300 15-18 85 - 95

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.sioenfiltration.com/products/index/details/id/8/lang/en&ei=nzY1VeHcBoiGyQTklIGABg&psig=AFQjCNGScwTLjS3EihPru8zpk4AZ8lZwzg&ust=1429637044346629


Screw Press
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• Operation: 
• Enclosed 
• Dewatered by gravity drainage at inlet
• Pressure & friction increase as sludge 

conveyed towards discharge
• Need headroom 

• Process control 
• Solids & Hydraulic loadings
• Sludge type
• Flocculation
• Speed

• Vendors: Alfa Laval, Huber, Parkson, 
Schwiwng-Bioset, FKC (horizontal)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.gnenv.com/test/?page_id%3D200&ei=8zk1Vb6ABsmYyASApIHwBA&psig=AFQjCNGqPLWoiswgPMxPyeZl1QBE24p8Yw&ust=1429637883254630


Screw Press
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Advantages Disadvantages

• Low energy use  
• Containment  
• Simplicity  
• Low maintenance requirements

• Larger footprint  
• Higher polymer use
• Lower cake solids

Flow, gpm Solids loading, 
lb/hr

Cake solids, % Solids recovery, 
%

450 (horizontal)
60 (incline)

1200 (horizontal)
600 (incline)

15 – 25 ≥ 95



Rotary Fan Press
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• Operation: 
• Enclosed 
• Sludge fed at low pressure
• The filtering elements slow speed rotation generates enough 

back pressure to dewater the remaining solids 
• Process control 

• Sludge age
• Solids & Hydraulic loadings
• Sludge type
• Flocculation
• Screen mesh size 
• Speed

• Vendors: Fournier, Prime Solutions



Rotary Fan Press
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Advantages Disadvantages

• Low speed, low vibration low shear
• Low energy use 
• Small footprint
• Modular
• Minimal moving parts
• Minimal start up and shut down time
• Odors contained

• Unit capacity
• Generally lower solids content
• Better with primary solids
• Performance with WAS should 

be piloted

Flow, gpm Solids loading, 
lb/hr

Cake solids, % Solids recovery, 
%

20-40 200-600 20-30 ≥ 95



Technology Reviews 

Auxiliary Processes 
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Dewatering

Solids Balance for Dewatering System

Sludge CakeFeed Sludge

Chemicals Washwater

Filtrate

Polymer Chemistry, 
complex chemicals

Type of solids, prior 
processes

Is it a simple Solid/Liquid Separation?

SolidsWater

50



Chemical Conditioning - Polymers
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• Polymer Conditioning of sludges prior to thickening and dewatering 

• Neutralize floc charges, allowing agglomeration
• Reduce ability of the sludge to hold water
• Promote coagulation of the sludge

• Polymers
• Primarily long-chain and water-soluble

• Polyacrylamide is the most widely used synthetic organic polymer and non-ionic

• To carry no charge or positive charge, polyacrylamide is combined with anionic or 
cationic monomers

• Cationic polyacrylamide copolymers most used to condition biological solids 
(which carry a negative charge)



Chemical Conditioning – Polymers (continued)
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• Polymers categorized by the following characteristics:
• Molecular weight – 0.5 to 18 million

• Charge density – 0 to 100%

• Active solids – 2 to 100%

• Form: dry, liquid (emulsion – in oil, 30 to 50% active, 300 to 5000 cP; mannich –
produced using a formaldehyde catalyst, 3 to 8% active, 50 000 to 150 000 Cp)



Chemical Conditioning – Polymers (continued)
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• Conditioning Sludge with Polymers 
• Polymers – cationic, anionic, non-ionic

• Chemicals reduce negative repelling charges

• Determined by jar tests & for dewatering the 
manufacturers will perform dewaterability tests on the 
sludge, which identifies the polymer, dose rate, and cake 
thickness (percent TS)

• Choose best application point

• Depends on:

• Chemical type

• Mechanical equipment

• Polymers not added to suction side of pump



Recycle Flows and Loads Management
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• Thickening and Dewatering is a solids separation process
• These processes provide volume reduction of the solids stream
• The liquid stream from these processes are recycled to the head of the Plant
• Typically, this will require a pumping system and piping to convey the liquid 

stream to the head of the Plant 



Technology Selection Criteria 
Development

55



Proposed Criteria for Thickening 
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Evaluation Criteria Costs (CAPEX & OPEX)

Ease of operation

Performance

Reliability

O&M Complexity 

Footprint 

Competitive Bidding (3 or more approved 
manufacturers)

Used for 
Preliminary 
Screening



Thickening Initial Screening 
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Thickening Technologies

Gravity Thickening (footprint, 
performance) 
Dissolved Air Flotation (footprint, 
ease of operation)
Centrifuge Thickening (O&M 
complexity, reliability with low 
continuous solids loading)
Screw Press Thickener 
(performance, competitive bidding)
Disk Thickener (performance, 
competitive bidding)

NOT VIABLE
Gravity Belt Thickener (ease of 
operation, performance, reliability, 
O&M complexity, footprint, and 
competitive bidding)
Rotary Drum Thickener (ease of 
operation, performance, reliability, 
O&M complexity, footprint, and 
competitive bidding)

VIABLE



Proposed Criteria for Dewatering
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Evaluation Criteria Costs (CAPEX & OPEX)

Ease of operation

Performance

Reliability

O&M Complexity 

Footprint 

Competitive Bidding (3 or more approved 
manufacturers)

Effect on BioDryer sizing

Used for 
Preliminary 
Screening



Dewatering Initial Screening 
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Dewatering Technologies

Screw Press (performance, footprint, 
low solids with WAS increasing 
BioDryer sizing) 
Rotary Fan Press (O&M complexity, 
competitive bidding, low solids with 
WAS increasing BioDryer sizing)

NOT VIABLE
Centrifuge: 
• Highest cake solids thus 

reducing the biodryer sizing
• Require high polymer dose
Belt filter press:
• Second best
• Lower cake solids
• Lower energy and polymer

VIABLE



Summary & Next Steps
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Summary

• Solid characteristics are consistent
• There are many options for thickening and dewatering technologies
• However, considering the size of TOW, solids characteristics and goals, the applicable technologies 

for TOW is identified
• Detailed assessments will be conducted before the next workshop

61



Next Steps

• Finalizing economic and non-economic criteria & weighting factors
• Visit reference sites/projects
• More detailed assessment of short-listed technologies 
• Technology selection
• Develop operation strategy for selected technologies

62
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Route 29 Greenwich, New York 12834
Phone No 518-695-6851

Email:macy@bdpindustries.com
I. Introduction

BDP received a sample from Windsor, CA for bench scale testing on the Model 3DP Belt
Press.  A bench scale analysis of the sludge sample was performed on July 13, 2022.  The
objectives of testing were to define the dewatering properties of the material, determine the
suitability for processing on the Model 3DP Belt Press, and identify the appropriate polymer.
Based on the results of the bench test, the Model 3DP will efficiently dewater the sludge
produced at the facility.
II. Test Procedures

a. Polymer Screening
The following procedure was used to identify the proper polymer:

● Agitate sample to ensure homogeneous solution
● Pour into six, 200ml beakers
● Add polymer in 2 ml increments and mix (for side by side comparison of floc)
Emulsion products were screened for effectiveness.  Various molecular weights and

charge densities were tested.  All emulsion polymers were made down at a 0.25%
solution and contained 40 - 44% active ingredient.

b. Belt Press Simulation
Once the sludge sample was properly conditioned, a gravity drainage test was

performed, simulating the thickening that occurs on the independent gravity deck of the
3DP belt press.  The thickened sludge is then transferred to the BDP belt press test unit
to simulate the pressure section of the 3DP.  This unit consists of a single drive roller
and single tension roller with variable speed and variable belt tension.  The test unit
provides the time under pressure obtained by a full size Model 3DP.

III. Results & Discussion
Table 1:  Bench Test Results for the 2.0m Model 3DP

Sample Feed
Solids

Flow
Rate

Polymer
Dosage

Discharge
Cake Solids Loading Solids

Capture

I.D. (%) (GPM) (lb / dry ton) (% wt) (lb / hr / meter) (%)

Low Flow 0.52 400 14 - 20 15 - 16 500 92+

High Flow 0.52 600 14 - 20 14 - 15 800 92+

IV. Conclusion and Recommendations
Once the sludge was conditioned and mixed properly, the gravity drained sludge produced a

clear filtrate indicating good solids capture.  After transferring to the pressure section the sludge
showed good dewatering properties, releasing from the belt cleanly.  This will allow smooth and
continuous operation of the belt press while producing the desired cake solids.

Based on the bench test results, BDP Industries has determined the model 3DP will
efficiently dewater the material in Windsor, CA.  Please see pictures that document the testing
procedure on the following pages.  Please do not hesitate to contact us with any questions,
comments or concerns.



Route 29 Greenwich, New York 12834
Phone No 518-695-6851

Email:macy@bdpindustries.com

Picture 1:   Flocculated sample with polymer. Picture 2: Sample after independent gravity drainage.

Picture 3: Filtrate from the dewatering process. Picture 4: Discharge cake after the belt press unit.

BDP Industries would like to stress that a bench scale test is based on a single grab sample.  The
sample may not be perfectly representative of future operating conditions.  Therefore, ranges are provided
for expected results based on the single sample tested.  BDP Industries will not be held responsible for
reduced performance due to changes in characteristics or conditions at the plant.
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Route 29 Greenwich, New York 12834
Phone No 518-695-6851

Email:macy@bdpindustries.com
I. Introduction

BDP received a sample from Windsor, CA for bench scale testing on both the Gravity Belt
Thickener and Rotary Drum Thickener. A bench scale analysis of the sludge sample was
performed on July 13, 2022.  The objectives of testing were to define the dewatering properties
of the material, determine the suitability for processing on the both machines, and identify the
appropriate polymer.  Based on the results of the bench test, both the Gravity Belt Thickener and
Rotary Drum Thickener will efficiently dewater the sludge produced at the facility.
II. Test Procedures

a. Polymer Screening
The following procedure was used to identify the proper polymer:
● Agitate sample to ensure homogeneous solution
● Pour into six, 200ml beakers
● Add polymer in 2 ml increments and mix (for side by side comparison of flock)

Emulsion products were screened for effectiveness.  Various molecular weights and
charge densities were tested.  All emulsion polymers were made down at a 0.25%
solution and contained 40 - 44% active ingredient.

b. Gravity Belt Simulation
First the sludge sample was properly conditioned with the appropriate polymer.  The

flocked solids were then applied to the belt media where different types of plow action
were simulated.  After the ideal plow action was determined, drainage time was
adjusted until the desired percent solids were achieved.  This drainage time was used
to determine the necessary length of the gravity belt.

c. Rotary Drum Simulation
First the sludge sample was properly conditioned with the appropriate polymer.  The

flocked solids were then applied to the belt media where different types of drum actions
were simulated.  After the drum action was determined, drainage time was adjusted
until the desired percent solids were achieved.  This drainage time was used to
determine the necessary size of the rotary thickener.

III. Results & Discussion
Table 1: 0.75m Gravity Belt Bench Test Results

Sample Feed
Solids Flow Rate Polymer

Dosage
Discharge

Cake
Solids

Loading
Solids

Capture

I.D. (%) (GPM) (lb / dry ton) (% wt) (lb / hr) (%)

GBT 0.52 60 - 100 8 - 12 4 - 6 150 - 250 92+



Route 29 Greenwich, New York 12834
Phone No 518-695-6851

Email:macy@bdpindustries.com
Table 2: 4’x6” Rotary Drum Bench Test Results

Sample Feed
Solids Flow Rate Polymer

Dosage
Discharge

Cake
Solids

Loading
Solids

Capture

I.D. (%) (GPM) (lb / dry ton) (% wt) (lb / hr) (%)

RDT 0.52 60 - 100 10 - 15 4 - 6 150 - 250 92+

IV. Conclusion and Recommendation
Based on the bench test results, BDP Industries has determined the model GBT and RDT

efficiently thicken the material in Windsor, CA.  Please see pictures that document the testing
procedure on the following pages.  Please do not hesitate to contact us with any questions,
comments or concerns.
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Phone No 518-695-6851

Email:macy@bdpindustries.com

Picture 1:   Flocculated sample with polymer. Picture 2: Sample after independent gravity drainage.

Picture 3: Filtrate from the dewatering process. Picture 4: Discharge cake after the thickening unit.

BDP Industries would like to stress that a bench scale test is based on a single grab sample.  The
sample may not be perfectly representative of future operating conditions.  Therefore, ranges are provided
for expected results based on the single sample tested.  BDP Industries will not be held responsible for
reduced performance due to changes in characteristics or conditions at the plant.
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ANDRITZ LABORATORY REPORT 
 
 
 

COMPANY : Town of Windsor, CA 
 
SAMPLE TYPE : Waste Activated Sludge 
 
DATE : July 28, 2022 
 
1. Introduction: 
Ten (10) gallons of sludge and an emulsion polymer sample were received in the ANDRITZ 
laboratory on July 6, 2022, from the Windsor, CA Wastewater Treatment Plant (WWTP). The 
sample was sent in for a Belt Filter Press (BFP), Rotary Drum Thickener (RDT) / Gravity Belt 
Thickener (GBT), and Centrifuge evaluation. 

The Windsor, CA WWTP has an average flow of 2.0 Million Gallons per Day (MGD). Coarse 
screens are at the headworks of the plant and there is no primary clarification. The incoming 
wastewater is biologically treated through a “Biolac Process”. The plant does not have dewatering 
and has a goal of achieving 15 – 18 % TS cake dryness with the installation of new machines. 

 

 
 
 
2. Objectives: 
The specific objectives of these laboratory tests were to: 

2.1 Analyze the physical properties of the sludge sample received. 

2.2 Conduct a polymer evaluation with the sludge sample received. 

2.3 Conduct Belt Filter Press (BFP) testing with the sludge sample received. 

2.4 Conduct Gravity Belt Thickener (GBT) / Rotary Drum Thickener (RDT) testing with the sludge 
sample received. 

2.5 Conduct Centrifuge spin-down testing with the sludge sample received. 
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3. Sample Analysis Test Results and Observations: 

3.1 Sample Analysis 

The sludge sample contained 0.55 % Total Solids (TS) and 0.54 % Total Suspended Solids (TSS). 
The Volatile Solids content of the sludge sample was at 72 % of TS. Capillary Suction Time (CST) 
was short at 10 seconds and the conductivity was measured at 0.7 mS/cm. When spun at 1,000 – 
4,000 G’s for 5 minutes the spin-down volume ranged from 11.4 – 9.1 % and the plug solids 
contained 4.2 – 5.1 %TS. 
 

  
 
 
 

 
 

Sludge as Received Spin-Down as Received 
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3.2 Sample Analysis  
 
Total Solids* (%TS @ 105oC) 0.55  

Suspended Solids** (%SS @ 105oC) 0.54  

Plug Solids (%TS, @ 1000 G’s and 5 min) 4.2  
Plug Solids (%TS, @ 2000 G’s and 5 min) 4.9  
Plug Solids (%TS, @ 3000 G’s and 5 min) 4.9  

Plug Solids (%TS, @ 4000 G’s and 5 min) 5.1  
Spin-Down Volume (%, 1000 G's, 5 min) 11.4  
Spin-Down Volume (%, 2000 G's, 5 min) 10.0  
Spin-Down Volume (%, 3000 G's, 5 min) 10.2  

Spin-Down Volume (%, 4000 G's, 5 min) 9.1  
pH @ 20°C       6.6  

Conductivity (mS/cm) 0.7  

Specific Gravity 1.0  

Solids Specific Gravity (Calculated) 1.0  

Ash Content of Total Solids* (% of TS) 28.0  

Volatile Solids Content* (% of TS) 72.0  

Capillary Suction Time (sec) 9.5  

Screened Solids:  Description 
   +30 Mesh Fraction (% of SS) 1.3 Debris 
   30 x 50 Mesh Fraction (% of SS) 2.0 Grit/Biomass 
   50 x100 Mesh Fraction (% of SS) 8.7 Grit/Biomass 
   100 x 140 Mesh Fraction (% of SS) 10.7 Biomass 
   140 x 230 Mesh Fraction (% of SS) 26.6 Biomass 
   230 x 325 Mesh Fraction (% of SS) 17.1 Biomass 
   -325 Mesh Fraction (% of SS) 33.7  

Sludge Volume Index (SVI ml/g) 159  

Settled Solids (1000 ml @ 30 min) 860  

Color Brown  

Odor Musty  

Table 1 

EPA Methods: *1684, **160.2 
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3.3 Sample Compressibility – Centrifuge Volume Index 

The sludge sample was compressible and increased in plug strength at high end G-forces. 
 
 
3.4 Sample Compressibility – Centrifuge Volume Index 

 

Spin 
Time G-Force Settled Solids 

Volume (%) 
Plug Solids 

(%TS) 

Volume (%) / 
Plug Solids 

(%TS) 

Plug Solids 
(%TS) / 

Feed Solids 
(%TSS) 

5 1000  11.4 4.2 2.69 7.86 
5 2000  10.0 4.9 2.06 8.99 
5 3000  10.2 4.9 2.09 9.09 
5 4000  9.1 5.1 1.78 9.41 

Table 2 
 
3.5 Sample Compressibility – Centrifuge Volume Index 

 
Graph 1 
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4. Polymer Evaluation Test Results and Observations: 

4.1 Polymer Evaluation 

Multiple polymers were evaluated with the sludge sample. The most effective polymer was 
determined to be Polydyne C-6266. This polymer was effective at 5 – 15 active lbs/ton TSS 
depending on the equipment tested. 
 

  
 
 
 

 
4.2 Polymers Evaluated 

Plant Unspecified 

Polydyne C-6242, C-6266, C-6265 

Table 3 
 
 
  

Plant Polymer Sheared C-6266 Sheared 
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5. Laboratory Belt Filter Press (BFP) Test Results and Observations: 

5.1 Laboratory BFP Test 

A Belt Filter Press (BFP) test was conducted simulating an ANDRITZ 1.0m SMX-S8 BFP. At a 
simulated throughput of 143 gpm and meter, (385 dry lbs/hr, m), a cake dryness of 12 %TS was 
achieved. 
 

 
 
 
 

5.2 Laboratory BFP Test  

BFP Type 1.0m SMX-S8 

Polymer Utilized  C-6266 

Makeup Polymer Dilution (%) 0.5 

Neat Polymer Dosage (lbs/ton TSS) 23.1 

Active Polymer Dosage (lbs/ton TSS) 9.5 

Recommended Belt Type 6093 

Throughput (lb TSS/hr) 385 

Throughput (GPM) 143 

Belt Speed (FPM) 10 

Cake Thickness (mm) 8 

Cake Solids (%TS) 12.0 

Anticipated Capture Rate (%) 95 

Table 4 

BFP Cake 
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6. Laboratory Thickener Test Results and Observations: 

6.1 Laboratory Thickener Test 

Rotary Drum Thickener (RDT) tests were conducted with the sludge sample. The sample was 
flocculated and allowed to drain for 100 seconds and then subjected to plowing action to simulate the 
rotating / shearing effects of a RDT. The Polydyne C-6266 polymer was effective at 5 – 10 active 
lbs/ton TSS and achieved a thickened solids of 3.0 – 4.5 %TS. 
 
 
6.2 Laboratory Thickener Test  

Polymer C-6266 C-6266 

Polymer Dilution (%) 0.5 0.5 

Polymer Dosage Rate (active lbs/ton TSS) 5.0 – 7.5 7.5 – 10.0 

Static Thickened Solids (%TS) 3.0 – 3.5 3.5 - 4.0 

Dynamic Thickened Solids (%TS) 3.5 - 4.0 4.0 - 4.5 

Anticipated Capture Rate (%) 95 95 

Table 5 
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6.3 Laboratory Thickener Test  

 

Graph 2 
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7. Laboratory Centrifuge Test Results and Observations: 

7.1 Laboratory Centrifuge Test 

Centrifuge spin-down testing was conducted with the sludge sample. At a polymer dosage rate of 15 
active lbs/ton TSS a cake dryness of 16 – 18 %TS was achieved. 

 

 
 

 
7.2 Laboratory Centrifuge Test  

Spin 
Time 

(Minutes) 
G-Force 

Type 
of 

Test 

Polymer 
Type 

Polymer 
Dosage Rate 

(active 
lbs/ton) 

Plug 
Solids 
(%TS) 

Anticipated 
Cake Solids 

(%TS) 

Anticipated 
Capture 
Rate (%) 

5 3000 Glass Tube None None 4.9 

16 - 18 ≥ 95 

5 3000 Glass Tube C-6266 15.2 5.4 

10 3000 Screen C-6266 15.2 16.1 

15 3000 Screen C-6266 15.2 17.1 

20 3000 Screen C-6266 15.2 17.6 

Table 6 
 
 
 
 

Centrifuge Cake 
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8. Conclusions: 
Centrifuge technology will achieve the highest cake dryness within the range that the customer 
specified. The recommended polymer is Polydyne C-6266. Thickening tests had positive results, 
thickening the sludge from 0.55 % to 4.5 %TS. 

Attached are photographs of the screen analysis and lab sample data sheets for reference and 
comparison. 
 
 
9. Sample Disposition: 
The remaining untested sludge will be disposed in accordance with local regulations. 
 
 
 
Report Prepared by : Brandon Parker 
Title : Process Engineer 
 
BP/sl 
 
 
 
 
 
Copies of this report have been distributed to the following: 
 
 Original +1cc/ Lab 
 1 cc/ Sales 
  Shaun Hurst 
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Attachments: 

A. Photographs 

 
 
 
 
 
 
 
 
 
 
 

Photo #1: +30 Mesh Fraction Photo #2: 30X50 Mesh Fraction 

 
 
 
 
 
 
 
 
 
 
 
 

Photo #3: 50X100 Mesh Fraction Photo #4: 100X140 Mesh Fraction 

 
 
 
 
 
 
 
 
 
 

 
 
Photo #5: 140X230 Mesh Fraction Photo #6: 230X325 Mesh Fraction 
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B. Lab Sample Data Sheets 
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Windsor Wastewater Reclamation Facility, Biosolids Treatment and Disposal – Phase 2 
Thickening and Dewatering Equipment Selection and Basis of Design TM 
 

Appendix C – Technology evaluation  
  



Background Information 

7



Process Flow Diagram 

8

Solids Dewatering
Centrifuges (1 duty / 1 

standby)

Biochar for 
Beneficial Use

3-6 % TS

Thickened Solids Storage
~175,000 gallons, each

(2 tanks) 

WAS + Tertiary Sludge  
0.6% TS 16% TS 75-80% TS

BioDry (8 units)

3-6 % TS

Solids Thickening
Rotary Drum Thickeners 

(1 duty / 1 standby)

X

▪ Simplest mode of operation

▪ Mechanical thickening operates continuously (24/7)​

▪ Dewatering operates 4 days a week and 7 hours each day

▪ Holding tank for thickened WAS (mixed)​ - 1 week of storage 

with redundancy; assessed during design 

▪ Should be sized to hold one-week thickened WAS production

▪ Need to be mixed

Thickened Sludge Storage in Equalization Tanks

Pyrolysis (1 unit)

>90% TS



Design Conditions 
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▪ Design performed based on 2050 projections 

▪ Incorporate TOW’s comments from Workshop #1

▪ Total solids loading include advance water treatment (AWT)

Process Parameter Units
Current Future (2050)

AA MM AA MM
Influent Flow mgd 2.13 3.14

Thickening

Mass Loading 
(WAS + AWT Solids) lbs dry/day 3,540 5,170 5,210 7,610

Flow gpd 65,300 95,400 96,100 140,400
Operations hrs/day 24 24 24 24
Solids Throughput lbs/hr 148 215 217 317
Hydraulic Throughput gpm 50 70 70 100

Dewatering

Mass Loading lbs dry/day 3,360 4,910 4,950 7,230

Flow gpd @ 6 to 
3% TSS feed 6,721 - 13,440 9,815 - 19,630 9,891 - 19,780 14,447 - 28,900

Operations hrs/week 13 19 19 28
Solids Throughput lbs/hr 1,810 1,810 1,810 1,810

Hydraulic Throughput gpm @ 6 to 
3%TSS feed 70 - 130 70 - 130 70 - 130 70 - 130



Review Results Workshop #1
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▪ Identified the need to evaluate sludge production through 2050 

▪ Reviewed various thickening and dewatering options 

▪ Narrowed options to rotary drum thickener (RDT) and gravity belt thickener (GBT) for thickening, belt filter press (BFP) 
and centrifuge for dewatering 

▪ Agreed to include BioDryer and pyrolysis as part of the project 



Bench-Scale Testing Results
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Bench Test Results - Thickening

12

• BDP 
• Discharge solids: 4-6%TS w/ polymer
• Polymer dose: 10-15 lb/dry ton
• Capture rate: > 92%

• Andritz
• Discharge solids: 3.0-4.5%
• Polymer dose: 5 - 10 lb/dry ton
• Capture rate: 95% 

• BDP
• Discharge solids: 4-6%TS w/ polymer
• Polymer dose: 8-12 lb/dry ton
• Capture rate: > 92%

• Andritz
• Discharge solids: 3.0-4.5%
• Polymer dose: 5 - 10 lb/dry ton
• Capture rate: 95% 

RDT GBT



Bench Test Results - Dewatering

13

• BDP
• Cake solids: 15-16%TS

• Solids loading: 400 lb/hr/meter
• Polymer dose: 20-30 lb/dry ton

• Capture rate: > 92%

• Andritz
• Cake solids: 12%TS

• Solids loading: 385 lb/hr/meter
• Polymer dose: 23 lb/dry ton

• Capture rate: 95%

• Andritz
• Cake solids: 16-18%TS

• Solids loading: 1810 lb/hr
• Polymer dose: 15 lb/dry ton

• Capture rate: ≥ 95%

BFP Centrifuge



Design Criteria 
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Thickening Options

Rotary Drum Gravity Belt 
Number of units 1 duty + 1 standby 1 duty + 1 standby

Size 48-inch diameter drum 0.75 meter

Solids loading rate (lb/hr) 148 – 317 148 – 317 

Solids capture (%) > 92 > 92

Discharge solids (%) 3 - 6  3 - 6

Polymer dosage (lb/dry ton) 5 – 15 5 – 12

Power Requirement 
Hydraulic unit (hp) RDT  = 1 hp GBT = 1 hp

Belt drive = 1 hp
Washer booster pump (hp) 3 3

Total power (kWh) 2.98 3.37



Design Criteria 
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Dewatering Options

Belt Filter Press Centrifuge
Number of units 2 duty + 1 standby 1 duty + 1 standby

Size 2 meter 20.5-inch bowl diameter

Solids loading rate 800 lb/hr, each 1810 lb/hr  

Solids capture (%) > 92 ≥ 95

Discharge solids (%) 12 – 16 16 – 18

Polymer dosage (lb/dry ton) 20 – 30 15 - 17

Power Requirement (per unit)
Hydraulic unit (hp) BFP = 2 hp

Feedbox = 0.33 hp
Gravity section = 3 hp

Pressure section = 6 hp

Main drive = 75 hp
Back drive = 20 hp

Washer booster pump (hp) 15 n/a

Total power (kWh) 19.64 70



Technology Evaluation
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Approach 

17

Historical data review 
and future projection Develop design criteria

Bench scale testing by 
vendors  

Request cutsheets and 
quotes 

Preliminary cost 
estimate

Develop technology 
evaluation criteria

Environmental impacts 
evaluation (GHG)

Input in technology 
evaluation model 
(HazenConverge)

Technologies assessed 
using a composite 

indicator 
Select Thickening and 

Dewatering Technologies



Evaluation Tool

18

• HazenConverge: multi-criteria decision 
making tool 

• Criteria developed based on four main 
categories  

• Weights assigned based on TOW’s site-
specific information and preferences

• Thickening and dewatering options scored 
based on vendor information and Hazen 
technical experience



Evaluation Criteria, Description and Weights 
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Category: Technical (22.5%) 

Technical
Technical and logistical 
selection of technology 
given available space 
on-site, performance, 

available vendors, and 
complexity of design.  

Footprint

Manufacturer 
References

Compatibility with 
Downstream Processes 

Performance 

5%

2.5%

5%

10%

Space and area occupied 

Previous installations

Ability to be retrofitted with 
downstream processes 

Ability to achieve 
satisfactory product



Evaluation Criteria, Description and Weights 
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Category: Sustainability ( 27.5%)

Sustainability
Overall sustainability 

and environmental 
impacts of the 

technology.

Greenhouse gas 
emission

Energy demand

Odor/Noise 

10%

7.5%

10%

Amount of GHG emitted 
from the operation

Amount energy required for 
the operation

Odor and noise generated 
from operation



Evaluation Criteria, Description and Weights 
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Category: Economic (20%)

Economic
Capital and operational 
costs for installation and 
operation of technology. 

Capital cost (CAPEX)

Operational Cost 
(OPEX)

10%

10%

Costs to purchase the 
equipment 

Annual operation cost, 
including operating costs, 
energy costs, maintenance 
costs and disposal costs



Evaluation Criteria, Description and Weights 
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Category: O&M (30%)

O&M
Operational and 

maintenance 
requirements.  

O&M Needs

Chemical Consumption 

System Complexity and Ease 
of Operation Staff Training 

Requirements

Serviceability 

10%

5%

5%

10%

Maintenance and operation requirements for 
facility staff with frequency of maintenance

Amount of chemical required for 
operation 

Anticipated frequency of servicing; 
availability of service agreement with the 
manufacturer; local manufacturer presence; 
anticipated lead time on parts and service. 

Complexity of the equipment operation 
and additional training & staff 
requirements



Scoring Method 

23

Quantitative

• Footprint
• Green House Gas 

Emission
• Energy Demand
• Capital Cost (CAPEX)
• Operational Cost (OPEX)
• Chemical Consumptions 
• Odor and Noise

Qualitative

• Manufacturer References
• Compatibility with 

Downstream Processes
• Performance
• Serviceability 

• Maintenance Needs;
• System Complexity, Ease 

of Operation & Staff 
Training

3

2

1 de
si

ra
bl

e

1

2

3

undesirable
Scores



Footprint – 5%
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Category: Technical 

Desirable

Smaller footprint and 
efficient use of existing 

space

Undesirable

Larger footprint and 
requires additional space

Thickening Dewatering

RDT – 780 Centrifuge – 910

Footprint for 2 units is with 5ft 
clearance and 20% addition for 
ancillary equipment is 775 SF

Footprint for 2 units is with 5ft 
clearance and 20% addition for 
ancillary equipment is 900 SF

GBT – 900 BFP – 2,350

Footprint for 2 units is with 5ft 
clearance and 20% addition for 
ancillary equipment is 900 SF

Footprint for 3 units is with 5ft 
clearance and 20% addition for 
ancillary equipment is 2,350 SF



Footprint – Thickening
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▪ A single RDT unit is 6.5-ft (W) x 13-ft (L) (includes 
floc tank)

▪ Equipment footprint with 5-ft clearance plus ~ 20% 
additional area for ancillary equipment is 780 SF

▪ A single GBT unit is 5-ft (W) x 20-ft (L)

▪ Equipment footprint with 5-ft clearance plus ~20% 
additional area for ancillary equipment is 900 SF



Footprint – Dewatering 
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▪ A single centrifuge unit is 5-ft (W) x 12-ft (L) 
(plus 8-ft for scroll removal)

▪ Equipment footprint with 5-ft plus ~20% 
additional area for ancillary equipment is 910 SF

▪ A single BFP unit is 12-ft (W) x 25-ft (L) 

▪ Equipment footprint with 5-ft clearance plus ~20% 
additional area for ancillary equipment is 2,350 SF
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Category: Technical

Desirable

More installations and 
better established

Undesirable

Fewer installations

Thickening Dewatering

GBT & RDT – 3 Centrifuge – 3 

Multiple installations in CA and well 
established 

Widely used in CA (over 30 
installations) 

N/A BFP – 2 

NA Less installations (~10) but still well 
established 

Manufacturer References – 2.5%
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Category: Technical

Desirable

Can be easily connected to 
downstream processes and 

whose product can be efficiently 
processed by downstream units

Undesirable
require intermediate units to  

connect to downstream 
processes, and the processing 
of their product is accompanied 

by tradeoff

Thickening Dewatering

RDT & GBT – 3 Centrifuge – 3

Both alternatives can achieve > 3% 
TS for downstream process

Achieves a higher solids content 
cake required for the BioDryers and 
one unit has the capacity to process 

the solids load

N/A BFP – 1 

N/A

Need to de-rate BFP units to 
increase %TS in dewatered sludge 
and potentially unable to achieve 
the minimum %TS required for 

BioDryer 

Compatibility w/ Downstream Processes – 5%
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Category: Technical

Desirable

Higher solid capture rate 
and solid content in 

product sludge

Undesirable

Lower solid capture rate 
and solid content in 

product sludge

Thickening Dewatering

RDT & GBT – 3 Centrifuge – 3 

Both alternatives can achieve > 3% 
TS for downstream process and 

solids capture > 92% solids 

16-18% TS in dewatered sludge 
and solids capture > 95% 

N/A BFP – 1 

N/A ~ 14-16 % TS in dewatered sludge 
and solids capture > 92% solids  

Performance – 10%
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Category: Sustainability and Environment 

Desirable

Lower green house gas 
emission

Undesirable

Higher green house gas 
emission 

Thickening Dewatering

RDT – 18 BFP – 54

Total emission is about 18 lbs CO2eq 
per dry ton of sludge  

Total emission is about 54 lbs CO2eq 
per dry ton of sludge  

GBT – 43 Centrifuge – 69

Total emission is about 43 lbs CO2eq 
per dry ton of sludge  

Total emission is about 69 lbs CO2eq 
per dry ton of sludge  

Green House Gas Emission – 10%



Green House Gas Emission 
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▪ GHG evaluation encompass CO2 emission due to
▪ Energy demand for treatment 
▪ Energy demand for odor control 
▪ Wash water 
▪ Filtrate disposal 
▪ Chemical transportation 

▪ Assume all filtrate will be send back to the 
process and wash water is reclaimed water 

▪ Scope of GHG evaluation can be expanded to 
include construction related GHG in design phase 
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Purchased Electricity - Odor Control
Wash water
Filtrate

Thickening 24/7 Dewatering 1 shift, 
4 days/week
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Category: Sustainability and Environment

Desirable

Smaller energy 
requirements 

Undesirable

Higher energy demand

Thickening Dewatering

RDT – 72 BFP – 197

Daily electricity demand for RDT 
unit is 72 kWh

Daily electricity demand for BFP 
units (2) is 197 kWh

GBT – 81 Centrifuge – 350

Daily electricity demand for GBT 
unit is 81 kWh

Daily electricity demand for 
centrifuge unit is 350 kWh

Energy Demand – 7.5%
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Category: Sustainability and Environment

Desirable

Little noise and odor and 
requires minimum 
noise/odor control

Undesirable

Noisy and odorous 
process and requires 

noise/odor control 

Thickening Dewatering

RDT – 1 Centrifuge – 1

A 1 hp motor is required to power 
the fan and noise is insignificant

A 1 hp motor is required to power 
the fan and noise is higher noise 

compared to BFP

GBT – 7.5 BFP – 15

A 7.5 hp motor is required to power 
the fan and noise is insignificant

Two 7.5 hp motors are required to 
power the fan and noise is 

insignificant

Odor and Noise – 10%
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Category: Economic

Desirable

Lower capital cost  

Undesirable

Higher capital cost

Thickening Dewatering

GBT & RDT – $550,000 Centrifuge – $870,000

Equipment cost for 2 RDT (1 duty / 
1 standby)

or 2 GBTs (1 duty / 1 standby)
Units

Equipment cost for 2 centrifuge 
units (1 duty / 1 standby)

N/A BFP – $1,425,000

N/A Equipment cost for 3 BFP units (2 
duty / 1 standby)

Capital Cost (CAPEX) – 10%
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Category: Economic

Desirable

Lower OPEX

Undesirable

Higher OPEX

Thickening Dewatering

GBT– $84,400 Centrifuge – $105,900

Annual operational cost estimate 
(2050 AA conditions)

Annual operational cost estimate 
(2050 AA conditions)

RDT – $94,400 BFP – $159,600

Annual operational cost estimate 
(2050 AA conditions)

Annual operational cost estimate 
(2050 AA conditions)

Operational Cost (OPEX) – 10% 



O&M Needs – 10%
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Category: O&M

Desirable

Lower maintenance time 
and operational effort 
required, and minimal 
anticipated downtime

Undesirable

Higher maintenance time 
and operational effort 
required, and minimal 
anticipated downtime

Thickening Dewatering

GBT & RDT – 1 Centrifuge – 2

Based on 2% of CAPEX and 
operator attention, maintenance 

frequency, start-up and shut-down 
time

Based on 2% of CAPEX and 
operator attention, maintenance 

frequency, start-up and shut-down 
time 

N/A BFP – 3

N/A

Based on 2% of CAPEX and 
operator attention, maintenance 

frequency, start-up and shut-down 
time



Chemical Consumption – 5%
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Category: O&M

Desirable

Lower capital cost  

Undesirable

Higher capital cost

Thickening Dewatering

GBT – 9,508 Centrifuge – 14,453

Pounds active polymer required per 
year (2050 AA); RDT polymer dose 

is 8-12 lbs/dry ton (10 lb/dry ton 
used for calculation)

Pounds active polymer required per 
year (2050 AA); RDT polymer dose 

is about 15 lbs/dry ton

RDT – 12,361 BFP – 25,672

Pounds active polymer required per 
year (2050 AA); RDT polymer dose 
is 10-15 lbs/dry ton (13 lb/dry ton 

used for calculation)

Pounds active polymer required per 
year (2050 AA); RDT polymer dose 
is 20-30 lbs/dry ton (27 lb/dry ton 

used for calculation)



System Complexity, Ease of Operation, Staff Training – 5%
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Category: O&M

Desirable

Easier to operate and 
requires minimal 

additional staff and 
training

Undesirable

Harder to operate and 
requires additional staff 

and training

Thickening Dewatering

GBT & RDT – 1 BFP – 1

Simple mechanical equipment 
operated at low RPM

Rather simple mechanical 
equipment operated at low RPM

N/A Centrifuge – 3

N/A

Enclosed system operating at high 
RPM more complex mechanical 

equipment compared to BFP 
requiring greater training



Serviceability – 10%
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Category: O&M

Desirable

Easy to access service 
facility and comes with 

service agreement

Undesirable

Hard to access service 
facility and does not have  

service agreement

Thickening Dewatering

GBT & RDT – 3 BFP & Centrifuge – 3

Parts are sourced from US; service 
reps located in western US; most 
maintenance can be performed by 

TOW staff

Parts are sourced from US; service 
reps located in western US; most 
maintenance can be performed by 

TOW staff

N/A N/A

N/A N/A



Comparison Summary Table
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Category Description WT Thickening Dewatering

RDT GBT BFP Centrifuge

Technical Footprint 5% + - - +

Manufacturer References 2.5% + + - +
Compatibility w/ Downstream Processes 5% + + - +
Performance 10% + + - +

Sustainability GHG emission 10% + - + -
Energy demand 7.5% + - + -
Odor/Noise 10% + - - +

Economic CAPEX 10% + + - +
OPEX 10% - + - +

O&M O&M Needs 10% + + - +
Chemical Consumption 5% - + - +
System Complexity/Ease of Operation 5% + + + -

Serviceability 10% + + + +



Evaluation Results
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Thickening Options 

▪ RDT (60) vs. GBT (43)

▪ RDT outperformed GBT mainly due to: 
▪ Lower energy demand and GHG emission

▪ Challenges for RDT implementation:
▪ Higher polymer consumption to achieve 

satisfactory % TS
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Evaluation Results
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Dewatering Options 

▪ BFP (34) vs. Centrifuge (73) 

▪ Centrifuge outperformed BFP due to: 
▪ Performance, CAPEX & OPEX due to less 

units required

▪ Challenges for Centrifuge implementation:
▪ Higher GHG emissions due to higher 

operating horsepower or energy demand
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Technology Recommendation 
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BioDryer Operation Schedule
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BioDryer Operation Schedule – Per BFT 
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Preliminary Site Layout
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Existing Site Layout

47

▪ 4 existing sludge ponds

▪ Sludge decant tank 

▪ Sludge Pond 4 not utilized 

▪ Options for future solids processing
▪ Utilize existing footprint
▪ Fill Sludge Pond 4 for extra footprint 



Preliminary Site Layout – from Feasibility Study
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▪ Preliminary site layout from 
Feasibility Study

▪ Equipment sizing/building footprints 
not finalized (design phase)

▪ Fill Sludge Pond 4 and utilize 
footprint

▪ More space to work with/ space for 
future expansion 

▪ Maintain truck access paths 

▪ Extra cost and effort to fill Sludge 
Pond 4



Next Steps

49



Next Steps
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▪ Memorialize the technology selection based upon the outcome of this Workshop, to include the following: 
▪ Site plan 
▪ Evaluation criteria 
▪ Technology comparison and its outcome 
▪ Preliminary cost estimate 



Questions?
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Bullpen Slides
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Design Criteria 
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Parameter BioDryer

Number of units 6 on duty 
(additional 2 for future scenario)

Manufacturer BioForceTech

Capacity 4,500 tons/year

Batch time (48-64 hrs) 61 hr at 17% 

Solids loading rate (wet lb/hr) 8,571

At 17% solids from BFP

Discussion
1. Decreasing batch time with increasing solid content
2. More energy and units required for BioDryer at a lower %TS



Design Condition 
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At 17% solids from BFP

Process Parameter Units
Current Future (2050)

AA MM AA MM

BioDrying

Mass Loading lbs dry/day 3,195 4,666 4,702 6,868

Mass Loading wet lbs/day 19,968 29,162 29,388 42,925

Mass Loading wet tons/year 3,644 5,322 5,363 7,834

Operations hrs/week 122 122 122 122
Solids 

Throughput lbs/hr 183 268 270 394



BioDryer and Pyrolysis Operation Schedule 
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BioDryers Schedule at 20% SC for 2050

▪ Total number of units required for 2050 scenario : 7 Biodryers

▪ Total biosolids processed per year with the dewatering design parameters: 5,670 tons @ 20% SC 

▪ This number of Biodryer will cover the annual average. 

• BioDryers can also cover max month production if the dewatering operation will be done 8 hours instead of 6 hours per 
day. 



BioDryer and Pyrolysis Operation Schedule 

56

BioDryers Schedule at 22% SC for 2050

▪ Total number of units required for 2050 scenario : 7 Biodryers

▪ Total biosolids processed per year with the dewatering design parameters: 5,292 tons @ 22% SC 

▪ This number of Biodryer will cover the annual average. 

• BioDryers can also cover max month production if the dewatering operation will be done 8 hours instead of 6 hours per 
day. 
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A/C AIR CONDITIONER

AB ANCHOR BOLT

AC ASBESTOS CEMENT

ACP AIR COMPRESSOR

ACT-MR ACOUSTICAL CEILING TILE, 

MOISTURE RESISTANT

AD AREA DRAIN

ADH ADHESIVE

ADJ ADJUSTABLE

AFF ABOVE FINISHED FLOOR

AGGR AGGREGATE

AH AIR HEATER

AHU AIR HANDLING UNIT

AL, ALUM ALUMINUM

ALLOW ALLOWANCE/ALLOWABLE

ALT ALTERNATE
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AR AIR RECEIVER

ARCH ARCHITECTURAL
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ASPH ASPHALT

AT ASPHALT TILE

ATF AIR TERMINAL UNIT (FAN 
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ATS AUTOMATIC TRANSFER 

SWITCH
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B BORING

BC BOILER CHEMICALS 

BD BOARD

BDD BACKDRAFT DAMPER
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BL BUILDING LINE 

BLDG BUILDING 

BLK BLOCK
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BOT BOTTOM
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BT BOLT 
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BACKDRAFT DAMPER
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CDWP CONDENSER WATER PUMP 
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CONTR CONTRACTOR 
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CP CONCRETE PLANK OR 

CONTROL PANEL, OR 

CONTROL POINT
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DIM DIMENSION 

DISC DISCONNECT 
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DJ DISMANTLING JOINT
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DL DEAD LOAD 

DN DOWN 

DOZ DOZEN

DP DISTRIBUTION PANEL

DS DISCONNECT SWITCH

D/S DOWNSTREAM

DT DAY TANK 

DWG(S) DRAWING(S) 

DWL DOWEL

EA EACH
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ECH ELECTRIC CABINET HEATER

ED EQUIPMENT DRAIN

EDH ELECTRIC DUCT HEATER

EDP EMERGENCY DISTRIBUTION 

PANEL

EE EACH END

EEW EMERGENCY EYE WASH 

EF EACH FACE OR EXHAUST FAN

EFF EFFLUENT 

EHH ELECTRICAL HANDHOLE

EL ELEVATION

ELEC ELECTRICAL

ELP EMERGENCY LIGHTING 

PANEL

EMH ELECTRICAL MANHOLE

ENGR ENGINEER 

ENT ENTRANCE 

EOG EDGE OF GRAVEL 

EOP EDGE OF PAVEMENT

EPP EMERGENCY POWER PANEL

EPX EPOXY

EQ EQUAL 

EQPT EQUIPMENT

ERH ELECTRIC WIRE ROPE HOIST

ES EMERGENCY SHOWER OR 

EMERGENCY SWITCH

ES/EEW EMERGENCY SHOWER AND 

EYEWASH

ET EXPANSION TANK

EUH ELECTRIC UNIT HEATER 

EW EACH WAY

EWC ELECTRIC WATER COOLER

EWH ELECTRIC WATER HEATER 

EXIST/EX EXISTING 

EXC EXCAVATE 

EXH EXHAUST 

EXP EXPANSION 

EXP JT EXPANSION JOINT

EXT EXTERIOR

F FAN

FAB FABRICATE

F&C FRAME AND COVER 

F&G FRAME AND GRATE 

FC FLUSHING CONNECTION

FCO FLOOR CLEANOUT 

FCU FAN COIL UNIT

FD FLOOR DRAIN

FDN FOUNDATION
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ELEMENT

FEF FUME EXHAUST FAN 

FH FIRE HYDRANT 

FIG FIGURE

FIN FINISH 

FIX FIXTURE

FL FLOOR 

FLEX FLEXIBLE

FLG FLANGE

FLXC FLEXIBLE CONNECTION 

FM FLOW METER
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FS FLOW SWITCH

FSD FIRE/SMOKE DAMPER 

FT FEET OR FIN TUBE HEATER

FTG FITTING

FURR FURRING OR FURRED

G GATE

GA GAUGE 

GAL GALLON 

GALV GALVANIZED 

GC GENERAL CONTRACTOR 

GEN GENERATOR  

GIH GAS INFRARED HEATER 

GPM GALLONS PER MINUTE 

GR GRADE

GRTG GRATING

GUH GAS UNIT HEATER 

GW GUY WIRE

GWH GAS WATER HEATER 

GYP GYPSUM

HB HOSE BIBB

HC HEATING COIL

HCP HORIZONTAL END SUCTION 

CENTRIFUGAL PUMP 

HDW HARDWARE 

HE HEAT EXCHANGER

HEX HEXAGONAL

HHRG HYBRID HIGH RESISTANCE 

GROUNDING 

HORIZ HORIZONTAL 

HP HORSEPOWER OR HEAT 

PUMP

HPT HIGH POINT

HRU HEAT RECOVERY UNIT

HRG HIGH RESISTANCE 

GROUNDING

HSCP HORIZONTAL SPLIT CASE 

PUMP 

HUM HUMIDIFIER

HVAC HEATING, VENTILATION AND 

AIR CONDITIONING 

HW HEADWALL

HWB HEATING WATER BOILER

HWCH HEATING WATER CABINET 

HEATER

HWL HIGH WATER LEVEL

HWP HEATING WATER PUMP 
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HYD HYDRAULIC

I IRON 

I&C INSTRUMENTATION AND 

CONTROLS

ID INSIDE DIAMETER 

IF INSIDE FACE 
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INCL INCLUDED 

INF INFLUENT

INSUL INSULATION

INT INTERIOR 

INV INVERT

IPP INSTRUMENT POWER PANEL

JB JUNCTION BOX 

JCT JUNCTION

JT JOINT

L LENGTH/ANGLE 

LA LINE AHEAD 

LAB LABORATORY 

LAM LAMINATED 

LAT LATERAL 

LAV LAVATORY 

LB POUND OR LINE BACK

LD COMBINATION 

LOUVER/DAMPER 

LF LINEAR FEET 

LG LONG

LI LEVEL INDICATOR

LIP LIGHTING INDICATING 

PANEL

LL LIVE LOAD  

LLH LONG LEG HORIZONTAL 

LLV LONG LEG VERTICAL

LP LIGHTING PANEL 

LPT LOW POINT

LRG LOW RESISTANCE 
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LS LEVEL SWITCH

LTG LIGHTING 

LVR LOUVER 

LWL LOW WATER LEVEL

MAINT MAINTENANCE

MANUF MANUFACTURER 

MATL MATERIAL

MAU MAKE UP AIR HANDLING 

UNIT 

MAX MAXIMUM

MCC MOTOR CONTROL CENTER

MCLU MOTOR CONTROL LINE-UP

MECH MECHANICAL 

MET METAL

MFR MANUFACTURER 

MFM MAGNETIC FLOW METER

MG MILLION GALLONS 

MGD MILLION GALLONS PER DAY 

MJ MECHANICAL JOINT

MH MANHOLE 

MIN MINIMUM 

MISC MISCELLANEOUS 

MLDG MOLDING 

MO MASONRY OPENING 

MOD MODIFY OR MODIFIED 

MON MONUMENT

MOPO MAINTENANCE OF PLANT 

OPERATIONS

MOV MOTOR OPERATED VALVE

MTD MOUNTED 

MTG MOUNTING 

MULT MULTIPLE

N NORTH 

NA NOT APPLICABLE 

NAD '83 NORTH AMERICAN DATUM OF 

1983

NAVD '88 NORTH AMERICAN VERTICAL 

DATUM OF 1988 

NC NORMALLY CLOSED

NF NEAR FACE

NGVD '29 NATIONAL GEODETIC 

VERTICAL DATUM OF 1929 

NIC NOT IN CONTRACT 

No. NUMBER

NO NORMALLY OPEN 

NOM NOMINAL

NPT NATIONAL PIPE THREAD

NTS NOT TO SCALE

OC ON CENTER 

OD OUTSIDE DIAMETER OR 

OVERHEAD DOOR

OF OUTSIDE FACE 

OHE OVERHEAD ELECTRIC

OML OIL MIST LUBRICATOR 

OPER OPERATOR 

OPNG OPENING 

OPP OPPOSITE

ORF OIL REMOVAL FILTER

ORIG ORIGINAL

P&ID PROCESS AND 

INSTRUMENTAION DIAGRAM

PAC PACKAGED AIR 

CONDITIONING UNIT

PAR PARALLEL 

PC POINT OF CURVE OR PIECE 

OR PERSONAL COMPUTER

PCC POINT OF COMPOUND CURVE 

PCF POUNDS PER CUBIC FOOT

PE PLAIN END

PERF PERFORATED 

PERP PERPENDICULAR

PF PROPELLER FAN 

PI POINT OF INTERSECTION

PL PROPERTY LINE OR PLATE

PLC PROGRAMMABLE LOGIC 

CONTROLLER 

PLMB PLUMBING

PNL PANEL 

PP POWER PANEL OR POWER 

POLE 

PREFAB PREFABRICATED

PROP PROPOSED

PRVN POWER ROOF VENTILATOR

PSF POUNDS PER SQUARE FOOT 

PSI POUNDS PER SQUARE INCH

PSU POWER SUPPLY UNIT

PVMT PAVEMENT 

QTY QUANTITY

RAD RADIUS 

RECIR RECIRCULATION

RECT RECTANGULAR

RED REDUCER

REF REFERENCE 

REG REGISTER 

REINF REINFORCING 

REM REMOVE 

REQD REQUIRED 

REST RESTRAINED 

REV REVISE

RFD REFRIGERANT AIR DRYER

RH ROOF HOOD

RIO REMOTE INPUT/OUTPUT

RJ RESTRAINED JOINT 

RM ROOM 

RND ROUND 

RO ROUGH OPENING 

RPM REVOLUTIONS PER MINUTE

RPZ REDUCED PRESSURE ZONE 

ASSEMBLY

RR RAILROAD 

RT RIGHT

RTU REMOTE TERMINAL UNIT 

R/W OR ROW RIGHT OF WAY

S SOUTH OR SLOPE 

SB SOIL BORING

SBL SURVEY BASELINE

SBMP SODIUM BISULFITE 

METERING PUMP

SCH SCHEDULE 

SCG SLUICE GATE

SCR SELECTIVE CATALYTIC 

REDUCTION

SDG SLIDE GATE 

SECT SECTION 

SERV SERVICE 

SF SQUARE FEET

SG SWITCH GEAR 

SHT(S) SHEET(S)

SI SQUARE INCH

SIL SILENCER 

SIM SIMILAR

SMH STORM MANHOLE

SP SUMP PUMP 

SPEC SPECIFICATION 

SQ SQUARE 

SSP SUBMERSIBLE SUMP PUMP 

SST STAINLESS STEEL 

STA STATION OR STACK 

STD STANDARD 

STG STORAGE OR STOP GATE 

(LOG)

STIR STIRRUP 

STL STEEL 

STRU STRUCTURAL 

SUB SUBSTITUTE 

SUCT SUCTION

SUPT SUPERINTENDENT 

SUR SURFACE 

SUSP SUSPENDED

SWD SIDE WATER DEPTH 

SYM SYMMETRICAL

T&B TOP AND BOTTOM 

T&G TONGUE AND GROOVE 

TAN TANGENT

TBA TO BE ABANDONED

TBCN TRAVELING BRIDGE CRANE 

TBM TEMPORARY BENCH MARK

TC TOP OF CURB

TCP TEMPERATURE CONTROL 

PANEL

TDH TOTAL DYNAMIC HEAD 

TECH TECHNICAL 

TEL TELEPHONE 

TEMP TEMPERATURE 

TG TEMPERED GLASS

THD THREADED

THK THICK 

THRU THROUGH

TOC TOP OF CONCRETE

TOD TOP OF DECK

TOF TOP OF FOOTING 

TOM TOP OF MASONRY/MANHOLE 

TOS TOP OF SLAB/ TOP OF STEEL 

TOW TOP OF WALL 

TOL TOLERANCE 

TYP TYPICAL

UG UNDERGROUND 

UGE UNDERGROUND ELECTRIC 

UGG UNDERGROUND GAS 

UH UNIT HEATER 

UNFIN UNFINISHED 

UNO UNLESS NOTED OTHERWISE

UPS UNINTERRUPTIBLE POWER 

SUPPLY 

U/S UPSTREAM

UTIL UTILITY

VAC VACUUM

VACP VACUUM PUMP

VAP VAPORIZER

VAV VARIABLE AIR VOLUME UNIT

VCD VOLUME CONTROL DAMPER  

VEL VELOCITY 

VENT VENTILATING OR 

VENTILATION

VERT VERTICAL

VF VANE AXIAL FAN 

VOL VOLUME 

VTR VENT THROUGH ROOF

W WEST OR WIDTH 

W/ WITH 

WF WALL FAN

WG WIRE GLASS

WH WALL HYDRANT OR WALL 

HEATER

WL WATER LEVEL

WM WATER METER

W/O WITHOUT

WP WATERPROOF 

WPFG WATER PROOFING 

WSE WATER SURFACE ELEVATION 

WSP WEATHER STRIP 

WT WEIGHT 

WV WATER VALVE 

WWF WELDED WIRE FABRIC

WWTP WASTEWATER TREATMENT 

PLANT

XFMR TRANSFORMER

XMH EXISTING MANHOLE

YH YARD HYDRANT

YI YARD INLET

YD YARD 

YR YEAR 

AAV AIR ADMITTANCE VALVE

ARV AIR RELIEF VALVE

BFPV BACKFLOW PREVENTION 

VALVE

BFV-CP CPVC BUTTERFLY VALVE

BFV-CS CARBON STEEL BUTTERFLY 

VALVE

BFV-DI CAST OR DUCTILE IRON 

BUTTERFLY VALVE

BFV-P PVC BUTTERFLY VALVE

BFV-SS STAINLESS STEEL BUTTERFLY 

VALVE

BLV-2S 2-PIECE STAINLESS STEEL BALL 

VALVE

BLV-3S 3-PIECE STAINLESS STEEL BALL 

VALVE

BLV-C CPVC BALL VALVE

BLV-MS METAL SEATED BALL VALVE

BLV-P PVC BALL VALVE

CRV COMBINATION AIR/VACUUM 

RELIEVE VALVE

CV-BFC CPVC BUTTERFLY CHECK 

VALVE

CV-BFP PVC BUTTERFLY CHECK VALVE

CV-BS BRONZE SWING CHECK VALVE

CV-CB CPVC BALL CHECK VALVE

CV-CS CPVC SWING CHECK VALVE

CV-DB DUCKBILL CHECK VALVE

CV-DD DOUBLE DOOR CHECK VALVE

CV-DI DUCTILE IRON CHECK VALVE

CV-PB PVC BALL CHECK VALVE

CV-PS PVC SWING CHECK VALVE

CV-RF RUBBER FLAPPER CHECK 

VALVE

CV-SB STEEL BALL CHECK VALVE

CV-TD TILTING DISC CHECK VALVE

DV-C CPVC DIAPHRAGM VALVE

DV-P PVC DIAPHRAGM VALVE

GLV GLOBE VALVE

GV-DD DOUBLE DISK GATE VALVE

GV-HK HIGH PERFORMANCE KNIFE 

GATE VALVE

GV-MS METAL SEATED GATE VALVE

GV-RD ROTATING DISC GATE VALVE

GV-RW RESILIENT WEDGE GATE VALVE

GV-SK STANDARD KNIFE GATE VALVE

MDV MUD VALVE

NV NEEDLE VALVE

PNV-B BONNETED PINCH VALVE

PNV-O OPEN PINCH VALVE

PV-FP FULL PORT PLUG VALVE

PV-SP STANDARD PORT PLUG VALVE

PRGV PRESSURE REGULATING VALVE

PRV PRESSURE RELIEF VALVE

SRV SURGE RELIEF VALVE

SV SOLENOID VALVE

TV TELESCOPING VALVE

VALVE DESIGNATIONS

PIPING MATERIALS

CIP CAST IRON PIPE

CMP CORRUGATED METAL PIPE

CPP CORRUGATED PLASTIC PIPE

CU COPPER PIPE 

DIP DUCTILE IRON PIPE

ERCP ELLIPTICAL REINFORCED 

CONCRETE PIPE

FRP FIBERGLASS REINFORCED 

PIPE

GSP GALVANIZED STEEL PIPE

HDPE HIGH DENSITY 

POLYETHYLENE

PE LINING POLYETHYLENE LINING

RCP REINFORCED CONCRETE 

PIPE

SSP STAINLESS STEEL PIPE

IPS IRON PIPE SIZE

PVC POLYVINYLCHLORIDE

PCCP PRESTRESSED CONCRETE 

CYLINDER PIPE

VCP VITRIFIED CLAY PIPE

VB

QUICK CONNECT COUPLING

FLUSHING CONNECTION

HOSE BIBB

BUTTERFLY VALVE

SWING CHECK VALVE

DIAPHRAGM VALVE

BALL CHECK VALVE

BALL VALVE

GLOBE VALVE

PINCH VALVE

PLUG VALVE

GATE VALVE

PRESSURE REDUCING VALVE

UNION

PRESSURE RELIEF VALVE

MOTOR OPERATED VALVE

CONTROL VALVE

SOLENOID VALVE

STRAINER

PRESSURE

RELIEF/VACUUM BREAKER VALVE
PARTITION TYPE

DOOR SCHEDULE

LOUVER TYPE

HARNESSED SLEEVE TYPE

SLEEVE TYPE COUPLING

EXPANSION JOINT

HARNESSED FLANGED

COUPLING

ADAPTER

WELDED JOINT

FLANGED JOINT

MECHANICAL, PUSH-ON OR

MECHANICAL COUPLING

WALL PENETRATION

RESTRAINED JOINT

FLEXIBLE HOSE

SINGLE LINE DRAWINGS

DOUBLE LINE DRAWINGS

FIRE EXTINGUISHER

ES/EEW

DISMANTLING JOINT

FE

##

###

L#

CHECK VALVE

NEEDLE VALVE

PRESSURE GAUGE

WITH/WITHOUT DIAPHRAGM SEAL

REDUCER

THREE WAY VALVE
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Unit Process Design

Criteria

Thickening SST Mixing Dewatering

Parameter Units Design Criteria Parameter Units Design Criteria Parameter Units Design Criteria

Sizing Basis -- 2050 MM Sizing Basis -- 2050 MM Sizing Basis -- 2050 MAX 07

Operation hrs/week 168 Operation hrs/week 168 Operation hrs/week 32

Type -- RDT Type -- Liquid/air mixing Type -- Centrifuge

Number -- 2 (1 duty / 1 standby) Number -- 3 (2 duty /1 swing) Number -- 2 (1 duty / 1 standby)

Equipment tag
-- RDT-8121

Pump Equipment tag

-- PUMP-8201
Equipment tag

-- DCEN-8301

-- RDT-8122 -- PUMP-8202 -- DCEN-8302

Solids Loading, ea lbs/hr 317 -- PUMP-8203 Solids Loading, ea lbs/hr 1970

Hydraulic Loading, ea gpm 97

Blower Equipment tag

-- BLWR-8201 Hydraulic Loading at 3%TS, ea gpm 131

Motor Size, ea hp 1.5 -- BLWR-8202 Hydraulic Loading at 2%TS, ea gpm 197

Drive -- VFD -- BLWR-8203 Main Drive / Scroll Drive, ea hp 60 / 40

Pump Type -- Chopper Pump Drive -- VFD

Thickened Sludge Pumping Blower Type -- Positive Displacement

Parameter Units Design Criteria Pumping Capacity, ea gpm 2,400 Thickening Polymer System

Sizing Basis -- 2050 MM Pump TDH ft 25 Parameter Units Design Criteria

Operation hrs/week 168 Pump Motor Size, ea hp 30 Sizing Basis -- 2050 MM

Type -- Progressing Cavity Hopper Feed Pump Drive -- Constant Speed Operation hrs/week 168

Number -- 2 (1 duty / 1 standby) Blower Capacity, ea scfm 480 Type -- Polymer blend/feed Unit

Equipment tag
PUMP-8131 Blower Discharge Pressure psi 10.5 Number -- 2 (1 duty / 1 standby)

PUMP-8132 Blower Motor Size, ea hp 20
Equipment tag

-- PMU-8111

Capacity at 3%TS, ea gpm 20.1 Blower Drive -- VFD -- PMU-8112

Capacity at 6%TS, ea gpm 10.1 Polymer Type -- Emulsion

TDH ft 25 Dewatering Feed Pumping Neat Emulsion Polymer Solution Strength %APS 40%

Motor Size, ea hp 3 Parameter Units Design Criteria Polymer Dose, maximum lb active/dton 15

Drive -- VFD Sizing Basis -- 2050 MAX 07 Turndown -- 10:1

Operation hrs/week 32 Neat Polymer Useage gph 1.0

Sludge Storage Tank (SST) Type -- Progressing Cavity Neat Polymer Make-up Dilution Ratio vol% 0.25%

Parameter Units Design Criteria Number -- 2 (1 duty / 1 standby)

Sizing Basis -- 2050 AA 1 tank in service
Equipment tag

PUMP-8301 Dewatering Polymer System

Type -- Bolted Steel PUMP-8302 Parameter Units Design Criteria

Number -- 2 Capacity at 2% TS, ea gpm 197 Sizing Basis -- 2050 MAX 07

Equipment tag
TANK-8211 Capacity at 3% TS, ea gpm 131 Operation hrs/week 32

TANK-8212 TDH ft 25 Type -- Polymer blend/feed Unit

Tank Solids Contents %TS 2 to 3 Motor Size, ea hp 10 Number -- 2 (1 duty / 1 standby)

Active Volume, ea gallons 175,705 Drive -- VFD
Equipment tag

-- PMU-8311

Tank Día, ea ft 37 -- PMU-8312

Tank SWH, ea ft 28 Polymer Type -- Emulsion

Floor slope % 8.33 Neat Emulsion Polymer Solution Strength %APS 40%

Polymer Dose, maximum lb active/dton 45

Turndown -- 10:1

Neat Polymer Useage gph 15.0

F
L

U
ID

A
B

B
R

E
V

IA
T

IO
N

FUNCTION

SPECIFICATION

SECTION MATERIAL

PIPING MATERIALS (SEE GENERAL NOTES) FIELD TEST REQUIREMENTS

BURIED PIPING EXPOSED PIPING

MINIMUM TEST

PRESSURE PSI
TEST MEDIUM

LEAKAGE

ALLOWANCE
4" DIA AND SMALLER 6" DIA AND LARGER 4" DIA AND SMALLER 6" DIA AND LARGER

TYPE OF JOINT CLASS / DESIGN TYPE OF JOINT CLASS / DESIGN TYPE OF JOINT CLASS / DESIGN TYPE OF JOINT CLASS / DESIGN

1W POTABLE WATER 40 05 17 COPPER SOLDERED TYPE K -- -- SOLDERED TYPE L -- -- 40 05 17 40 05 17 40 05 17

2W NON-POTABLE TOWN WATER
40 05 31 PVC SOCKET SCH 80 -- -- -- -- -- -- 40 05 31 40 05 31 40 05 31

40 05 31 CPVC -- -- -- -- SOCKET SCH 80 -- -- 40 05 31 40 05 31 40 05 31

AIR PROCESS AIR 40 05 24.13 STEEL -- -- -- -- WELDED WELDED 40 05 24.13 40 05 24.13 40 05 24.13

AWS ADVANCE WATER TREATMENT SLUDGE 40 05 19 DIP RESTRAINED CLASS 350 -- -- FLANGED CLASS 53 -- -- 40 05 19 40 05 19 40 05 19

BSL BLENDED SLUDGE 40 05 19 DIP RESTRAINED CLASS 350 -- -- FLANGED CLASS 53 FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

CEN CENTRATE 40 05 19 DIP -- -- RESTRAINED CLASS 350 -- -- FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

CSL COMBINED SLUDGE 40 05 19 DIP RESTRAINED CLASS 350 RESTRAINED CLASS 350 FLANGED CLASS 53 FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

DR PROCESS DRAIN GRAVITY

40 05 31 PVC SOCKET SCH 80 -- -- -- -- -- -- 40 05 31 40 05 31 40 05 31

40 05 31 CPVC -- -- -- -- SOCKET SCH 80 -- -- 40 05 31 40 05 31 40 05 31

40 05 19 DIP -- -- RESTRAINED CLASS 350 -- -- FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

FA FOUL AIR
40 05 33 HDPE -- -- BUTT FUSION SDR 11 -- -- -- -- 40 05 33 40 05 33 40 05 33

40 05 36.13 FRP -- -- -- -- BUTT AND STRAP ASTM D 2996 BUTT AND STRAP ASTM D2996 40 05 36.13 40 05 36.13 40 05 36.13

BSE BIODRYER SCRUBBER EXHAUST 40 05 31.43 PP -- -- -- -- -- --
BUTT FUSION

WELDED

ASTM D4101,

SCH 40
40 05 31.43 40 05 31.43 40 05 31.43

FLT FILTRATE 40 05 19 DIP -- -- RESTRAINED CLASS 350 -- -- FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

OF OVERFLOW 40 05 19 DIP -- -- RESTRAINED CLASS 350 -- -- FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

PLN POLYMER NEAT

40 05 31 PVC SOCKET SCH 80 -- -- -- -- -- -- 40 05 31 40 05 31 40 05 31

40 05 31 CPVC -- -- -- -- SOCKET SCH 80 -- -- 40 05 31 40 05 31 40 05 31

PLS POLYMER SOLUTION

40 05 31 PVC SOCKET SCH 80 -- -- -- -- -- -- 40 05 31 40 05 31 40 05 31

40 05 31 CPVC -- -- -- -- SOCKET SCH 80 -- -- 40 05 31 40 05 31 40 05 31

RSL RECIRCULATED SLUDGE 40 05 19 DIP RESTRAINED CLASS 350 RESTRAINED CLASS 350 FLANGED CLASS 53 FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

THS THICKENED SLUDGE 40 05 19 DIP RESTRAINED CLASS 350 RESTRAINED CLASS 350 FLANGED CLASS 53 FLANGED CLASS 53 40 05 19 40 05 19 40 05 19

WAS WASTE ACTIVATED SLUDGE 40 05 19 DIP -- -- RESTRAINED CLASS 350 -- -- -- -- 40 05 19 40 05 19 40 05 19
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SLUDGE STORAGE TANK

BIODRYERS

SOLIDS STORAGE
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GENERAL

PROCESS FLOW DIAGRAM

PROCESS FLOW DIAGRAM
NOT TO SCALE

NOTES:

1. SLUDGE STORAGE TANKS INCLUDE A TANK MIXING 

SYSTEM (NOT SHOWN FOR CLARITY) CONSISTING OF 

CHOPPER PUMPS TO RECIRCULATE SLUDGE AND 

BLOWERS TO ASSIST INTER-TANK CIRCULATION. 

BLOWERS AND CHOPPER PUMPS BOTH OPERATE ON 

A 2 DUTY/ 1 SWING ARRANGEMENT. 

2. ONLY PROCESS WITH PIPING OF 4" DIAMETER OR 

GREATER SHOWN ON THE PFD. FOR COMPLETE 

PROCESS DESCRIPTION REFERENCE THE 

INSTRUMENTATION SHEETS.

3. VALVING, CONTROL VALVES AND METERS NOT SHOW 

FOR CLARITY
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1. SEE TECHNICAL SPECIFICATIONS SECTION 01 14 00 FOR SPECIFIC CONSTRUCTION
SEQUENCE REQUIREMENTS FOR YARD PIPING TIE-INs.

2. EXISTING UTILITIES ARE SHOWN FOR GENERAL INFORMATION ONLY.  CONTRACTOR
SHALL DIG TEST PITS TO LOCATE AND DETERMINE EXACT SIZE, DEPTH, AND
LOCATION OF ALL EXISTING UTILITIES.  THIS SHALL BE IN ADVANCE OF PIPE LAYING
OPERATIONS SO THAT THE ENGINEER/OWNER HAS ADEQUATE TIME TO MAKE ANY
NECESSARY DESIGN MODIFICATIONS.

3. SOIL EXPLORATION WORK WAS PERFORMED BY KLEINFELDER OF SANTA ROSA, CA.
SOILS EXPLORATION WORK IS SOLELY TO ASSIST THE CONTRACTOR IN ASSESSING
THE NATURE AND EXTENT OF TESTING PROCEDURES REQUIRED TO MAKE THEIR OWN
DETERMINATION OF ACTUAL SUBSURFACE CONDITIONS THAT WILL BE ENCOUNTERED
DURING THE COURSE OF THE WORK. NO REPRESENTATION IS MADE OR WILL BE
GIVEN BY THE ENGINEER CONCERNING ACTUAL CONDITIONS THAT WILL BE
ENCOUNTERED. 

4. ALL EXCAVATION SUPPORT SYSTEMS WILL BE IN ACCORDANCE WITH OSHA
TRENCHING STANDARDS PART 126, SUBPART P, AMENDED TO DATE AND PER
TECHNICAL SPECIFICATION SECTION 31 00 01. CONTRACTOR SHALL BE SOLELY
RESPONSIBLE FOR THE DESIGN, INSTALLATION, PERFORMANCE, MAINTENANCE AND
REMOVAL OF ALL EXCAVATION SUPPORT. EXCAVATION SUPPORT DESIGN SHALL BE
SIGNED AND SEALED BY A PROFESSIONAL ENGINEER REGISTERED IN THE STATE OF
CALIFORNIA. ALL EXCAVATION SUPPORT DESIGN CALCULATIONS, REPORTS, ETC.
SHALL BE SUBMITTED TO THE ENGINEER PRIOR TO INSTALLATION. SEE EXCAVATION
SUPPORT REQUIREMENTS IN SPECIFICATION SECTION 31 00 01.

5. ALL DUCTILE IRON PIPE (DIP) SHALL BE RESTRAINED JOINT UNLESS OTHERWISE
NOTED. SEE TECHNICAL SPECIFICATION SECTION 40 06 20.

6. BURIED PIPELINE TO BE LAID ON CONSTANT GRADE (UP OR DOWN) TO AVOID HIGH
SPOTS BETWEEN AIR RELEASE VALVES.  MIN THREE (3.0) FEET OF COVER UNLESS
SHOWN OTHERWISE.

7. DEFLECT PROPOSED PIPE AS NECESSARY.  DO NOT EXCEED 75% OF
MANUFACTURERS RECOMMENDED DEFLECTION.

8. ALL CONCRETE AND ASPHALT ROADWAYS TO BE SAW CUT AND REPAIRED OR
OVERLAYED AS SHOWN ON DRAWINGS.

9. RESTORE ALL PAVEMENT AND GRASSED AREA TO THEIR ORIGINAL CONDITION AND
MAINTAIN UNTIL FINAL ACCEPTANCE OF THE PROJECT.

10. CONTRACTOR SHALL REMOVE TREES AND BRUSH ONLY TO EXTENTS SHOWN AS
DEMOLISH ON DRAWINGS, LEAVING AS MUCH VEGETATION AS POSSIBLE.

11. ALL ITEMS THAT ARE REMOVED OR DISTURBED DURING CONSTRUCTION ARE TO BE
REPLACED WITH EQUAL OR BETTER QUALITY THAN THE ORIGINAL, AT NO ADDITIONAL
COST TO THE OWNER.

12. WHEN EXISTING UTILITY LINES ARE EXPOSED DURING CONSTRUCTION THE
CONTRACTOR SHALL PROVIDE SUPPORT FOR THEM AS NECESSARY TO PREVENT
DAMAGE TO THE EXISTING UTILITY.  ALL EXISTING UTILITIES SHALL REMAIN IN
SERVICE DURING CONSTRUCTION UNLESS OTHERWISE NOTED ON THE PLANS.  IF
ALLOWED, CONTRACTOR SHALL COORDINATE ALL UTILITY OUTAGES WITH OWNER
PRIOR TO DISRUPTION.

13. CONTRACTOR SHALL COORDINATE WITH PLANT STAFF TO DETERMINE EQUIPMENT
AND MATERIAL STORAGE AREAS.

14. EROSION AND SEDIMENTATION CONTROL MEASURES SHALL BE INSTALLED PRIOR TO
START OF CONSTRUCTION ACTIVITIES OR AS SOON AS PRACTICAL THEREAFTER AND
PRIOR TO EXCAVATION IN ANY AREA.  MAINTAIN ALL EROSION CONTROL MEASURES
DURING CONSTRUCTION AND REMOVE FOLLOWING COMPLETION OF CONSTRUCTION,
STABILIZATION OF PROJECT SITE AND ALL REGULATORY APPROVAL.

15. WHEN DEWATERING PITS AND TRENCHES, TURBID WATER SHALL BE PUMPED
THROUGH A FILTER BAG, OR OTHER APPROVED SEDIMENT FILTERING DEVICE
BEFORE DISCHARGING.

16. ADDITIONAL EROSION CONTROL FEATURES MAY BE REQUIRED BASED ON FIELD
CONDITIONS AS APPROVED BY ENGINEER, OR AS DIRECTED BY PERMITTING AGENCY.

17. CONTRACTOR SHALL BE RESPONSIBLE FOR ANY WASTEWATER SPILLS THAT OCCUR
DURING CONSTRUCTION AND ASSOCIATED FINES FROM STATE REGULATORY
AGENCIES.  CONTRACTOR SHALL NOTIFY OWNER IMMEDIATELY IN THE EVENT OF A
SPILL.  CONTRACTOR SHALL PROVIDE A WASTEWATER SPILL CONTINGENCY PLAN TO
SHOW LEVEL OF PREPAREDNESS PRIOR TO EXCAVATING IN PROXIMITY OF BURIED
WASTEWATER CONVEYANCE FACILITIES.

18. THE CONTRACTOR SHALL ADHERE TO ALL CONDITIONS AND REQUIREMENTS OF ALL
PERMITS THAT HAVE BEEN OBTAINED AND ALL AVAILABLE LOCAL, STATE AND
FEDERAL REGULATIONS. SEE CONTRACT SPECIFICATIONS.

19. CONTRACTOR SHALL BE RESPONSIBLE FOR MAKING SITE ACCESSIBLE FOR PLANT
AND OPERATIONS VEHICLES AT ALL TIMES.

20. HORIZONTAL DATUM IS NAD83, ZONE 2, METERS.

21. ALL VERTICAL DATUM (ELEVATIONS) ARE BASED ON NAVD88.

22. IN ALL CASES, DI-ELECTRIC BUFFERS ARE TO BE USED BETWEEN DISSIMILAR METALS.

23. LOCATION OF OVERHEAD ELECTRICAL POLES AND GUY WIRES ARE SHOWN FOR
REFERENCE ONLY. CONTRACTOR SHALL FIELD VERIFY.

1. PERFORM EROSION PREVENTION AND SEDIMENT CONTROL IN ACCORDANCE WITH
CHAPTER 11 AND CHAPTER 11A OF THE SONOMA COUNTY CODE (SCC).

2. THE CONTRACTOR IS RESPONSIBLE FOR PREVENTING STORM WATER POLLUTION
GENERATED FROM THE CONSTRUCTION SITE YEAR ROUND. WORK SITES WITH
INADEQUATE EROSION PREVENTION AND/OR SEDIMENT CONTROL MAY BE SUBJECT
TO A STOP WORK ORDER AND/OR ADDITIONAL INSPECTION FEES TO VERIFY
COMPLIANCE WITH THE SCC.

3. IF DISCREPANCIES OCCUR BETWEEN THESE NOTES, MATERIAL REFERENCED ON THE
APPROVED PLANS OR MANUFACTURER’S RECOMMENDATIONS, THEN THE MOST
PROTECTIVE SHALL APPLY.

4. AT ALL TIMES THE CONTRACTOR IS RESPONSIBLE FOR COMPLYING WITH THE STATE
OF CALIFORNIA NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES)
GENERAL PERMIT FOR STORM WATER DISCHARGES ASSOCIATED WITH
CONSTRUCTION AND LAND DISTURBING ACTIVITIES SUCH AS CLEARING, GRADING,
EXCAVATION, STOCKPILING, AND RECONSTRUCTION OF EXISTING FACILITIES
INVOLVING REMOVAL AND REPLACEMENT.

5. THE CONTRACTOR MUST IMPLEMENT AN EFFECTIVE COMBINATION OF EROSION
PREVENTION AND SEDIMENT CONTROL ON ALL DISTURBED AREAS DURING THE RAINY
SEASON (OCTOBER 1 - APRIL 30). GRADING AND DRAINAGE IMPROVEMENT SHALL BE
PERMITTED DURING THE RAINY SEASON ONLY WHEN ON-SITE SOIL CONDITIONS
PERMIT THE WORK TO BE PERFORMED IN COMPLIANCE WITH THE SCC.

6. DURING THE RAINY SEASON, STORM WATER BMPs REFERENCED OR DETAILED IN
PERMIT SONOMA’S BMPS GUIDE SHALL BE IMPLEMENTED AND FUNCTIONAL ON THE
SITE AT ALL TIMES AND THE AREA OF ERODIBLE LAND EXPOSED AT ANY ONE TIME
DURING THE WORK SHALL NOT EXCEED ONE ACRE OR 20 PERCENT OF THE
PERMITTED WORK AREA, WHICHEVER IS GREATER, AND THE TIME OF EXPOSURE
SHALL BE MINIMIZED TO THE MAXIMUM EXTENT PRACTICABLE.

7. DURING THE NON-RAINY SEASON, ON ANY DAY WHEN THE NATIONAL WEATHER
SERVICE FORECAST IS A CHANCE OF RAIN OF 30 PERCENT OR GREATER WITHIN THE
NEXT 24 HOURS, STORM WATER BMPS REFERENCED OR DETAILED IN PERMIT
SONOMA’S BMPS GUIDE SHALL BE IMPLEMENTED AND FUNCTIONAL ON THE SITE TO
PREVENT SOIL AND OTHER POLLUTANT DISCHARGES. AT ALL OTHER TIMES, BMPS
SHOULD BE STORED ON SITE IN PREPARATION FOR INSTALLATION PRIOR TO RAIN
EVENTS.

8. EROSION PREVENTION AND SEDIMENT CONTROL BMPS SHALL BE INSPECTED BY THE
CONTRACTOR BEFORE FORECASTED STORM EVENTS AND AFTER STORM EVENTS TO
ENSURE BMPS ARE FUNCTIONING PROPERLY. EROSION PREVENTION AND SEDIMENT
CONTROL BMPS THAT HAVE FAILED OR ARE NO LONGER EFFECTIVE SHALL BE
PROMPTLY REPLACED. EROSION PREVENTION AND SEDIMENT CONTROL BMPS SHALL
BE MAINTAINED UNTIL DISTURBED AREAS ARE STABILIZED.

9. THE LIMITS OF GRADING SHALL BE DEFINED AND MARKED ON SITE TO PREVENT
DAMAGE TO SURROUNDING TREES AND OTHER VEGETATION. PRESERVATION OF
EXISTING VEGETATION SHALL OCCUR TO THE MAXIMUM EXTENT PRACTICABLE. ANY
EXISTING VEGETATION WITHIN THE LIMITS OF GRADING THAT IS TO REMAIN
UNDISTURBED BY THE WORK SHALL BE IDENTIFIED AND PROTECTED FROM DAMAGE
BY MARKING, FENCING, OR OTHER MEASURES.

10. CHANGES TO THE EROSION PREVENTION AND SEDIMENT CONTROL PLAN MAY BE
MADE TO RESPOND TO FIELD CONDITIONS IF THE ALTERNATIVE BMPS ARE
EQUIVALENT OR MORE PROTECTIVE THAN THE BMPS SHOWN ON THE APPROVED
PLANS. ALTERNATIVE BMPS ARE SUBJECT TO REVIEW AND APPROVAL BY PERMIT
SONOMA STAFF.

11. DISCHARGES OF POTENTIAL POLLUTANTS FROM CONSTRUCTION SITES SHALL BE
PREVENTED USING SOURCE CONTROLS TO THE MAXIMUM EXTENT PRACTICABLE.
POTENTIAL POLLUTANTS INCLUDE BUT ARE NOT LIMITED TO: SEDIMENT, TRASH,
NUTRIENTS, PATHOGENS, PETROLEUM HYDROCARBONS, METALS, CONCRETE,
CEMENT, ASPHALT, LIME, PAINT, STAINS, GLUES, WOOD PRODUCTS, PESTICIDES,
HERBICIDES, CHEMICALS, HAZARDOUS WASTE, SANITARY WASTE, VEHICLE OR
EQUIPMENT WASH WATER, AND CHLORINATED WATER.

12. ENTRANCE(S) TO THE CONSTRUCTION SITE SHALL BE MAINTAINED IN A CONDITION
THAT WILL PREVENT TRACKING OR FLOWING OF POTENTIAL POLLUTANTS OFF SITE.
POTENTIAL POLLUTANTS DEPOSITED ON PAVED AREAS WITHIN THE COUNTY
RIGHT-OF- WAY, SUCH AS ROADWAYS AND SIDEWALKS, SHALL BE PROPERLY
DISPOSED OF AT THE END OF EACH WORKING DAY OR MORE FREQUENTLY AS
NECESSARY. THE CONTRACTOR SHALL BE RESPONSIBLE FOR CLEANING
CONSTRUCTION VEHICLES LEAVING THE SITE ON A DAILY BASIS TO PREVENT DUST,
SILT, AND DIRT FROM BEING RELEASED OR TRACKED OFF SITE. ALL SEDIMENT
DEPOSITED ON PAVED ROADWAYS SHALL BE REMOVED AT THE END OF EACH
WORKING DAY OR MORE OFTEN, AS NECESSARY. WATER SHALL NOT BE USED TO
WASH DOWN SEDIMENT DEPOSITED IN ROADWAYS.

13. ALL DISTURBED AREAS SHALL BE PROTECTED BY USING EROSION PREVENTION BMPS

TO THE MAXIMUM EXTENT PRACTICABLE, SUCH AS ESTABLISHING VEGETATION
COVERAGE, HYDROSEEDING, STRAW MULCH, GEOTEXTILES, PLASTIC COVERS,
BLANKETS, OR MATS. TEMPORARY REVEGETATION SHALL BE INSTALLED AS SOON AS
PRACTICAL AFTER VEGETATION REMOVAL, BUT IN ALL CASES PRIOR TO OCTOBER 1.
PERMANENT REVEGETATION OR LANDSCAPING SHALL BE INSTALLED PRIOR TO FINAL
INSPECTION.

14. WHENEVER IT IS NOT POSSIBLE TO USE EROSION PREVENTION BMPS ON EXPOSED
SLOPES, SEDIMENT CONTROL BMPs SUCH AS FIBER ROLLS AND SILT FENCES SHALL
BE INSTALLED TO PREVENT SEDIMENT MIGRATION. FIBER ROLLS AND SILT FENCES
SHALL BE TRENCHED AND KEYED INTO THE SOIL AND INSTALLED ON CONTOUR. SILT
FENCES SHALL BE INSTALLED APPROXIMATELY 2 TO 5 FEET FROM TOE OF SLOPE.

15. HYDROSEEDING SHALL BE CONDUCTED IN A THREE STEP PROCESS. FIRST, EVENLY
APPLY SEED MIX AND FERTILIZER TO THE EXPOSED SLOPE. SECOND, EVENLY APPLY
MULCH OVER THE SEED AND FERTILIZER. THIRD, STABILIZE THE MULCH IN PLACE. AN
EQUIVALENT SINGLE STEP PROCESS, WITH SEED, FERTILIZER, WATER, AND BONDED
FIBERS IS ACCEPTABLE.

APPLICATIONS SHALL BE BROADCASTED MECHANICALLY OR MANUALLY AT THE
RATES SPECIFIED BELOW. SEED MIX AND FERTILIZER SHALL BE WORKED INTO THE
SOIL BY ROLLING OR TAMPING. IF STRAW IS USED AS MULCH, STRAW SHALL BE
DERIVED FROM WHEAT, RICE, OR BARLEY AND BE APPROXIMATELY SIX TO EIGHT
INCHES IN LENGTH. STABILIZATION OF MULCH SHALL BE DONE HYDRAULICALLY BY
APPLYING AN EMULSION OR MECHANICALLY BY CRIMPING OR PUNCHING THE MULCH
INTO THE SOIL. EQUIVALENT METHODS AND MATERIALS MAY BE USED ONLY IF THEY
ADEQUATELY PROMOTE VEGETATION GROWTH AND PROTECT EXPOSED SLOPES.

MATERIALS AND APPLICATION RATE (POUNDS PER ACRE)
SEED MIX

BROMUS MOLLIS (BLANDO BROME) - 40 POUNDS
TRIFOLIUM HIRTUM (HYKON ROSE CLOVER) - 20 POUNDS

FERTILIZER
16-20-0 & 15% SULPHUR - 500 POUNDS

MULCH
STRAW - 4000 POUNDS

HYDRAULIC STABILIZING

NON-ASPHALTIC, DERIVED FROM PLANTS
M-BINDER OR SENTINEL - 75-100 POUNDS

EQUIVALENT MATERIAL
PER MANUFACTURER

16. DUST CONTROL SHALL BE PROVIDED BY THE CONTRACTOR DURING ALL PHASES OF
CONSTRUCTION.

17. STORM DRAIN INLETS SHALL BE PROTECTED FROM POTENTIAL POLLUTANTS UNTIL
DRAINAGE CONVEYANCE SYSTEMS ARE FUNCTIONAL AND CONSTRUCTION IS
COMPLETE.

18. ENERGY DISSIPATERS SHALL BE INSTALLED AT STORM DRAIN OUTLETS WHICH MAY
CONVEY EROSIVE STORMWATER FLOW.

19. SOIL, MATERIAL STOCKPILES, AND FERTILIZING MATERIAL SHALL BE PROPERLY
PROTECTED WITH PLASTIC COVERS OR EQUIVALENT BMP'S TO MINIMIZE SEDIMENT
AND POLLUTANT TRANSPORT FROM THE CONSTRUCTION SITE.

20. SOLID WASTE, SUCH AS TRASH, DISCARDED BUILDING MATERIALS, AND DEBRIS,
SHALL BE PLACED IN DESIGNATED COLLECTION AREAS OR CONTAINERS. THE
CONSTRUCTION SITE SHALL BE CLEARED OF SOLID WASTE DAILY OR AS NECESSARY.
REGULAR REMOVAL AND PROPER DISPOSAL SHALL BE COORDINATED BY THE
CONTRACTOR.

21. A CONCRETE WASHOUT AREA SHALL BE DESIGNATED TO CLEAN CONCRETE TRUCKS
AND TOOLS. AT NO TIME SHALL CONCRETE PRODUCTS AND WASTE BE ALLOWED TO
ENTER COUNTY WATERWAYS SUCH AS CREEKS OR STORM DRAINS. NO WASHOUT OF
CONCRETE, MORTAR MIXERS, OR TRUCKS SHALL BE ALLOWED ON THE SOIL.
CONCRETE WASTE SHALL BE PROPERLY DISPOSED.

22. PROPER APPLICATION, CLEANING, AND STORAGE OF POTENTIALLY HAZARDOUS
MATERIALS, SUCH AS PAINTS AND CHEMICALS, SHALL BE CONDUCTED TO PREVENT
THE DISCHARGE OF POLLUTANTS.

23. TEMPORARY RESTROOMS AND SANITARY FACILITIES SHALL BE LOCATED AND
MAINTAINED DURING CONSTRUCTION ACTIVITIES TO PREVENT THE DISCHARGE OF
POLLUTANTS.

24. APPROPRIATE VEHICLE STORAGE, FUELING, MAINTENANCE, AND CLEANING AREAS
SHALL BE DESIGNATED AND MAINTAINED TO PREVENT THE DISCHARGE OF
POLLUTANTS.

GRADING AND DRAINAGE NOTESGENERAL CIVIL NOTES
1. PERFORM GRADING AND DRAINAGE IMPROVEMENTS IN ACCORDANCE WITH CHAPTER

11 AND 11A OF THE SONOMA COUNTY CODE (SCC), APPLICABLE SONOMA COUNTY
REGULATIONS AND, IF APPLICABLE, TO THE RECOMMENDATIONS OF THE SOILS
REPORT PREPARED BY KLEINFELDER OF SANTA ROASA AND DATED 11/01/2022.

2. ALL WORK SHALL BE DONE IN COMPLIANCE WITH THE APPROVED PLANS AND
SPECIFICATIONS. THE APPROVED PLANS AND SPECIFICATIONS SHALL NOT BE
CHANGED WITHOUT THE WRITTEN APPROVAL OF THE SONOMA COUNTY PERMIT AND
RESOURCE MANAGEMENT DEPARTMENT (PERMIT SONOMA). PROPOSED
MODIFICATIONS TO THE APPROVED PLANS AND SPECIFICATIONS SHALL BE SUBMITTED
TO PERMIT SONOMA IN WRITING, TOGETHER WITH ALL NECESSARY TECHNICAL
INFORMATION AND DESIGN DETAILS. THE CONTRACTOR SHALL IMMEDIATELY NOTIFY
THE PROPERTY OWNER AND ENGINEER OF RECORD, IF APPLICABLE, UPON
DISCOVERING DISCREPANCIES, ERRORS, OR OMISSIONS IN THE APPROVED PLANS.
PRIOR TO PROCEEDING, THE PROPERTY OWNER SHALL HAVE THE APPROVED PLANS
REVISED TO CLARIFY IDENTIFIED DISCREPANCIES, ERRORS, OR OMISSIONS. PERMIT
SONOMA MAY REQUIRE UNAUTHORIZED WORK TO BE REDONE OR REMOVED TO
VERIFY COMPLIANCE WITH SCC. PERMIT SONOMA MAY INITIATE ENFORCEMENT ACTION
AND SEEK THE IMPOSITION OF CIVIL PENALTIES FOR VIOLATIONS OF SCC.

3. THE GRADING OR DRAINAGE PERMIT AND A COPY OF THE APPROVED PLANS SHALL BE
MAINTAINED ON THE PROJECT SITE THROUGHOUT THE DURATION OF.

4. PERMIT SONOMA MAY ORDER THAT ANY WORK STOP IMMEDIATELY IF IT IS PERFORMED
CONTRARY TO CHAPTER 11 AND 11A OF THE SCC, THE APPROVED PLANS AND
SPECIFICATIONS, PERMIT CONDITIONS, OR ANY WORK THAT HAS BECOME HAZARDOUS
TO PROPERTY OR THE PUBLIC. A GRADING OR DRAINAGE PERMIT MAY BE SUSPENDED,
REVOKED, OR MODIFIED BY PERMIT SONOMA IN ACCORDANCE WITH SCC 11.24.080.

5. ISSUANCE OF A GRADING OR DRAINAGE PERMIT BY PERMIT SONOMA DOES NOT
ELIMINATE THE RESPONSIBILITY OF THE PROPERTY OWNER TO SECURE PERMITS
FROM OTHER AGENCIES WITH REGULATORY RESPONSIBILITIES FOR THE USES AND
CONSTRUCTION ACTIVITIES ASSOCIATED WITH THE WORK SHOWN ON THE APPROVED
PLANS. FAILURE TO OBTAIN ALL REQUIRED PERMITS MAY RESULT IN FINES FROM
OTHER AGENCIES.

6. EXISTING DRAINAGE COURSES RECEIVING WATERS FROM THE PROJECT SITE AND
LOCATED THROUGHOUT THE PROJECT SITE SHALL REMAIN OPEN AND CLEAR OF
DEBRIS TO PROPERLY CONVEY STORM WATER. IF EXISTING DRAINAGE COURSES
RECEIVING WATERS FROM THE PROJECT SITE ARE LOCATED IN THE COUNTY
RIGHT-OF-WAY AND NEED MAINTENANCE, CONTACT THE DEPARTMENT OF
TRANSPORTATION AND PUBLIC WORKS AT (707) 565-2231 FOR FURTHER ASSISTANCE. IN
ANY EVENT, THE  CONTRACTOR SHALL BE HELD LIABLE FOR ANY DAMAGE DUE TO
OBSTRUCTING NATURAL DRAINAGE PATTERNS.

7. THE CONTRACTOR SHALL CONTACT THE UNDERGROUND SERVICE ALERT (USA), AT 811,
AT LEAST TWO WORKING DAYS, BUT NOT MORE THAN 14 CALENDAR DAYS, PRIOR TO
EXCAVATION. THE CONTRACTOR SHALL UNCOVER RELEVANT UTILITIES TO VERIFY
THEIR LOCATION AND ELEVATION. IF UNEXPECTED OR CONFLICTING UTILITIES ARE
ENCOUNTERED DURING EXCAVATION, NOTIFY USA, THE UTILITY OWNER, AND/OR THE
ENGINEER OF RECORD, IF APPLICABLE, IMMEDIATELY. UTILITIES INCLUDE BUT ARE NOT
LIMITED TO WATER, SEWER, ELECTRICAL, GAS, TELEPHONE, AND CABLE/TV. THE
EXCAVATOR SHALL DELINEATE WITH PAINT OR OTHER SUITABLE MARKINGS THE AREA
TO BE EXCAVATED.

8. IN THE EVENT CULTURAL RESOURCES (SUCH AS HISTORICAL, ARCHAEOLOGICAL, AND
PALEONTOLOGICAL RESOURCES, AND HUMAN REMAINS) ARE DISCOVERED DURING
GRADING OR OTHER CONSTRUCTION ACTIVITIES, WORK SHALL IMMEDIATELY BE
HALTED WITHIN THE VICINITY OF THE FIND. THE NORTHWEST INFORMATION CENTER
SHALL BE NOTIFIED AT (707) 588-8455. A QUALIFIED ARCHEOLOGIST SHALL BE
CONSULTED FOR AN ON-SITE EVALUATION. ADDITIONAL MITIGATION MAY BE REQUIRED
BY THE COUNTY PER THE ARCHEOLOGIST’S RECOMMENDATIONS AND SCC 11.16.050. IF
HUMAN BURIALS OR HUMAN REMAINS ARE ENCOUNTERED, THE CONTRACTOR SHALL
ALSO NOTIFY THE COUNTY CORONER AT (707) 565-5070.

9. SHOULD GRADING OPERATIONS ENCOUNTER HAZARDOUS MATERIALS, OR WHAT
APPEAR TO BE HAZARDOUS MATERIALS, STOP WORK IMMEDIATELY IN THE
CONTAMINATED AREA AND CONTACT 911 OR THE APPROPRIATE AGENCY FOR
FURTHER INSTRUCTION.

10. RETAINING WALLS, UNLESS EXEMPTED PER SCC 7.13(A)(3)4, ARE NOT APPROVED
UNDER A GRADING PERMIT. A SEPARATE BUILDING PERMIT IS REQUIRED.

11. EQUIPMENT SHALL NOT CROSS OR DISTURB CHANNELS OF ACTIVELY FLOWING
STREAMS WITHOUT A PERMIT SONOMA APPROVED ROILING PERMIT AND BEST
MANAGEMENT PRACTICES (SCC 23.1 AND 11.16.060.D).

12. GRADING AND DRAINAGE IMPROVEMENTS SHALL BE SET BACK FROM LAKES, PONDS,
STREAMS, AND WETLANDS IN COMPLIANCE WITH THE REQUIREMENTS OF SCC
11.16.100, 11.16.120, AND 11.16.130. EXISTING VEGETATION SHALL BE RETAINED IN
STREAM SETBACK AREAS TO FILTER SOIL AND OTHER POLLUTANTS CARRIED IN STORM
WATER.

13. EXCESS SOIL SHALL BE REMOVED FROM THE PROJECT SITE UNLESS DEPICTED TO
REMAIN ON SITE PER THE APPROVED PLAN. THE SITE RECEIVING SOIL MAY REQUIRE A
GRADING PERMIT UNLESS EXEMPTED BY SCC 11.04.010.C.

14. CONTOURS, ELEVATIONS, AND SHAPES OF FINISHED SURFACES SHALL BE BLENDED
WITH ADJACENT NATURAL TERRAIN TO ACHIEVE A CONSISTENT GRADE AND NATURAL
APPEARANCE. BORDERS OF CUT SLOPES AND FILLS SHALL BE ROUNDED OFF TO A
MINIMUM RADIUS OF FIVE FEET TO BLEND WITH THE NATURAL TERRAIN.

15. FILL MATERIAL SHALL NOT INCLUDE ORGANIC, FROZEN, OR OTHER DELETERIOUS
MATERIALS. NO ROCK OR SIMILAR IRREDUCIBLE MATERIAL GREATER THAN THREE
INCHES IN ANY DIMENSION SHALL BE INCLUDED IN FILLS EXCEPT WHERE APPROVED BY
THE SOILS ENGINEER. FILLS SHALL BE CONSTRUCTED IN LIFTS NOT EXCEEDING EIGHT
INCHES IN DEPTH. COMPLETED FILLS SHALL BE STABLE, WELL-INTEGRATED, AND
BONDED TO ADJACENT MATERIALS AND THE MATERIALS ON WHICH THEY REST. FILLS
SHALL BE COMPETENT TO SUPPORT ANTICIPATED LOADS AND BE STABLE AT THE
DESIGN SLOPES SHOWN ON THE APPROVED PLANS AND SPECIFICATIONS OR AS
DIRECTED BY THE SOILS ENGINEER.

16. GROUND SURFACES SHALL BE PREPARED TO RECEIVE FILL BY REMOVING
VEGETATION, TOPSOIL, AND OTHER UNSUITABLE MATERIALS, AND SCARIFYING THE
GROUND TO PROVIDE A BOND WITH THE FILL MATERIAL.

17. FILL SHALL NOT BE PLACED ON NATURAL SLOPES STEEPER THAN 2H:1V (50 PERCENT).

18. FILLS INTENDED TO SUPPORT STRUCTURES OR SURCHARGES SHALL BE COMPACTED
TO A MINIMUM OF 92 PERCENT OF MAXIMUM DRY DENSITY, AS DETERMINED BY ASTM D
1557, MODIFIED PROCTOR. A HIGHER COMPACTION PERCENTAGE MAY BE REQUIRED
BY THE SOILS ENGINEER.

19. FILLS NOT INTENDED TO SUPPORT STRUCTURES OR SURCHARGES SHALL BE
COMPACTED AS FOLLOWS:

19.1. FILL GREATER THAN THREE FEET IN DEPTH SHALL BE COMPACTED TO THE
DENSITY SPECIFIED BY THE SOILS ENGINEER.

19.2. FILLS NO GREATER THAN THREE FEET IN DEPTH SHALL BE COMPACTED TO THE
DENSITY NECESSARY FOR THE INTENDED USE OR AS DIRECTED BY THE SOILS
ENGINEER.

EROSION PREVENTION AND SEDIMENT CONTROL
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GENERAL STRUCTURAL NOTES GENERAL STRUCTURAL NOTES, CONTINUED CONCRETE (CAST-IN-PLACE)

THESE NOTES ARE GENERAL AND SUPPLEMENT THE SPECIFICATIONS.  THESE NOTES APPLY TO THE ENTIRE PROJECT UNLESS 
MODIFIED OR NOTED OTHERWISE IN THE CONTRACT DOCUMENTS.

STANDARD DETAILS SHALL BE USED WHEN REFERRED TO OR WHEN NO MORE RESTRICTIVE OR DIFFERENT DETAILS ARE SHOWN 
ON THE DRAWINGS.

DESIGN IS IN ACCORDANCE WITH AND CONSTRUCTION SHALL COMPLY WITH THE PROVISIONS OF THE CALIFORNIA BUILDING CODE 
THE DESIGN LOADS AND OTHER DESIGN VALUES GIVEN IN NOTES G-4 THROUGH G-8 WERE USED FOR DESIGN OF STRUCTURES 
UNLESS NOTED OTHERWISE ON THE DRAWINGS.

LIVE LOADS:

C-1

C-2

C-3

C-4

C-5

C-6

C-7

C-8

C-9

C-10

C-11

C-12

C-13

C-14

G-15

G-16

G-17

IF CONTRACTOR DESIRES TO TEMPORARILY PLACE OR MOVE LOADS ON OR ADJACENT TO EXISTING STRUCTURES OR UTILITIES DURING 
CONSTRUCTION PROCESS, CONTRACTOR IS EXCLUSIVELY RESPONSIBLE FOR MAINTAINING STRUCTURAL INTEGRITY AND AVOIDING 
OVERSTRESSING AND DAMAGING EXISTING STRUCTURES AND UTILITIES.  CONTRACTOR SHALL SUBMIT STRUCTURAL CALCULATIONS AND 
DRAWINGS VERIFYING THAT PROPOSED CONSTRUCTION {INCLUDING APPLICATION OF TEMPORARY CONSTRUCTION LOADS} WILL NOT 
OVERSTRESS OR DAMAGE EXISTING STRUCTURES AND UTILITIES.  DRAWINGS AND CALCULATIONS SHALL BE SEALED BY A PROFESSIONAL 
ENGINEER CURRENTLY REGISTERED IN THE STATE OF CALIFORNIA BUILDING CODE.

NO BACKFILL SHALL BE PLACED AGAINST ANY SUBSTRUCTURE WALLS UNLESS ALL ADJACENT SUPPORTING ELEMENTS HAVE ACHIEVED DESIGN 
STRENGTH, OR WALLS HAVE BEEN PROPERLY BRACED, AND IN ANY CASE NOT SOONER THAN 28 DAYS AFTER THE PLACING OF CONCRETE 
UNLESS APPROVED BY THE ENGINEER.  SUPPORTING ELEMENTS SHALL INCLUDE ADJACENT WALLS, SLABS, BEAMS AND COLUMNS.

LEAKAGE TESTING OF HYDRAULIC STRUCTURES SHALL NOT BEGIN UNTIL ALL STRUCTURAL ELEMENTS HAVE REACHED THE SPECIFIED MINIMUM 
CONCRETE STRENGTH.  BACKFILL SHALL NOT BE PLACED AROUND ANY HYDRAULIC STRUCTURE UNTIL THE LEAKAGE TEST HAS BEEN 
COMPLETED UNLESS APPROVED BY THE ENGINEER.

G-1

G-2

G-3

G-4

G-5

G-6

G-7

G-8

G-9

G-10

G-11

G-12

G-13

G-14

-ALL STAIRWAYS, LANDINGS AND PLATFORMS ARE DESIGNED FOR A LIVE LOAD = 100 PSF UNLESS NOTED OTHERWISE.

SNOW LOAD:

GROUND SNOW LOAD (Pg) = 8 PSF
FLAT-ROOF SNOW LOAD (Pf) = XX PSF

SNOW EXPOSURE FACTOR (Ce) = XX

SNOW LOAD IMPORTANCE FACTOR (Is) = XX
THERMAL FACTOR (Ct) = XX
DRIFT SURCHARGE LOAD Pd = XX
WIDTH OF SNOW DRIFT (W) = XX FT

SEISMIC LOAD:

RISK CATEGORY = III
SEISMIC IMPORTANCE FACTOR (Ie) = 1.25
SITE CLASS = 
MAPPED SPECTRAL RESPONSE ACCELERATIONS (Ss/S1) = 2.03/0.78
SPECTRAL RESPONSE ACCELERATIONS (SMS/SM1) = 2.04/1.33
SPECTRAL RESPONSE COEFFICIENTS (SDS/SD1) = 1.36/0.89
SEISMIC DESIGN CATEGORY = E

RAIN LOAD: 
RAIN INTENSITY (i) = 1.55 IN/HR

ALL DIMENSIONS INDICATED FOR EXISTING STRUCTURES SHALL BE VERIFIED BY FIELD MEASUREMENT.  ALL DIMENSIONS  THAT ARE 
CONTROLLED BY OR RELATED TO EQUIPMENT SHALL BE VERIFIED BY THE CONTRACTOR WITH THE MANUFACTURER SHOP DRAWINGS 
PRIOR TO CONSTRUCTION.

THE CONTRACTOR IS RESPONSIBLE FOR VERIFYING ALL EXISTING INFORMATION IN THE FIELD AS REQUIRED FOR NEW WORK.

IF A CONFLICT IS FOUND BETWEEN DIFFERENT PORTIONS OF THE CONTRACT DOCUMENTS, THE CONTRACTOR SHALL NOTIFY THE 
ENGINEER IMMEDIATELY.  CONTINUED CONSTRUCTION OF THE AREA IN CONFLICT SHALL BE AT THE CONTRACTOR'S OWN RISK UNTIL 
THE CONFLICT IS RESOLVED.

EQUIPMENT ANCHOR SIZES, TYPES, EMBEDMENT AND PATTERNS SHALL BE DESIGNED BY THE MANUFACTURER OF THE EQUIPMENT. IF 
EQUIPMENT MANUFACTURER IS UNABLE TO PROVIDE DESIGN OF ANCHOR EMBEDMENT, DESIGN SHALL BE BY ENGINEER RETAINED BY 
CONTRACTOR BASED ON LOADS PROVIDED BY EQUIPMENT MANUFACTURER. CONTRACTOR SHALL SUBMIT SIZE, PLACEMENT, AND 
EMBEDMENT REQUIREMENTS. ALL ANCHOR PATTERNS SHALL BE TEMPLATED TO ENSURE ACCURACY OF PLACEMENT.

STRUCTURAL DRAWINGS SHALL BE USED IN COORDINATION WITH THE DRAWINGS OF ALL OTHER DISCIPLINES AND MANUFACTURER'S 
SHOP DRAWINGS.

STRUCTURES HAVE BEEN DESIGNED FOR OPERATIONAL LOADS ON THE COMPLETED STRUCTURE.  DURING CONSTRUCTION, THE 
STRUCTURES SHALL BE PROTECTED BY BRACING AND TEMPORARY SUPPORTS WHEREVER EXCESSIVE CONSTRUCTION LOADS MAY 
OCCUR.  OVERSTRESSING OF ANY STRUCTURAL ELEMENT IS PROHIBITED.

STRUCTURAL METALS

M-1

M-2

M-3

M-4

M-5

M-6

M-7

M-8

M-9

M-10

M-11

M-12

M-13

M-14

M-15

DETAIL, FABRICATE, AND ERECT STRUCTURAL STEEL IN ACCORDANCE WITH ANSI/AISC 360 SPECIFICATION FOR STRUCTURAL 
STEEL BUILDINGS, LATEST EDITION.

STEEL MATERIAL:
A) STRUCTURAL HSS:  ASTM A500, GRADE C (46/50 KSI) OR A1085 GRADE A (50 KSI)
B) STRUCTURAL PIPE:  ASTM A53, GRADE B (35 KSI)
C) PLATES, BARS AND ANGLES: ASTM A36 UNO (36 KSI)
D) STRUCTURAL W, C, & MC SHAPES:  ASTM A992 (50 KSI)
E) STRUCTURAL M & S SHAPES: ASTM A36 (36 KSI)
F) STRUCTURAL HP ASTM A572 GRADE 50 (50 KSI)
G) ANCHOR RODS ASTM F1554 GRADE 55 (55 KSI)

PROVIDE MINIMUM 3/4" DIAMETER ASTM F3125 GRADE A325 TYPE 1 OR GRADE F1852 TYPE 1 HIGH STRENGTH BOLTS WITH SNUG 
TIGHTENED TYPE N CONNECTIONS FOR STRUCTURAL STEEL UNLESS NOTED OTHERWISE. HOLES FOR BOLTS SHALL BE 
STANDARD SIZE UNLESS NOTED OTHERWISE.

PROVIDE TYPICAL STEEL BEAM CONNECTIONS FOR A CAPACITY OF NOT LESS THAN ONE HALF OF THE TOTAL UNIFORM LOAD 
CAPACITY TABULATED IN THE AISC TABLES FOR ALLOWABLE LOADS OF BEAMS UNLESS NOTED OTHERWISE.

DO NOT PAINT STEEL SURFACES WHICH ARE TO BE WELDED OR ARE TO BE ENCASED IN CONCRETE.

ALL STAINLESS STEEL FABRICATIONS EXPOSED TO UNDERWATER SERVICE SHALL BE TYPE 316.  ALL OTHER STAINLESS STEEL 
FABRICATIONS SHALL BE TYPE 304 UNLESS NOTED OTHERWISE. 

ALUMINUM SHALL BE ALLOY 6061-T6 UNLESS NOTED OTHERWISE.

ALL BOLTS, ANCHORS, AND CONCRETE ANCHORS CONNECTING ALUMINUM SHALL BE STAINLESS STEEL TYPE 316 FOR 
UNDERWATER APPLICATIONS AND TYPE 304 FOR ALL OTHER APPLICATIONS.

ALUMINUM SHALL BE ISOLATED FROM CONTACT WITH CONCRETE AND DISSIMILAR METALS.

ALL GROOVE AND BUTT WELDS SHALL BE FULL PENETRATION.

FILLET WELD SIZES SHALL NOT BE LESS THAN THE MINIMUM SIZE REQUIRED BY AISC CODE FOR PLATE SIZES TO BE CONNECTED 
AND SHALL BE APPLIED TO THE ENTIRE JOINT CONTACT LENGTH, AND NOT LESS THAN 3/16".

ALL WELDS SHALL BE PERFORMED IN THE SHOP UNLESS NOTED BY A FIELD WELD SYMBOL OR APPROVED BY ENGINEER.

BOTTOM SURFACES OF BASE PLATES SHALL BE GROUTED TO ENSURE FULL BEARING CONTACT WITH CONCRETE SLAB.

WHENEVER ONE MEMBER IS FASTENED TO ANOTHER WITH FASTENINGS (BOLTS, WELDS, ETC.) SET AT A UNIFORM SPACING, A 
MINIMUM OF TWO FASTENINGS PER PIECE SHALL BE CONNECTED AND THE FIRST AND LAST FASTENINGS SHALL BE LOCATED 
NOT TO EXCEED 0.25 OF FASTENER SPACING FROM EACH END.

GRATING PANELS SHALL BE CONFINED TO PREVENT MOVEMENT PER STANDARD DETAIL S-05-0706. USE OF GRATING CLIP 
ATTACHMENT IS NOT ACCEPTABLE TO PREVENT GRATING MOVEMENT. 

FOUNDATIONS

F-1

F-2

F-3

F-4

CONCRETE (CAST-IN-PLACE) NOTES APPLY TO FOUNDATIONS.   

ALLOWABLE SOIL BEARING PRESSURE

MINIMUM DEPTH FROM ADJACENT FINISHED GRADE TO BOTTOM OF FOUNDATION = 18 INCHES.

STRUCTURES ARE DESIGNED FOR THE 100-YEAR FLOOD ELEVATION OF 100.00

PRECAST CONCRETE

PRECAST STRUCTURAL MEMBERS SHALL BE DESIGNED BY A PROFESSIONAL ENGINEER REGISTERED IN THE STATE OF CALIFORNIA 
OPENINGS TO ALLOW VENT PIPES, STRUCTURAL STEEL BRACING AND COLUMNS TO PASS THROUGH SHALL BE PROVIDED.

PRECAST VAULTS AND MANHOLES SHALL BE DESIGNED BY A PROFESSIONAL ENGINEER REGISTERED IN THE STATE OF CALIFORNIA  
STRUCTURAL DRAWINGS SHALL INDICATE DESIGN IS IN COMPLIANCE WITH THE CALIFORNIA BUILDING CODE.

PC-1

PC-2

DESIGN OF CONCRETE ELEMENTS INCLUDING WALLS, FORMED SLABS, BEAMS, AND COLUMNS IS IN ACCORDANCE WITH ACI 318 
(CODE REQUIREMENTS FOR STRUCTURAL CONCRETE) AND 350 (CODE REQUIREMENTS FOR ENVIRONMENTAL ENGINEERING 
CONCRETE STRUCTURES).

CONCRETE STRENGTH CLASSES (28-DAY COMPRESSIVE STRENGTH):

A) CLASS A1 CONCRETE (4,500 PSI): NORMAL WEIGHT STRUCTURAL CONCRETE TO BE USED IN ALL STRUCTURES QUALIFYING AS 
ENVIRONMENTAL CONCRETE STRUCTURES THAT ARE DESIGNED IN ACCORDANCE WITH ACI 350 INCLUDING PUMP STATIONS, 
TANKS, BASINS, PROCESS STRUCTURES, AND ANY STRUCTURES CONTAINING FLUID OR PROCESS CHEMICALS OR OTHER 
MATERIALS USED IN TREATMENT PROCESS.

B) CLASS A2 CONCRETE (4,000 PSI): NORMAL WEIGHT STRUCTURAL CONCRETE IN ALL STRUCTURES OTHER THAN STRUCTURES 
QUALIFYING AS ENVIRONMENTAL CONCRETE STRUCTURES AS DESCRIBED ABOVE, AND FOR ALL SIDEWALKS, CURB AND 
GUTTERS, AND PAVEMENT.

C) CLASS A3 CONCRETE (4,000 PSI): NORMAL WEIGHT STRUCTURAL CONCRETE TO BE USED FOR INTERIOR SLABS WHERE A 
TYPE ”D” STEEL TROWELED FINISH OR TYPE “G” HARDENED FINISH IS REQUIRED. CLASS A3 CONCRETE SHALL NOT CONTAIN 
ENTRAINED AIR. 

D) CLASS A4 CONCRETE (4,000 PSI): NORMAL WEIGHT STRUCTURAL CONCRETE TO BE USED WHERE SPECIFICALLY CALLED FOR 
ON CONTRACT DRAWINGS OR AREAS WHERE SPECIFICALLY REQUESTED BY CONTRACTOR AND APPROVED BY ENGINEER.  
CLASS A4 CONCRETE IS IDENTICAL TO CLASS A2 CONCRETE EXCEPT THAT COARSE AGGREGATE SHALL BE SIZE #8 IN 
ACCORDANCE WITH ASTM C33. 

E) CLASS B CONCRETE (3,000 PSI): NORMAL WEIGHT STRUCTURAL CONCRETE USED FOR DUCT BANK ENCASEMENTS, CATCH 
BASINS, FENCE AND GUARD POST EMBEDMENT, CONCRETE FILL, AND OTHER AREAS WHERE SPECIFICALLY NOTED ON 
CONTRACT DRAWINGS.

ALL BAR REINFORCING SHALL CONFORM TO ASTM A615, GRADE 60 UNLESS NOTED OTHERWISE. WELDED WIRE FABRIC SHALL 
CONFORM TO ASTM A1064.

CONCRETE COVER FOR REINFORCING (UNLESS NOTED OTHERWISE ON THE DRAWINGS):

A) CONCRETE DEPOSITED DIRECTLY AGAINST SOIL: 3"  
B) CONCRETE EXPOSED TO WEATHER (#5 OR SMALLER): 1 1/2" 

CONCRETE EXPOSED TO WEATHER (#6 OR LARGER): 2"        
C) SLABS: 1 1/2" 

AT SURFACES CONTACTING FLUID: 2" 
D) BEAMS AND COLUMNS (TO MAIN REINFORCEMENT): 2" 

BEAMS AND COLUMNS (TO COLUMN TIES OR STIRRUPS): 1 1/2"
E) WALLS 12" OR MORE: 2"

WALLS LESS THAN 12" (#5 OR SMALLER): 1 1/2"
WALLS LESS THAN 12" (#6 OR LARGER): 2"

F) FOR SURFACES EXPOSED TO FLUID IN BEAMS, COLUMNS AND WALLS: ADD 1/2" TO ABOVE VALUES 
   
SPLICES SHALL BE CLASS "B" CONFORMING TO THE PROVISIONS OF ACI 318 UNLESS NOTED OTHERWISE.  SPLICE LENGTH FOR 
TWO DIFFERENT SIZED BARS TO BE LAP SPLICED TOGETHER SHALL BE THE LENGTH OF THE LARGER BAR UNLESS NOTED 
OTHERWISE.

CONSTRUCTION JOINTS SHALL BE LOCATED AS SHOWN ON THE DRAWINGS.  CONSTRUCTION JOINTS NOT SHOWN SHALL BE 
SUBMITTED BY THE CONTRACTOR FOR THE APPROVAL OF THE ENGINEER PRIOR TO SUBMITTING REBAR SHOP DRAWINGS.

ALL JOINTS WHICH ARE IN MEMBERS IN CONTACT WITH LIQUID OR BELOW GRADE SHALL HAVE A WATERSTOP.  CONSTRUCTION 
JOINTS SHALL HAVE A 6" PVC RIBBED WATERSTOP.  EXPANSION JOINTS SHALL HAVE A 9" PVC CENTER BULB RIBBED 
WATERSTOP.  IN VERTICAL JOINTS, WATERSTOPS SHALL TERMINATE NO LESS THAN 18" ABOVE THE MAXIMUM WATER SURFACE 
OR 18" ABOVE GRADE, WHICHEVER IS HIGHER.

ALL EXPOSED CORNERS SHALL HAVE A 3/4" CHAMFER.

EQUIPMENT SUPPORTS, ANCHORAGES, OPENINGS, RECESSES AND REVEALS NOT SHOWN ON THE STRUCTURAL DRAWINGS BUT 
REQUIRED BY OTHER CONTRACT DOCUMENTS, SHALL BE INSTALLED PRIOR TO PLACING CONCRETE.

REINFORCING BARS AND ACCESSORIES SHALL NOT BE IN CONTACT WITH ANY METAL PIPE, PIPE FLANGE, METAL CONDUIT, OR 
OTHER METAL PARTS EMBEDDED IN CONCRETE.  A MINIMUM CLEARANCE OF 2" SHALL BE PROVIDED.

CONDUITS AND OTHER SIMILAR ITEMS EMBEDDED IN OR PENETRATING THROUGH CONCRETE SHALL BE SPACED ON CENTER 
NOT LESS THAN 3 TIMES THEIR OUTSIDE DIMENSION, BUT NOT LESS THAN 2 1/2" CLEAR.  WHEN SUCH ITEMS ARE EMBEDDED IN 
WALLS OR SLABS, THEY SHALL NOT OCCUPY MORE THAN 1/3 OF THE MEMBER THICKNESS. 

AT ALL TYPICAL CURBS, EQUIPMENT PADS, AND PIPE SUPPORT PIERS, REINFORCING DOWELS SHOWN MAY BE REPLACED WITH 
ADHESIVE DOWELS AS SPECIFIED.  DOWELS LOCATED CLOSER THAN 3" FROM ANY EDGE OF CONCRETE SHALL NOT BE 
REPLACED WITH DRILLED DOWELS.

ADJUST THE LOCATION OF DOWELS OR ANCHORS PLACED INTO HARDENED CONCRETE AS NEEDED TO AVOID DRILLING 
THROUGH ANY REINFORCING BARS.  IF THE LOCATION NEEDS TO BE MODIFIED, CONTACT THE ENGINEER.  CONTRACTOR SHALL 
USE NON-DESTRUCTIVE MEANS TO FIELD LOCATE REINFORCEMENT PRIOR TO DRILLING HOLES FOR DOWELS OR ANCHORS.

CLEAR DISTANCE FROM ANCHOR RODS TO ANY CONCRETE EDGE SHALL BE 4" MINIMUM UNLESS NOTED OTHERWISE.

BIODRYER-PYROLYSIS FOUNDATION N/A 250 PSF

SOLIDS BUILDING 20 PSF

SLUDGE STORAGE TANK AREA 20 PSF

ROOF TOP / FIRST FLOOR BOTTOM / GROUND FLOOR

250 PSF + EQUIPMENT

STRUCTURE
LEVEL

SOLIDS BUILDING N/A XX PSF XX PSF MASONRY SHEAR WALL

SLUDGE STORAGE TANK AREA N/A BOLTED STEEL TANKS

BIOFILTER BASINS N/A CONCRETE BASIN

PARAMETER

STRUCTURE

PRESSURE 
COEFFICIENT 

GCpi

WIND
DESIGN
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AND 

CLADDING

LATERAL LOAD 
RESISTING 

SYSTEM

XX PSF
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XX PSF
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MASONRY SHEAR 
WALL

XX K XX 5
EQUIVALENT

LATERAL FORCE

PARAMETER

STRUCTURE

BASIC
STRUCTURAL

SYSTEM

DESIGN 
BASE 

SHEAR

SEISMIC
RESPONSE

COEFFICIENT
Cs

RESPONSE 
MODIFICATION 
COEFFICIENT R

ANALYSIS 
PROCEDURE

SLUDGE STORAGE TANK AREA

SOLIDS BUILDING

BIOFILTER BASINS

BOLTED STEEL 
TANKS

CONCRETE BASIN

XX K

XX K

XX

XX

3

2

ASCE 7 CHAP 15

ASCE 7 CHAP 15

BIODRYER-PYROLYSIS FOUNDATION 2000 PSF

SOLIDS BUILDING

SLUDGE STORAGE TANK AREA

STRUCTURE

ALLOWABLE SOIL 
BEARING PRESSURE

PARAMETER

2000 PSF

XXXX PSF

WIND DESIGN CRITERIA:

BASIC DESIGN WIND SPEED (V) = 98 MPH
ALLOWABLE STRESS DESIGN WIND SPEED (Vasd) = 76 MPH
RISK CATEGORY = III
WIND EXPOSURE = C

BIOFILTER BASINS N/A 100 PSF

N/A
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N/A CONTENTS

CONTENTS
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DEMOLITION

D-1

D-2

D-3

D-4

D-5

D-6

D-7

D-8

FOR DEMOLITION REQUIREMENTS, REFER TO SPECIFICATION 01 73 00 - EXECUTION OF WORK AND 02 41 00 DEMOLITION.

CONCRETE DEMOLITION WITHIN STRUCTURES BEING MODIFIED SHALL BE SELECTIVE DEMOLITION BY CORE DRILLING OR SAWCUTTING AND 
CAREFUL REMOVAL OF CONCRETE SHOWN TO BE REMOVED.  NO OVER CUTTING OF AREAS TO BE DEMOLISHED SHALL BE PERMITTED.  
CONTRACTOR SHALL CORE DRILL CORNERS OF OPENING PRIOR TO SAWCUTTING.  EXPLOSIVES AND VIBRATORY HAMMERS SHALL NOT BE 
USED FOR DEMOLITION WORK.

UNLESS ANCHORING DEVICES AND/OR REINFORCEMENT IS NOTED TO REMAIN FOLLOWING DEMOLITION, REMOVE AND/OR BURN BACK 
ANCHORS AND REINFORCEMENT STEEL 1/2" MIN BELOW SURFACE AND VOIDS CREATED SHALL BE FILLED WITH EPOXY RESIN BINDER.

EMBEDDED CONDUIT ENCOUNTERED DURING DEMOLITION WORK LIMITS SHALL BE PERMANENTLY REROUTED AS NECESSARY.  CONTRACTOR 
SHALL SUBMIT PROPOSED MEANS OF REROUTING ANY INTERFERING CONDUIT.

WHERE DRAWINGS INDICATE A CONCRETE EQUIPMENT PAD TO BE DEMOLISHED, THE FLOOR SLAB SURFACE SHALL BE REPAIRED AS 
APPROVED BY ENGINEER. FOLLOWING SELECT DEMOLITION AND REMOVAL OF THE EQUIPMENT PAD REMOVAL THE REPAIR SHALL BE:
A. SAWCUT THE FLOOR AROUND THE EQUIPMENT PAD PERIMETER TO A DEPTH OF 1/4".
B. SCARIFY AND REMOVE SLAB CONCRETE WITHIN THE PERIMETER TO A NOMINAL 1/4" DEPTH CLEAN AND REMOVE ALL CONCRETE LAITANCE.
C. RESURFACE THE AREA BY APPLYING A POLYMER MODIFIED OR SILICA FUME ENHANCED CEMENTITIOUS REPAIR MORTAR, APPROVED BY 

THE ENGINEER, FOLLOWING THE MANUFACTURER'S SURFACE PREPARATION AND APPLICATION RECOMMENDATIONS. LEVEL AND FINISH 
THE SURFACE TO MATCH THE FLOOR SLAB SURROUNDING AREA.

PRIOR TO DEMOLITION OF SMALL OPENINGS (LESS THAN 6 INCHES IN SIZE) FOR PENETRATIONS, ETC., CONTRACTOR SHALL USE NON-
DESTRUCTIVE MEANS TO FIELD LOCATE REINFORCEMENT.  OPENINGS SHALL BE LOCATED TO AVOID CUTTING THROUGH EXISTING 
REINFORCEMENT, IF POSSIBLE.  EXISTING REINFORCEMENT SHALL NOT BE CUT WITHOUT APPROVAL OF ENGINEER.

CONCRETE SURFACES LEFT EXPOSED FOLLOWING DEMOLITION SHALL BE SEALED WITH EPOXY RESIN COATING SUCH AS DURALKOTE 240 BY 
EUCLID CHEMICAL, OR APPROVED EQUAL.

DETAILED CONSTRUCTION AND DEMOLITION PLAN SHALL BE SUBMITTED TO THE ENGINEER AND APPROVED BY THE ENGINEER AND OWNER 
PRIOR TO BEGINNING CONSTRUCTION.  ANY SHUTDOWNS SHALL BE SUBMITTED TO, COORDINATED WITH, AND APPROVED BY THE OWNER.  
ONCE APPROVED, CONTRACTOR SHALL PROVIDE A MINIMUM OF THREE (3) WEEKS NOTICE TO OWNER PRIOR TO SHUTDOWN.

STEEL JOISTS

SJ-1

SJ-2

SJ-3

SJ-4

SEE SPECIFICATION SECTION 05 21 00 FOR STEEL BAR JOISTS.  STEEL BAR JOIST DRAWINGS AND CALCULATIONS, FOR MEMBERS, 
CONNECTIONS, BLOCKING, AND BRACING SHALL BE SEALED BY PROFESSIONAL ENGINEER REGISTERED IN THE STATE OF CALIFORNIA.

STEEL JOISTS SHALL BE DESIGNED PER THE CALIFORNIA BUILDING CODE USING THE LOADS PROVIDED. LOAD COMBINATIONS SHALL BE 
AS REQUIRED BY ASCE 7.

JOIST MANUFACTURER SHALL PROVIDE BLOCKING AND BRACING AS REQUIRED FOR LATERAL STABILITY OF JOISTS.  PROVIDE BOTTOM 
CHORD BRACING AS REQUIRED FOR WIND UPLIFT.  METAL DECKING PROVIDES LATERAL BRACING FOR JOIST TOP CHORDS.

COORDINATE PIPE, LIGHTING, DUCT, AND OTHER UTILITY SUPPORTS ATTACHED TO JOIST WITH JOIST MANUFACTURER.

MASONRY

MASONRY MORTAR SHALL BE ASTM C 270 TYPE "S" AND MASONRY GROUT SHALL CONFORM TO REQUIREMENTS OF ASTM C 476.

CONCRETE MASONRY UNIT NET AREA COMPRESSIVE STRENGTH SHALL BE 2,000 PSI WHEN TESTED IN ACCORDANCE WITH ASTM C 
140.  COMPLETE TEST REPORTS SHALL BE SUBMITTED TO THE BUILDING INSPECTOR.

VERTICAL REINFORCEMENT SHALL BE PROVIDED AT WALL ENDS, CORNERS, AND INTERSECTIONS AND IMMEDIATELY ADJACENT TO 
ALL OPENINGS, CONTROL JOINTS, AND COLUMNS. SEE STANDARD DETAILS FOR MASONRY OPENINGS.

MASONRY REINFORCEMENT LAP SPLICES SHALL BE CONTACT SPLICES.  UNLESS NOTED OTHERWISE, LENGTH OF SPLICE FOR SINGLE 
BARS IN CENTER OF CELLS OF 8" OR LARGER CMU SHALL BE A MINIMUM OF 25 INCHES FOR #4 BARS, 32 INCHES FOR #5 BARS, AND 50 
INCHES FOR #6 BARS.  LENGTH OF SPLICE FOR OTHER CONDITIONS SHALL BE AS SHOWN ON THE DRAWINGS.  

BOND BEAM REINFORCEMENT SHALL BE CONTINUOUS AT ALL WALL INTERSECTIONS, SEE STANDARD DETAILS.  WHERE BOND BEAM 
REINFORCEMENT IS INTERRUPTED BY OPENINGS REINFORCEMENT SHALL BE PROVIDED WITH 90° HOOKS AT EACH ENDS. BOND BEAM 
REINFORCEMENT SHALL BE 2-#5 BARS UNLESS OTHERWISE INDICATED.

DOWELS SHALL BE EITHER CAST INTO CONCRETE OR INSTALLED WITH A DOWEL ADHESIVE SYSTEM.  IF CAST, DOWELS SHALL BE 
EMBEDDED IN STEM WALL OR FOUNDATION SLAB A MINIMUM 9" AND SHALL HAVE A STD 90° HOOK.  IF INSTALLED WITH A DOWEL 
ADHESIVE SYSTEM DOWELS SHALL BE STRAIGHT BARS EMBEDDED A MINIMUM OF 10" INTO CONCRETE. 

MASONRY LINTELS SHALL BE EITHER PRECAST CONCRETE "U" SECTIONS OR CONCRETE MASONRY "U" BLOCKS UNLESS SHOWN 
OTHERWISE.

FOR CONCRETE MASONRY "U" BLOCK LINTELS SEE STANDARD DETAILS FOR MASONRY OPENINGS AND THE CMU OPENING 
REINFORCEMENT SCHEDULE, UNLESS OTHERWISE NOTED ON DRAWINGS:

PRECAST CONCRETE "U" SECTIONS SHALL BE REINFORCED WITH 2-#3 TOP AND 2-#5 BOTTOM.  FOR SPANS UP TO 4 FEET ADDITIONAL 
FIELD REINFORCEMENT NOT REQUIRED. FOR SPANS BETWEEN 4 FEET AND LESS THAN 8 FEET AN ADDITIONAL #5 BAR SHALL BE 
ADDED IN THE TOP AND BOTTOM OF THE LINTEL IN THE FIELD. 

NONSTRUCTURAL COMPONENT ANCHORAGE AND BRACING

A-1

A-2

A-3

A-4

ANCHORAGE AND BRACING SHALL BE PROVIDED FOR NONSTRUCTURAL COMPONENTS IN ACCORDANCE WITH SPECIFICATION 
01 73 23 - ANCHORAGE AND BRACING OF NONSTRUCTURAL COMPONENTS. "NONSTRUCTURAL COMPONENTS" INCLUDES ALL 
ARCHITECTURAL, MECHANICAL, ELECTRICAL, AND PLUMBING ELEMENTS OR SYSTEMS (AND THEIR SUPPORTS OR ATTACHMENTS) 
WHICH ARE PERMANENTLY ATTACHED TO A SUPPORTING STRUCTURE. DESIGN OF ANCHORAGE AND BRACING SHALL BE PROVIDED 
BY CONTRACTOR'S ENGINEER UNLESS SPECIFICALLY DETAILED ON THE CONTRACT DRAWINGS.

ANCHORAGE AND BRACING OF ALL NONSTRUCTURAL COMPONENTS SHALL BE DESIGNED AND INSTALLED TO RESIST THE 
CONTROLLING LOAD COMBINATION OF GRAVITY LOADS, OPERATIONAL FORCES, WIND FORCES, SEISMIC FORCES, AND ANY OTHER 
APPLICABLE FORCES IN ACCORDANCE WITH THE GOVERNING BUILDING CODE.  WIND AND SEISMIC FORCES SHALL BE AS PER ASCE 7.  
COMPONENTS SHALL BE BOLTED, WELDED, OR OTHERWISE POSITIVELY FASTENED WITHOUT CONSIDERATION OF FRICTIONAL 
RESISTANCE PRODUCED BY THE EFFECTS OF GRAVITY.  A CONTINUOUS LOAD PATH OF SUFFICIENT STRENGTH AND STIFFNESS TO 
RESIST REQUIRED FORCES SHALL BE PROVIDED BETWEEN THE COMPONENT AND THE SUPPORTING STRUCTURE.  ANCHORAGE AND 
BRACING SHALL BE DESIGNED TO RESIST LOADS IN BOTH ORTHOGONAL DIRECTIONS (TRANSVERSE AND LONGITUDINAL) AND SHALL 
BE DESIGNED AND SEALED BY THE CONTRACTOR'S ENGINEER CURRENTLY REGISTERED IN THE STATE OF CALIFORNIA

COMPONENT REACTION FORCES AT THE POINT OF ATTACHMENT TO THE STRUCTURE SHALL BE SUBMITTED TO AND COORDINATED 
WITH THE ENGINEER FOR CONFIRMATION THAT SUPPORTING STRUCTURE IS ADEQUATE TO RESIST REQUIRED REACTION FORCES.

CONTRACTOR SHALL PROVIDE SPECIAL SEISMIC CERTIFICATION (SSC) FROM MANUFACTURER OF EQUIPMENT FOR ALL SYSTEMS 
REQUIRED BY SPECIFICATIONS.  SPECIAL SEISMIC CERTIFICATION SHALL BE IN COMPLIANCE WITH ASCE 7. 

EXISTING INFORMATION

X-1

X-2

ALL EXISTING INFORMATION SHOWN ON THESE DRAWINGS INCLUDING LOCATION, DIMENSIONS, ELEVATIONS, AND CONFIGURATIONS IS DERIVED 
FROM THE [ DATES OF EXISTING CONTRACT DRAWINGS ] CONTRACT DRAWINGS AND IS NOT GUARANTEED TO BE COMPLETE OR CORRECT.

THE CONTRACTOR IS RESPONSIBLE FOR VERIFYING ALL EXISTING INFORMATION IN THE FIELD AS REQUIRED FOR DEMOLITION AND MODIFICATIONS.

SPECIAL INSPECTIONS

SI-1 SPECIAL INSPECTIONS SHALL BE IN ACCORDANCE WITH SPECIFICATIONS AND THE CALIFORNIA BUILDING CODE

MA-1

MA-2

MA-3

MA-4

MA-5

MA-6

MA-7

MA-8

MA-9

DELEGATED STRUCTURAL DESIGN ITEMS

DSD-1

DSD-2

THE FOLLOWING ITEMS SHALL BE SUBMITTED AS DELEGATED STRUCTURAL DESIGNS DURING CONSTRUCTION, IN 
ACCORDANCE WITH THE CONTRACT DRAWINGS AND SPECIFICATIONS.

A. EXCAVATION SUPPORT SYSTEMS
B. STEEL JOISTS
C. ANCHORAGE AND BRACING OF NONSTRUCTURAL COMPONENTS NOT SPECIFICALLY DESIGNED AND DETAILED ON THE 

CONTRACT DRAWINGS (INCLUDING, BUT NOT LIMITED TO, PIPE SUPPORTS AND EQUIPMENT)

DRAWINGS AND CALCULATIONS FOR EACH ITEM SHALL BE SIGNED AND SEALED BY A PROFESSIONAL ENGINEER REGISTERED 
IN THE STATE OF CALIFORNIA.
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INTERSECTIONCORNER

WALL REINFORCING

* = STD 90° HOOK LENGTH

S-03-0108

ADDITIONAL DIAGONAL BARS, REQUIRED IN
LIQUID RETAINING WALLS ONLY, ALTERNATE
WITH HORIZONTAL BARS AND SIZE PER CHART.

DIAGONAL BAR SIZE CHART

AT LOCATIONS WHERE DIFFERENT SIZE
HORIZONTAL BARS CONVERGE, THE
LARGER BAR SIZE SHALL CONTROL

BAR SIZE -
HORIZONTAL

REINFORCEMENT

# 3

# 4

# 5

# 6

# 7

# 8

# 9

# 10

# 11

BAR SIZE -
DIAGONAL

REINFORCEMENT

# 3

# 3

# 4

# 5

# 5

# 6

# 7

# 8

# 9

TYP

  0"

TENSION SPLICE, TYP

CLASS B

TYP

*

TYP

*

T
Y

P

  0
"

T
E

N
S

IO
N

 S
P

L
IC

E
, 
T

Y
P

C
L
A

S
S

 B

VERTICAL BARS

HORIZONTAL BARS

ADDITIONAL DIAGONAL 
BARS, SEE CHART FOR SIZE

CORNER BARS, SAME 
SIZE AND SPACING AS 
HORIZONTAL BARS, TYP

CORNER BARS, SAME 
SIZE AND SPACING AS 
HORIZONTAL BARS

HORIZONTAL BARS

VERTICAL BARS

ADDITIONAL 
DIAGONAL BARS, 
SEE CHART FOR 
SIZE, TYP

STANDARD 90º HOOK

REINFORCING AT OPENINGS

OPNG

S-03-0109

NOTES:

1. THIS DETAIL APPLIES FOR OPENINGS 8"∅ AND LARGER.   FOR SMALLER 
OPENINGS, BEND BARS OR ADJUST SPACING OF REINFORCEMENT TO 
AVOID OPENING.

2. PLACE EXTRA BARS OF THE SAME SIZE AS THE INTERRUPTED BARS AT 
EACH SIDE OF OPENING.  QUANTITY OF EXTRA BARS AT EACH SIDE 
SHALL EQUAL HALF THE QUANTITY OF INTERRUPTED BARS EXCEPT 
WHERE NOTED OTHERWISE.

3. PROVIDE ONE DIAGONAL BAR EACH SIDE OF OPENING WITH SIZE EQUAL 
TO MAIN REINFORCEMENT, TYPICAL EACH FACE.

4. WHERE INVERT OF OPENING IN WALL IS LESS THAN 44 BAR DIAMETERS 
FROM TOP OF SLAB, EXTRA REINFORCEMENT ON EACH SIDE SHALL 
INCLUDE DOWELS EMBEDDED INTO SLAB WITH STANDARD 90 DEGREE 
HOOKS TO SPLICE WITH EXTRA VERTICAL REINFORCEMENT.  DOWELS 
SHALL ALSO STILL BE PROVIDED BELOW OPENING.

5. WHERE INVERT OF OPENING IN WALL OR SLAB IS CLOSER THAN 44 BAR 
DIAMETERS TO EDGE OF SLAB OR BOTTOM OF WALL, EXTRA DIAGONAL 
BARS MAY BE TERMINATED TWO INCHES FROM EDGE OF SLAB OR 
BOTTOM OF WALL.  DOWELS DO NOT HAVE TO BE PROVIDED TO SPLICE 
WITH DIAGONAL BARS.

TYP44
D

  2
"

  2"

  3"

TYP

44D

SECTION - WALLS AND SLABS PLAN - WALLS

BAR PLACEMENT

S-03-0110

NOTE:
ORIENTATION OF OUTSIDE AND INSIDE
LAYERS OF REINF SHALL BE AS SHOWN
ON PLANS. "FULL SPACING" IS BAR
SPACING CALLED OUT ON PLANS.
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  3"  CONTINUOUS FULL SPACINGS

FULL SPACING MAX

  3"

HALF SPACING, MIN 
FULL SPACING, MAX 
TYP EACH END
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  3"  CONTINUOUS FULL SPACINGS

HALF SPACING, MIN - FULL SPACING, MAX 
TYP EACH END

REQD COVER, TYP

WALL

WALL DOWEL, TYP

  0
"

   
0

"

  0
"

STD 90º HOOK ON 
VERTICAL REINF 
REQD WHERE 
SHOWN ON PLANS

BEAM

WALL
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"

STD 90º HOOK, TYP
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  3"  CONTINUOUS FULL SPACINGS

FULL SPACING, MAX

HALF SPACING, MIN

FULL SPACINGS

CONTINUOUS

FULL SPACING, MAX

HALF SPACING, MIN

4 VERTICAL BARS 
IN CORNER

REQD COVER, 
TYP

HALF SPACING, MIN 
FULL SPACING, MAX, 
TYP EACH END
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KEYWAY

S-03-0204

  2
"

  1/3"   1/3"   1/3" WATERSTOP

CONSTRUCTION JOINT

S-03-0203

T

SPLICE +2"

CLASS "B"

FOR SLAB OR WALL THICKNESS AND 
REINFORCING, SEE DESIGN DRAWINGS

FOR TYPICAL KEYWAY, 
SEE S-03-0204

WATERSTOP 
WHERE REQUIRED, 
SEE 
SPECIFICATIONS 
AND GENERAL 
CONCRETE NOTES

SEALED JOINT

S-03-0202

  1
/4

"

  1
/4

"

S
E

E
 N

O
T

E
 2

  1
 1

/4
"

3/8"±1/16"

1/2"Ø BACKER ROD

JOINT SEALER

1/4" TOOLED 
RADIUS, TYP

NOTES:

1. VERTICAL JOINTS SHALL BE FORMED BY AN 
APPROVED JOINT INSERT.  HORIZONTAL JOINTS 
SHALL BE FORMED BY AN APPROVED JOINT INSERT 
OR SAWCUTTING PERFORMED PER SPECIFICATION.

2. DEPTH SHALL BE 1 1/2" IN REINF CONCRETE DEPTH 
SHALL BE 1/3 OF CONCRETE THICKNESS IN 
UNREINFORCED CONCRETE PAVEMENT.

EXPANSION JOINT

S-03-0201

NON-LIQUID BOND BREAKER 
BETWEEN JOINT SEAL AND 
EXPANSION MATERIAL

 

JOINT THICKNESS, SEE PLANS

EXP JOINT MATL, 
ADHERE TO ONE SIDE OF 
CONCRETE ONLY WITH 
WATERSTOP ADHESIVE

JOINT SEALER, BOTH SIDES 
OF JOINT  AND TOP OF WALL

WATERSTOP WHERE REQUIRED, 
SEE SPECIFICATIONS AND 
GENERAL NOTES

1/2" THICKNESS OF JOINT

WALL CONTRACTION JOINT

S-03-0207

SEE TABLE

CLASS B SPLICE +2"

W
A

L
L

CONTRACTION JOINT

WITH SEALANT EF AND TOP 
OF WALL, SEE S-03-0202

WATERSTOP WHERE REQUIRED, 
SEE SPECIFICATIONS AND 
GENERAL CONCRETE NOTES  

 
2

"

T
Y

P

  0
" 

C
L

R

WALL REINF, TYP

WALL REINF CONT THRU 
CONTRACTION JOINT 
EVERY OTHER BAR EF

NOTE TO ENGINEER (S-03-0207):

HORIZONTAL MOMENT CAPACITY OF WALL 
REDUCED BY 1/2 AT CONTRACTION JOINT 
PER THIS DETAIL. JOINT LOCATION SHALL 
BE EVALUATED ACCORDINGLY.

FOR UNCOATED BARS IN TENSION

fc' = 4000 psi OR GREATERfy = 60,000 psi

DEVELOPMENT LENGTH,

#11

#10

#9

#8

#7

#6

#5

#4

#3

dh dh

W/ CONC COVER *

6"

7"

9"

11"

1'-0"

1'-2"

1'-4"

1'-6"

1'-7"

BASIC

8"

10"

1'-0"

1'-3"

1'-5"

1'-7"

1'-10"

2'-1"

2'-3"

BAR SIZE

* SIDE COVER NORMAL TO PLANE OF HOOK AT 
LEAST 2 1/2"; AND FOR 90° HOOK, END COVER            
BEYOND OUTSIDE END OF HOOK AT LEAST 2".

DEVELOPMENT LENGTH OF STANDARD HOOKS

dh

BASIC DEVELOPMENT LENGTH AND SPLICE LENGTH

BASIC

1'-0"

1'-0"

1'-3"

1'-6"

2'-5"

3'-0"

3'-8"

4'-6"

5'-5"

TOP *

1'-0"

1'-3"

1'-7"

1'-11"

3'-1"

3'-11"

4'-9"

5'-10"

7'-0"

1'-0"

1'-7"

2'-4"

3'-1"

4'-11"

6'-0"

6'-9"

7'-7"

8'-5"

1'-4"

2'-1"

3'-0"

4'-0"

6'-4"

7'-9"

8'-9"

9'-10"

10'-11"

SIZE

# 3

# 4

# 5

# 6

# 7

# 8

# 9

# 10

# 11

BAR

1'-0"

1'-3"

1'-7"

1'-11"

3'-1"

3'-11"

4'-9"

5'-10"

7'-0"

1'-3"

1'-8"

2'-0"

2'-5"

4'-0"

5'-1"

6'-3"

7'-7"

9'-1"

1'-4"

2'-1"

3'-0"

4'-0"

6'-4"

7'-9"

8'-9"

9'-10"

10'-11"

1'-8"

2'-9"

3'-11"

5'-2"

8'-3"

10'-1"

11'-4"

12'-9"

14'-2"

BASIC DEVELOPMENT LENGTH CLASS B SPLICE LENGTH

d 1.3 x

*

FOR UNCOATED BARS IN TENSION

fy = 60,000 psi fc' = 4000 psi OR GREATER

**

CLEAR SPACING≥ 3" CLEAR SPACING <3"

BASIC TOP *

CLEAR SPACING <3"CLEAR SPACING≥ 3"

BASIC TOP * BASIC TOP *

NORMAL WEIGHT CONCRETE

** BASED ON MATERIALS AND CONDITIONS AS FOLLOWS:

CLEAR COVER≥ 1.5 INCHES

TOP REINFORCEMENT IS ANY HORIZONTAL REINFORCEMENT SO PLACED THAT MORE THAN 12
INCHES OF FRESH CONCRETE IS CAST IN THE MEMBER BELOW THE REINFORCEMENT.

FOR MATERIALS OR CONDITIONS DIFFERENT FROM THOSE STATED, LENGTHS SHOWN IN
CHART SHALL BE MODIFIED TO CONFORM TO THE PROVISIONS OF ACI 318-14, SECTION 25.3.

d
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RETROFIT WATERSTOP CONNECTION TO EXISTING 
STRUCTURE AT EXPANSION JOINT

S-03-0302

NOTE: 
DETAIL SHOWN IS PLAN AT WALLS OR SECTION AT SLAB.

SEE PLANS SEE PLANS

1/2"Ø SST ANCHORS @6", 
TYP, STAGGER EA SIDE

JOINT SEALANT, TYP BOTH 
SIDES OF WATERSTOP

ADHESIVE BETWEEN 
WATERSTOP AND 
EXISTING CONC

RETROFIT WATERSTOP, 
CENTERED IN WALL OR SLAB

1/4"x2" CONTINUOUS 
SST BAR, TYP

NEW CONC WALL OR SLAB

JOINT FILLER AND SEALANT, 
TYP BOTH SIDES

EXISTING CONC WALL OR SLAB

1
2

" 
M

IN
 R

E
Q

D

HYDROPHILIC WATERSTOP CONNECTION TO 
EXISTING STRUCTURE AT CONSTRUCTION JOINT

S-03-0304

NOTE:
DETAIL SHOWN IS PLAN AT WALLS OR SECTION AT SLAB.

HYDROPHILIC WATERSTOP, 
CENTERED IN WALL OR SLAB, 
4" LAP WITH THE LAP 
ABUTTING SIDE BY SIDE

10" MIN REQD

EXISTING CONC WALL OR SLAB

NEW CONC WALL OR SLAB

PIPE OR CONDUIT EMBEDDED IN SLAB

S-03-0403

NOTE:
D DENOTES PIPE OR CONDUIT OD.

S
E

E
 P

L
A

N
S

 

2D, 2" MIN CLR

REINF BAR

TOP OF SLAB

D

3
 1

/2
" 

M
IN

2
D

D

3
 1

/2
" 

M
IN

2
D

S-03-0404

PIPE ENCASEMENTS

TYPE I TYPE II
NTS

ALL PIPING AND CONDUITS BELOW SLABS ON EARTH TO BE ENCASED BY
GENERAL CONTRACTOR UNLESS NOTED OTHERWISE.

NTS

NOTES:
1. TIE IN ALL PIPES & CONDUITS BELOW GROUND FLOOR SLAB WHEN 

PILE FOUNDATION IS UTILIZED.  USE TYPE I.

2. * DENOTES 9" FOR PIPES LESS THAN 42", 12" FOR PIPES 42" TO 72" 
AND 18" FOR PIPES GREATER THAN 84".

3. FOR 9" ENCASEMENTS USE #5 BARS, FOR 12" ENCASEMENTS USE #6 
BARS AND FOR 18" ENCASEMENTS USE #7 BARS.

4. OPTIONAL SLOPE, WHERE UTILIZED, SHALL BE 45 DEGREES. 
ENCASEMENT CONCRETE SHALL BE PLACED TO THE SLOPE LINE 
WITH VERTICAL REBAR BENT ALONG THE SLOPE AS INDICATED.

TYP

*

T
Y

P

*

BARS@12", 
SEE NOTE 3

OPTIONAL SLOPE 
AS REQUIRED, 
SEE NOTE 4

BARS@12", 
SEE NOTE 3

#5@12", TYP

MAT

U
S

E
 T

Y
P

E
 1

U
N

D
E

R
 1

2
"

T
Y

P

*

TYP

*

BARS@12", TYP 
SEE NOTE 3

BARS @12", T&B 
SEE NOTE 3

#5@12"

MAT

SEE NOTE 4

EQUIPMENT PAD

S-03-0504

FOR EQUIPMENT

PLAN DIMENSION AS REQUIRED

EDGE DISTANCE SEE NOTE 3

0" OR 2" MIN

SEE NOTE 3

2" MIN EDGE DISTANCE

BOLT DESIGN

CONFIRM BY ANCHOR

 
 

 

REQUIRED COVER 
+1" MAX

LEVELING CHANNEL, 
SEE NOTES 2 AND 3

#5 DOWELS @12" ALL 
AROUND, SEE NOTE 1

DOWEL ADHESIVE

LEVELING CHANNEL 
ANCHORS, SEE NOTE 2

8" MIN, SEE NOTE 1

4" MIN, SEE NOTE 6

PUMP OR EQUIP BASE

CONC FLOOR

#4@12 EW

#5 DOWELS @12" ALL 
AROUND, SEE NOTE 1

1" MIN GROUT, 
SEE NOTES 2 & 3

CONC PAD

CL ANCHOR RODS

NOTES:
1. DOWELS MAY BE CAST IN WITH 90° HOOK OR ANCHORED WITH DOWEL ADHESIVE AT CONTRACTORS 

OPTION. WHERE FLOOR IS LESS THAN 10" THICK, USE #4 DOWELS EMBEDDED TO WITHIN 2" OF BOTTOM 
OF FLOOR SLAB.

2. THE CONTRACTOR SHALL PROVIDE LEVELING CHANNELS AND LEVELING CHANNEL ANCHORS FOR 
SWITCHGEAR, SWITCHBOARDS, MOTOR CONTROL CENTERS, AND SIMILAR EQUIPMENT WHEN 
REQUIRED TO MEET EQUIPMENT MANUFACTURER'S LEVELING TOLERANCES. THE CONTRACTOR SHALL 
PROVIDE 1" MINIMUM NON-SHRINK GROUT FOR PUMPS AND SIMILAR EQUIPMENT WHEN REQUIRED TO 
MEET EQUIPMENT MANUFACTURER'S UNIFORM BEARING AND LEVELING REQUIREMENTS.

3. PRIOR TO PLACING CONCRETE PAD, LEVELING CHANNEL SIZE AND MEANS OF INSTALLATION, 
ANCHORAGE, GROUT, CONCRETE EDGE DISTANCE, AND CONCRETE BLOCKOUTS REQUIREMENTS 
SHALL BE COORDINATED WITH EQUIPMENT MANUFACTURER.

4. COAT DISSIMILAR MATERIALS PER THE CONTRACT DOCUMENTS.

5. STAGGER CHANNEL ANCHORS AND PAD DOWELS.

6. FOR PADS 24" OR GREATER IN DEPTH, PROVIDE #4@8" HORIZONTAL SKIN REINFORCING AROUND 
PERIMETER OF PAD.

CRADLE PIPE SUPPORT

S-03-0505

120°

(1
2

" 
W

ID
E

)

V
A

R
IE

S

S
E

E
 N

O
T

E
 1

8
" 

M
IN

SEE NOTE 3

6" MIN

 

SEE NOTE 1

#5 DOWELS @12" EF

NOTES:
1. DOWELS MAY BE CAST IN WITH 90° HOOK OR ANCHORED WITH DOWEL 

ADHESIVE AT CONTRACTORS OPTION. WHERE FLOOR IS LESS THAN 10" THICK, 
USE #4 DOWELS EMBEDDED TO WITHIN 2" OF BOTTOM OF FLOOR SLAB.

2. ENGINEER SHALL VERIFY THICKNESS OF PAD WILL ACCOMMODATE DESIGN 
MOVEMENT, PARTICULARLY FOR OUTSIDE AERIAL PIPE.

3. COORDINATE SUPPORT WIDTH WITH PIPE STRAP ANCHORAGE 
REQUIREMENTS.  PROVIDE 6" MINIMUM, FROM CENTER OF PIPE STRAP 
ANCHOR ROD TO EDGE OF CONCRETE.

CONC FLOOR

#4EF, TYP

DOWEL ADHESIVE

REQUIRED 
COVER +1" 
MAX

#3 TIES @12"

1/4" MIN NEOPRENE PAD, 
DUROMETER 40 TO 50 MATERIAL 
HARDNESS, SEE NOTE 2

APPROVED ADHESIVE ON BOTH 
CONTACT SURFACES OF PAD

PIPE OD

S-03-0506

MIN

60º

S
E

E
 N

O
T

E
 1

8
" 

M
IN

(1
2

" 
W

ID
E

)

V
A

R
IE

S

 

REQUIRED 
COVER +1" 
MAX

1/4" MIN NEOPRENE 
PAD, DUROMETER 40 TO 
50 MATERIAL HARDNESS

#5 DOWELS @12" MAX, 
EF, SEE NOTE 1

PIPE OR VALVE BODY

#
3
@

1
2
" 

T
IE

S

DOWEL ADHESIVE

NOTES:
1. DOWELS MAY BE CAST IN WITH 90° HOOK OR ANCHORED WITH DOWEL 

ADHESIVE AT CONTRACTORS OPTION. WHERE FLOOR IS LESS THAN 10" THICK, 
USE #4 DOWELS EMBEDDED TO WITHIN 2" OF BOTTOM OF FLOOR SLAB.

2. PIER SHALL BE MINIMUM 12" THICK EACH WAY HORIZONTALLY, AND SHALL BE 
SQUARE UNDER LARGE VALVE BODIES SUCH AS CHECK VALVES.

PIER
PIPE SUPPORT

EQUIPMENT SUPPORT PEDESTAL

S-03-0507

S
E

E
 N

O
T

E
V

A
R

IE
S

 

TYP

3" MIN

TYP

2" MIN

REQUIRED 
COVER +1" 
MAX

DOWEL ADHESIVE

1" NON-METALLIC 
NON-SHRINK 
GROUT (AS REQD)

CL ANCHOR BOLTS, TYP

EQUIP BASE

CONC PEDESTAL 
(SIZE AS REQD)

DOWELS @8" 
MAX, SEE NOTE

NOTE:
TOTAL AREA OF DOWELS SHALL NOT BE LESS THAN ONE PERCENT OF THE 
TOTAL PLAN AREA OF THE PEDESTAL, EQUALLY SPACED AROUND ALL 4 SIDES 
OF PEDESTAL.  DOWELS MAY BE CAST IN WITH 90° HOOK OR ANCHORED WITH 
DOWEL ADHESIVE AT CONTRACTORS OPTION.  WHERE FLOOR IS LESS THAN 10" 
THICK, USE #4 DOWELS EMBEDDED TO WITHIN 2" OF BOTTOM OF FLOOR SLAB.

6
" 

M
A

X
#

4
 T

IE
S

 @
1

2
"

2
-#

4
 T

IE
S

 W
IT

H
IN

 5
"

RETROFIT WATERSTOP CONNECTION TO EXISTING 
STRUCTURE AT CONSTRUCTION JOINT

S-03-0303

NOTE: 
DETAIL SHOWN IS PLAN AT WALLS OR SECTION AT SLAB.

10" MIN REQD

NEW CONC WALL OR SLAB

RETROFIT WATERSTOP 
CENTERED IN WALL OR SLAB

1/4"x2" CONTINUOUS SST BAR, TYP

ADHESIVE BETWEEN WATERSTOP 
AND EXISTING CONC, TYP

1/2"Ø SST ANCHOR @6", 
TYP, STAGGER EA SIDE

EXISTING CONC WALL OR SLAB

HYDROPHILIC WATERSTOP 
CONNECTION AROUND EXISTING PIPE

S-03-0305

EXISTING PIPE

HYDROPHILIC WATERSTOP, 
CENTERED IN WALL OR SLAB, 
4" LAP WITH THE LAP 
ABUTTING SIDE BY SIDE

10" MIN REQD

NEW CONC WALL OR SLAB
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S-03-0508

EXTERIOR EQUIPMENT FOUNDATION

 
 

6
"

D
*

EDGE DISTANCE TYP

6" MIN

D
*

  6
"

  2'-0"

BLDG EDGE/EQUIP EDGE

8" MIN #57 STONE

COMPACTED SUBGRADE

#5@8"
T&B, EW #5@8" EW

#5@8"

AS REQUIRED

FOR EQUIPMENT

* MINIMUM DEPTH FROM FINISHED GRADE TO BOTTOM OF 
FOUNDATION PER GENERAL STRUCTURAL NOTES (FROST DEPTH)

NOTE:
UNLESS NOTED OTHERWISE, CONTRACTOR SHALL HAVE THE OPTION OF 
PLACING EQUIPMENT FOUNDATION WITH A CONSTANT THICKNESS OF D + 6" OR 
AS AN 8" SLAB WITH THICKENED EDGE AROUND THE FOUNDATION PERIMETER.

1

1

CONCRETE CURB

S-03-0603

NOTE:
W* DENOTES CURBS LESS THAN 8"
W** DENOTES CURBS EQUAL TO OR GREATER THAN 8" DOWELS MAY BE CAST IN 
OR ANCHORED WITH D0WEL ADHESIVE SYSTEM WITH A 6" MINIMUM EMBEDMENT.
WHERE FLOOR IS 8" THICK OR LESS, USE DOWELS EMBEDDED TO WITHIN 2" OF 
BOTTOM OF FLOOR SLAB.

W * W **

HH

OPENING

VARIES
SEE PLAN

SEE PLAN SEE PLAN

S
E

E
 P

L
A

N

EL SEE PLAN

2-#3 CONT

OPENING IN SLAB

#4 ALL AROUND

#4@12" ALL AROUND

SLAB REINF 
SEE PLAN, TYP

HYDROPHILIC WATERSTOP 
WHERE REQUIRED, SEE DWGS

#3@12"

HOOK REINF @OPENING

S-03-0902

BLOCKOUT FOR EMBEDDED EQUIPMENT FRAME

TYP

SPLICE LENGTH
OF EXTRA BAR,

TYP

  2"

1' - 6"

6
" 

M
A

X

SIZE OF BLOCKOUT AS REQUIRED 
FOR EMBEDDING FRAME. GROUT 
FRAME INTO PLACE (NOT SHOWN) 
AS RECOMMENDED BY FRAME MFR

TOP OF SLAB/FACE OF WALL

EXTRA BARS SAME SIZE AND 
SPACING AS INTERRUPTED 
REINFORCEMENT

MAIN REINFORCEMENT

1

2

S-03-0802

COLUMN ELEVATION

T
E

N
S
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N
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P
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S

 B
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S
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S
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)

#
4

 T
IE

S
 @

1
2
"

T
Y

P
IC

A
L

#
4

 T
IE

S
 @

6
"

(U
N

L
E

S
S

 N
O

T
E

D
 O

T
H

E
R

W
IS

E
)

#
4

 T
IE

S
 @

1
2
"

#
4

 T
IE

S
 @

6
"

 
 

3
"

 
 

3
"

H
1

/6
 

 
3

"
H

1
/6

 
 

3
"

H
2

/6

H
2

 
 

3
"

H
2

/6

T
E

N
S

IO
N

 S
P

L
IC

E

C
L
A

S
S

 B

IN REINFORCED 
CONC WALLS

TOP OF SLAB, 
WALL, OR FOOTING

DOWELS-SAME SIZE AS 
COLUMN REINFORCING

MAIN COLUMN REINF, 
SEE COLUMN DETAILS OR 
SCHEDULES ON PLANS

SLOPE 1:6 MAX

TOP OF SLAB OR BEAM

MAIN COLUMN REINF, 
SEE COLUMN DETAILS OR 
SCHEDULES ON PLANS

NOTE:
PROVIDE DOVETAIL SLOTS 
WHERE REQD, SEE MASONRY 
TIE-IN AT COLUMN DETAIL.

AT TOP OF 
COLUMN

AT INTERMEDIATE 
FLOORS, IF REQD

AT BOTTOM 
OF COLUMN

TOP OF SLAB OR BEAM

MASS CONCRETE STAIR

S-03-0605

NOTE:  GUARDS NOT SHOWN, SEE PLAN.

SEE PLANSEE PLAN

1" TYP

#4@8"
EW, UNO

S
E

E
 P

L
A

N

#4 ADH DWLS @8" 
W/ 6" EMBED

CONC SLAB

TYP

STAIR NOSING

S-05-0303

#4 NOSING BAR, TYP

#4 BARS @8", TYP

#4 ADH DWLS @12" 
ON EXPOSED SIDES 
W/ 6" EMBED

#4@8" HORIZ ON EXPOSED SIDES

BRICK EXPANSION JOINT

S-04-0108

  1/2"

 
 

1
/4

"

COMPRESSIBLE BACK-UP ROD

MASONRY JOINT SEALANT
EXTERIOR FACE OF BRICK

CONTROL JOINT BLOCK

PLAN

ELEVATION

S-04-0105

NOTE:
CONTROL JOINTS MAY BE OFFSET A MAXIMUM DISTANCE OF 8". 
HORIZONTAL JOINT REINFORCING WITHIN THIS OFFSET SHALL BE CUT.

NOTE:
WIDE FLANGED PREFORMED 
CONTROL JOINT  FILLER MAY BE USED.

HORZ JT REINF 
DISCONTINUOUS AT 
CONTROL JT

HORZ JT REINF 
DISCONTINUOUS 
AT CONTROL JT

CONTROL JOINT

RAKE MORTAR 3/4", 
CAULK EXPOSED FACES 
WITH JT SEALANT

PREFORMED CONTROL 
JT FILLER, SEE NOTE

MORTAR FACE SHELL 
ONLY. DO NOT 
MORTAR TONGUE OF 
CONTROL JT BLOCK

FULLY GROUTED CELL, TYP

VERT BAR WITHIN 8" OF 
CONTROL JT, SAME SIZE AS 
MAIN VERT REINF, TYP

TOW BOND BEAM REINF 
CONT THRU CONTROL JT

INTERMEDIATE BOND 
BEAM WHERE REQD 
BY DWGS INTERMEDIATE BOND BEAM 

REINF DISCONTINUOUS AT 
CONTROL JT

HORZ JT REINF, 
SEE ARCH DWGS
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TYPICAL MASONRY REINFORCING ELEVATION

S-04-0201

 

MASONRY LAP LENGTH, 
SEE MASONRY 
GENERAL STRU NOTES

NOTES:
1. FOR MAIN VERTICAL REINFORCING, SEE STRUCTURAL DRAWINGS. PROVIDE 90 

DEGREE HOOK AT TOP OF WALL UNLESS NOTED OTHERWISE.
2. FOR LINTEL AND REINFORCING AT OPENINGS, SEE DETAIL S-04-0202.
3. JOINT REINFORCING NOT SHOWN FOR CLARITY. SEE ARCHITECTURAL DRAWINGS.

TOW NOT SHOWN, SEE STRU DWGS 
FOR BOND BEAM AND REINF AT TOW 
AND STRUCTURALLY CONNECTED 
FLOOR AND ROOF LEVELS

LINTEL REINF, SEE NOTE 2

MAIN VERT REINF, 
SEE NOTE 1, TYP

CAST-IN-PLACE DWLS, 
UNLESS POST-INSTALLED 
DWLS APPROVED BY 
ENGINEER, SEE MASONRY 
GENERAL STRU NOTES

MAIN VERT REINF ABOVE AND 
BELOW OPNG WHEN OPNG WIDTH 
EXCEEDS MAIN VERT RINF SPACING

PROVIDE 90° HOOK WHERE BAR 
EXTENSION IS INTERRUPTED BY AN 
OPENING OR WALL TERMINATION

MAIN VERT REINF AT EACH 
CORNER AND ENDS OF WALLS

SILL REINF, SEE NOTE 2

TOP OF CONCRETE

JAMB REINF, SEE NOTE 2

DOWEL, TO MATCH VERT BAR

DOUBLE MAT
EXTERIOR CORNER PLAN

DOUBLE MAT
INTERIOR CORNER PLAN

SINGLE MAT
EXTERIOR CORNER PLAN

SINGLE MAT
INTERIOR CORNER PLAN

TYPICAL MASONRY WALL INTERSECTION REINFORCING

S-04-0203

NOTES:
1. SEE MASONRY GENERAL STRUCTURAL NOTES FOR LAP SPLICE LENGTH REQUIREMENTS.
2. DETAIL APPLIES TO BOND BEAM HORIZONTAL REINFORCING.

S
E

E
 N

O
T

E
, 
T

Y
P

L
A

P
 L

E
N

G
T

H
S

E
E

 N
O

T
E

, 
T

Y
P

L
A

P
 L

E
N

G
T

H

VERT REINF

BEGIN MAIN

VERT REINF

BEGIN MAIN

VERT REINF

BEGIN MAIN

VERT REINF

BEGIN MAIN

VERT REINF

BEGIN MAIN

VERT REINF

BEGIN MAIN

HORIZ REINF

3 VERT BARS

CORNER BARS, 
MATCH HORIZ BAR 
SIZE AND SPACING

HORIZ REINF

3 VERT BARS

CORNER BARS, 
MATCH HORIZ BAR 
SIZE AND SPACING

HORIZ REINF

STANDARD 90° HOOK 
AT FAR FACE, TYP

2 VERT BARS

MAIN VERT 
REINF, TYP

HORIZ REINF

STANDARD 90° HOOK 
AT FAR FACE, TYP

2 VERT BARS

MAIN VERT 
REINF, TYP

CMU WALL AT RAKE

S-04-0204

M
IN 

 
8

"

BOND BEAM CUT 
TO SLOPE OF RAKE

CONT 2-#5 BARS, 
MATCH SLOPE OF ROOF

GROUT ALL CELLS 
WITHIN SHADED REGION

UP TO 2'-8" 8" - #5 BAR 1-#5 BAR EA JAMB 8"

>2'-8" <= 4'-0" 8" - 2-#5 BARS 1-#5 BAR EA JAMB 8"

>4'-0" <= 6'-0" 16" #3@8" 2-#5 BARS 2-#5 BAR EA JAMB 16"

>6'-0" <= 8'-0" 24" #3@8" 2-#5 BARS 2-#5 BAR EA JAMB 16"

>8-0" SEE DRAWINGS 3-#5 BAR EA JAMB 24"

CMU OPENING REINFORCEMENT SCHEDULE

"W" OPNG
WIDTH

LINTEL
DEPTH

LINTEL
STIRRUP

"A" BAR
LINTEL

"B" BAR JAMB
"J" MIN
JAMB

WIDTH

TYPICAL MASONRY OPENINGS

S-04-0202

NOTE:
"L"  = 25" FOR #4 AND #5 BARS
"L" = 30 INCHES FOR #6 BARS

"W" ≥ 16"

"W" < 16"

8" LINTEL SECTION 12" LINTEL SECTION

NOTE:
"L"  = 25" FOR #4 AND #5 BARS
"L" = 30 INCHES FOR #6 BARS

S
E

E
 S

C
H

L
IN

T
E

L
 D

E
P

T
H

S
E

E
 S

C
H

L
IN

T
E

L
 D

E
P

T
H

VENEER, SEE 
ARCH DWGS

VENEER, SEE 
ARCH DWGS

MAIN VERT REINF, 
SEE STRU DWGS

8" CMU WALL

ADDL #5 BAR 
HORIZ REINF

STIRRUPS W/ 90° HOOK 
EA END AS REQD, SEE 
SCHEDULE

"A" BARS LINTEL 
BOT HORIZ REINF, 
SEE SCHEDULE

"A" BARS LINTEL 
BOT HORIZ REINF, 
SEE SCHEDULE

STIRRUPS AS REQD, 
SEE SCHEDULE

ADDL #5 BAR 
HORIZ REINF

12" CMU WALL

MAIN VERT REINF, 
SEE STRU DWGS

LINTEL, SEE 
STRU DWGS

LINTEL, SEE 
STRU DWGS

TYP

"L" "W"

"J"

TYP

"L" "W"

"J"

"H
"

D
E

P
T

H

L
IN

T
E

L

"H
"

T
Y

P

"L
"

MAIN VERT REINF, SEE 
STRU DWGS, TYP

"A" BAR LINTEL REINF

"B" BAR JAMB REINF, 
FULL HEIGHT OF WALL, 
ONE BAR PER CELL, UNO

TRIM BLOCKS FLUSH W/ 
OPNG, SEE ARCH DWGS

SILL REINF, 2-#5 BARS

GROUT SHADED 
CELLS AS SHOWN

MAIN VERT REINF, 
SEE STRU DWGS, TYP

#5 BAR ABOVE AND 
BELOW OPNG, REQD 
IF "W" OR "H" >8"

ADDL #5 BAR REQD IF MAIN 
VERT INTERRUPTED BY OPNG
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DOUBLE
ANGLE

SINGLE
PLATE

W SHAPE LOWER BOUND
CAPACITY (KIPS) SEE
NOTES TO ENGINEER

ASD LRFD ASD LRFD

NOTE : CHART NOT
APPLICABLE TO CHANNELS

205.0 308.0 105.0 157.0

185.0 278.0 94.8 142.0

151.3 227.0 84.7 127.0

128.8 193.2 72.1 108.0

94.4 141.4 59.3 89.1

69.0 103.6 54.1 81.3

39.0 58.5 39.0 58.5

23.0 34.4 23.0 34.4

12.4 18.7 12.4 18.7

STEEL FRAMING CONNECTION

S-05-0102

NOMINAL BEAM
DEPTH, INCHES

(n)
ROWS

L, INCHES

TYPE I DOUBLE ANGLE

TYPE II SINGLE PLATE

27 7 1'-8 1/2"

24 6 1'-5 1/2"

21 5 1'-2 1/2"

16-18 4 11 1/2"

12-15 3 8 1/2"

8-10 2 5 1/2"

36 10 2'-5 1/2"

33 9 2'-2 1/2"

30 8 1'-11 1/2"

D
E

P
T

H

"n
" 

R
O

W
S

L

TYP

3 1/2" MIN

TYP

1 1/4" MIN

L

D
E

P
T

H

"n
" 

R
O

W
S

1/2" CLEAR

3 1/2" MIN

D
E

P
T

H

L

"n
" 

R
O

W
S

D
E

P
T

H

L

"n
" 

R
O

W
S

 
 

2-L 5/16

W SHAPE OR CHANNEL

1/4

3 SIDES,
TYP

COPE TOP AND BOTTOM 
FLANGES FOR BEAM 
INSTALLATION AS REQD

SEE SPECIFICATION 05 05 23 
FOR FASTENING MATERIAL

3/4"Ø BOLTS @3" OC

COLUMN FLANGE/WEB 
OR BEAM WEB

NOTE:
TYPE I DOUBLE ANGLE CONNECTION 
SHALL BE USED UNO ON DRAWINGS.

1/2" CLEAR

3" MAX

1 1/2"

COPE TOP AND BOTTOM 
FLANGES FOR BEAM 
INSTALLATION AS REQD

SEE SPECIFICATION 05 05 23 
FOR FASTENING MATERIAL

COLUMN FLANGE/WEB 
OR BEAM WEB

SHEAR PL 5/16"

3/4"Ø BOLTS @3" OC

W SHAPE OR CHANNEL

1/4

NOTES TO ENGINEER (S-05-0102):
SHEAR CONNECTIONS PER AISC STEEL CONSTRUCTION MANUAL 14TH EDITION 
DESIGN TABLES 10-1, 10-2, AND 10-10a. CHECK DESIGN TABLE DISCUSSIONS 
BEFORE MAKING ANY CHANGES. LISTED CAPACITIES ARE CONSERVATIVE LOWER 
BOUND SHEARS FOR W SHAPES ONLY BASED ON THE FOLLOWING ASSUMPTIONS:

ALL 3/4" BOLTS ARE GROUP A THREAD CONDITION N AND STD HOLE TYPE 
CONNECTED BEAM IS COPED TOP AND BOTTOM THICKNESS OF SUPPORT STEEL 
IS AT LEAST 0.25" WEB THICKNESS OF CONNECTED BEAM IS SMALLEST tw FOR W 
SHAPES OF GIVEN DEPTH

AISC TABLE 10-1 DOES NOT CONSIDER LIMIT STATES OF FLEXURAL YIELDING AND 
LOCAL BUCKLING OF THE BEAM WEB FOR COPED MEMBERS. SEE AISC PART 9. 
PER AISC, BEAMS WITH SHORT COPES NO GREATER THAN THE LENGTH OF 
CONNECTION ANGLES OR PLATES GENERALLY ARE NOT SUSCEPTIBLE TO 
FLEXURAL LOCAL WEB BUCKLING.

STEEL BEAM TO CONCRETE CONNECTION

S-05-0103

NOTES:
1. WHERE BOTH ENDS OF BEAM ARE ATTACHED TO A WALL, PROVIDE LONG HORIZONTALLY SLOTTED HOLES 

IN BEAM WEB AT ONE END.  TIGHTEN NUTS SNUG TIGHT, BACK OFF 1/2 TURN, AND LOCK WITH DOUBLE NUT.
2. DO NOT CUT EXISTING CONCRETE BEAM TOP REINFORCING DURING DRILL-IN ANCHOR INSTALLATION.  

FIELD LOCATE BEAM REINFORCING PRIOR TO FABRICATION WITH GROUND PENETRATING RADAR OR 
OTHER ACCEPTABLE MEANS.  ADD LENGTH TO CLIP ANGLES AS REQUIRED TO LOWER ANCHORS TO CLEAR 
REINFORCING WHILE MAINTAINING SPACING AND EDGE DISTANCE AS SHOWN.

3
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6
"

6
"

MIN

6" 3" 3"

T
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P

 
 

3
"

T
Y

P

1
 1

/4
"

TYP

4"

1 1/4"

3 1/2"

EMBED

7" MIN

S
E

E
 N

O
T

E
 2

3
 1

/2
" 

M
IN

3-3/4"Ø A325N BOLTS, 
PROVIDE SHORT 
HORIZONTAL SLOTTED 
HOLES IN BEAM WEB

MIN

6" 3" 3"

6
"

2
 1

/2
"

3
"

T
Y

P

1
 1

/4
"

TYP

4"

B
E

A
M

 D
E

P
T

H
S

8
" 

O
R

 1
0

"

EMBED

7" MIN

S
E

E
 N

O
T

E
 2

3
 1

/2
" 

M
IN

6
" 

M
IN

6
" 

M
IN

1 1/4"

3 1/2"

EMBED

7" MIN

6
" 

M
IN

S
E

E
 N

O
T

E
 2

3
 1

/2
" 

M
IN

3" 2 1/2"

B
E

A
M

 D
E

P
T

H

6
" 

M
A

XE
Q

E
Q

TYP

4"

MIN

6" 3" 3"

STEEL BEAM

2-L7x4x3/8x0'-3" LONG W/ 2-3/4"Ø 
SST ADH ANCHORS, 0'-2 3/4" 
LENGTH FOR 4" BEAM

2-3/4"Ø A325N BOLTS, 
PROVIDE SHORT 
HORIZONTAL SLOTTED 
HOLES IN BEAM WEB

CONC WALL OR BEAM

2-3/4"Ø A325N BOLTS, 
PROVIDE SHORT 
HORIZONTAL SLOTTED 
HOLES IN BEAM WEB

STEEL BEAM

CONC WALL OR BEAM

COPE BOTTOM FLANGE 
FOR BEAM INSTALLATION

2-L4x3 1/2x3/8x0'-8 1/2" LONG 
W/ 4-3/4"Ø SST ADH ANCHORS

CLIP BOTTOM OF ANGLE 3"@45º

CONC WALL OR BEAM

CLIP BOTTOM OF ANGLE 3"@45º

STEEL BEAM

B
E

A
M

 D
E

P
T

H

1
2
"

COPE BOTTOM FLANGE 
FOR BEAM INSTALLATION

2-4x3 1/2x3/8x1'-2 1/2" W/ 
6-3/4"Ø SST ADH ANCHORS

S-05-0104

COLUMN BASE - STEEL

TYP

1 1/2"

(3
/4

" 
U

N
O

)

"t
" 

S
E

E
 P

L
A

N
S

TYP

1 1/2"

(3
/4

" 
U

N
O

)

"t
" 

S
E

E
 P

L
A

N
S

M
IN

C
O

L
 +

5
"

COL +5" MIN

1
 1

/4
" 

M
N

M
IN

C
O

L
 +

5
"

MIN

COL +5"

T
Y

P

1
 1

/4
" 

M
IN

C
O

L
 +

6
" 

M
IN

6" MIN

COL +1"

T
Y

P

1
 1

/4
" 

M
IN

T
Y

P

1
 3

/4
"

T
Y

P

1
 1

/2
" 

M
IN

 
 

COL +1"

  

 

C
O

L
 +

1
" 

O
R

 
A

B
 S

P
G

 +
3
" 

W
H

IC
H

E
V

E
R

 
IS

 G
R

E
A

T
E

R

2 1/2" FOR W10 
COLUMN, 3 1/2" FOR 
W12 COLUMN, 4" 
FOR W14 COLUMN

NOTES:
1. UNLESS OTHERWISE NOTED, ANCHOR BOLTS SHALL BE 3/4" DIA x REQUIRED WITH LEVELING 

NUTS AND 1'-0" MINIMUM EMBED AND BASE PLATES SHALL BE CENTERED ON COLUMN.
2. WELD SIZE SHALL BE DETERMINED BY THE THICKEST MEMBER JOINED; MINIMUM WELD SIZE 

SHALL BE 3/16" FILLET FOR MATERIAL THICKNESS UP TO AND INCLUDING 1/2", 1/4" FILLET 
FOR THICKNESS OVER 1/2" TO 3/4", AND 5/16" FILLET FOR MATERIAL THICKNESS OVER 3/4".  
ALL WELDS SHALL BE SINGLE-PASS WELDS.

ELEVATION 
TYPE A

ELEVATION 
TYPE B

PLAN PLAN

PLAN PLAN

1 1/2" NON-SHRINK 
GROUT AS SPECD, 
ROUND CORNERS 
W/ 3/4" RADIUS TOOL

ANCHOR BOLTS

SEE NOTE 2

SEE NOTE 2

1 1/2" NON-SHRINK 
GROUT AS SPECD, 
ROUND CORNERS 
W/ 3/4" RADIUS TOOL

ANCHOR BOLTS

W COLUMN
W COLUMN

HSS COLUMN HSS COLUMN

CAPACITY

2,800 LBS

7,000 LBS

11,000 LBS

ENGR TO VERIFY

ALUMINUM BEAM TO CONCRETE CONNECTION

S-05-0201

AL MEMBER DEPTH AL DOUBLE ANGLES (n) ROWS

2-L4x3 1/2x3/8x0'-9" 2

3

12-L6x4x3/8x3" LONG4", 5", 6"

8"

10", 12", 15"

SST ADHESIVE ANCHORS

2-5/8"∅ SST ADHESIVE ANCHORS

4-5/8"∅ SST ADHESIVE ANCHORS

4-3/4"∅ SST ADHESIVE ANCHORS2-L4x3 1/2x3/8x0'-9"

NOTE:
DURING INSTALLATION OF ADHESIVE ANCHORS BEAM TOP REINFORCEMENT SHALL NOT BE
CUT. PRIOR TO FABRICATION FIELD LOCATE REINFORCEMENT AND LENGTHEN ANGLES AS
REQUIRED LOWER ANCHORS TO CLEAR REINFORCEMENT.

EMBEDMENT

5", MIN

5", MIN

6 1/2", MIN

T
Y

P

1
 1

/2
"

6
"

2
 1

/2
"

M
IN4
"

T
Y

P

2
 1

/2
"

TYP

2 1/2" 3 1/2"

(DUROMETER 60)

1/4" NEOPRENE PAD W/ ADHESIVE

TYP

1 1/2"

AL BEAM OR CHANNEL

AL ANGLE (SEE TABLE)

1 ROW CONNECTION ONLY, 
PROVIDE ADD BOLT

EMBEDMENT (SEE TABLE)

CONCRETE BEAM OR WALL

ADHESIVE ANCHORS (SEE TABLE)

2 ROW CONNECTIONS, CLIP 
BOTTOM OF ANGLE 2"@45º

COPE BOTTOM OF FLANGE FOR 
BEAM INSTALLATION AS REQD

(n) ROWS 3/4"Ø SST BOLTS, 
PROVIDE SHORT HORIZONTAL 
SLOTTED HOLES IN WEB

ALUMINUM FRAMING CONNECTION

S-05-0202

2-L4x4x5/16x0'-5 1/2" 2

3

12-L6x4x3/8x0'-3" LONG4", 5", 6"

8"

10", 12", 15" 2-L4x4x5/16x0'-8"

AL DOUBLE ANGLESAL MEMBER DEPTH (N) ROWS

T
Y

P

1
 1

/2
"

2
 3

/4
"

TYP

1 1/2"

T
Y

P

2
 1

/2
"

TYP

1 1/2"

1/2"

D
E

P
T

H

AL DOUBLE ANGLE, 
SEE TABLE

1 ROW CONNECTION 
ONLY, PROVIDE ADD 
BOLT, CENTER IN BEAM

AL BEAM OR CHANNEL

PROVIDE SHORT 
HORIZONTAL SLOTTED 
HOLES IN WEB

AL BEAM OR CHANNEL

COPE TOP AND BOTTOM 
FLANGES FOR BEAM 
INSTALLATION AS REQD

3
/4

"Ø
 S

S
T

 B
O

L
T

S

(n
) 

R
O

W
S

STAIR NOSING

S-05-0303

REINFORCEMENT AS REQD, 
SEE CONTRACT DWGS

TERMINATE ABRASIVE NOSING 
3" FROM EACH SIDE OF 
STAIRS, PAINT UNDERSIDE OF 
NOSING PER PAINTING SPECS

3/4" R

CORNER GUARD

S-05-0304

NOTE:
CORNER GUARD REQUIRED ONLY
WHERE SHOWN ON PLANS

L2x2x1/4

3/8"Ø x4" ARC WELDED 
STUD @2'-0" OC
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SECTION

ALUMINUM LADDER

S-05-0501

SECTION ELEVATION

 
 

4
"

 
 

2
'-

1
0

"
 

 
6

"

 
 

6
"

 
 

6
"

 
 

1
2

"
R

U
N

G
S

 1
2

" 
O

C
 T

Y
P

 
 

6
" 

 
3

"

 
 

3
'-

6
"

  4"   8"
  2'-4 1/2"

  18"

 
 

8
"

1/4
TYP

1/4
TYP

PROVIDE SELF-CLOSING 
GATE AT ALL LADDERS 
AND AT ACCESS POINTS 
WHERE INDICATED ON 
THE CONTRACT DWGS

CAST AL BASE FLANGE,SEE 
PLAN VIEW DETAIL S-05-060, 
OR 6"x6"x1/4" AL BASE PL

2-5/8" SST ANCHOR BOLTS 
AND INSERTS, TYP

BRACKETS EQUALLY 
SPACED AT NOT 
MORE THAN 5'-0" OC

1 1/2" AL PIPE RAIL

3/4" MIN CLOSED 
EXTRUDED AL RUNGS

2 1/2"x3/8" ALUMINUM 
BRACKETS W/ 3/4" SST 
ANCHORS AND INSERTS 
OR ADHESIVE ANCHORS

IF CONCRETE IS AVAILABLE FOR 
BASE REPLACE BOTTOM BRACKET 
WITH AL PLATE AND SST ANCHORS 
AS SHOWN AT TOP OF LADDER

FLOOR OR 
TOP OF WALL

WALL 
ALTERNATE

NOTE:
SEE SPECIFICATION SECTION 05 51 33 FOR SAFETY LADDER 
SYSTEM AND RETRACTABLE SAFETY EXTENSION REQUIREMENTS.

SECTION

S-05-0506

SECTION ELEVATION

CROSSOVER
ALUMINUM LADDER

 
 

8
" 1/4

TYP

1/4
TYP

 
 

1
2

"

T
Y

P

R
U

N
G

S
 1

2
" 

O
C

 
 

1
2

"

 
 

6
"

 
 

3
"

  8"   8"

 
 

3
'-

6
"

 
 

1
0

"
 

 
2

'-
6

"
 

  
4

"

  18"

1 1/4" AL GRATING

AL C4x2.16, TYP

2-1/2"Ø SST BOLTS, TYP

BRACKETS EQUALLY 
SPACED AT NOT 
MORE THAN 5'-0" OC

1 1/2" AL PIPE RAIL

3/4" MIN CLOSED 
EXTRUDED AL RUNGS

2 1/2"x3/8" ALUMINUM 
BRACKETS W/ 3/4"Ø SST 
ANCHORS AND INSERTS 
OR ADHESIVE ANCHORS

IF CONCRETE IS AVAILABLE FOR 
BASE, REPLACE BOTTOM BRACKET 
WITH AL BASE FLANGE AND SST 
ANCHORS, TYP EACH SIDE

  2'-4 1/2"

NOTE:
SEE SPECIFICATION SECTION 05 51 33 FOR 
SAFETY LADDER SYSTEM REQUIREMENTS.

TREAD DETAIL

S-05-0511

T + 1"

  1 1/8"

 

TOP/S
TRIN

GER

1" M
IN

 N
OSIN

G D
IM TYP

1 1/4" ABRASIVE NOSING

GRATING TREAD

7/16"x1" SLOT

7/16"Ø

CARRIER PL OR L
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GUARD GATE

S-05-0603

2'-4 1/2" UNO

LATCH ASSEMBLY

SELF-CLOSING GATE

ALUMINUM GRATING

AT FLOORAT WALL

S-05-0701

SCHEDULE BASED ON 150 PSF

SPAN, S DEPTH (MIN) CONCRETE ANCHOR (SIZE AND SPACING)

1 1/2"

1 3/4"

2"

2 1/4"

2 1/2"

1/2"∅x5 1/2" @ 18"

5/8"∅x6" @ 18"

0'-0"<S ≤ 4'-0"

4'-0"<S ≤ 5'-0"

5'-0"<S ≤ 5'-6"

5'-6"<S ≤ 6'-0"

6'-0"<S ≤ 6'-6"

ALL AROUND

1/8" CLEARANCE

SPAN, S

AL GRATING

L3x3x3/8 AL, CONT

SST CONCRETE 
ADHESIVE ANCHOR

EXTRUDED AL FRAME W/ 
CONTINUOUS ANCHOR

GRATING CONFINEMENT 
STUD, SEE S-05-0706, NOT 
REQD FOR SINGLE GRATING 
PANEL INSTALLATIONS, TYP

WATERTIGHT/AIRTIGHTSTANDARD

CHECKERED FLOOR PLATE

S-05-0801

SECTION

ALUMINUM CHECKERED
PLATE (SEE

SPECIFICATIONS)

S
E

E
 P

L
A

N
S

O
P

E
N

IN
G

 V
A

R
IE

S

SEE PLANS

OPENING VARIES

FLAT HEAD MACHINE 
SCREWS, AT CORNERS AND 
AT 24" MAX SPACING ALL 
AROUND OPENING, REQUIRED 
ONLY WHERE INDICATED ON 
DRAWINGS AS A BOLTED OR 
WATERTIGHT ACCESS HATCH

LIFT HANDLE, TWO HANDLES 
ARE REQUIRED WHEN THE 
OPENING IS GREATER THAN 36"

B
E

A
R

IN
G

 A
L

L
 A

R
O

U
N

D

P
L
A

T
E

 S
H

A
L

L
 H

A
V

E
 M

IN
 1

 1
/2

"

HINGES AT 3'-0" MAX OC

 
 

4
 1

/2
"

  5"

EXTRUDED AL FRAME

AL CHECKERED PLATE 
FLUSH WITH SURFACE

ANCHOR LUG @18" OC 
MIN TWO EACH SIDE, TYP

AL STIFFENER ANGLE AS 
REQD WELDED TO 
CHECKERED PL, (SEE SPECS)

FALL THROUGH PREVENTION 
SYSTEM REQUIRED AT ALL OPENINGS

DRILL AND TAP FOR 3/8"Øx5/8" 
LG SST FLAT HEAD MACHINE 
SCREW TYP AS REQD

1 1/4"x1/8" NEOPRENE 
BONDED TO FRAME, 
CONT AROUND OPENING

CUTOUT IN PL

BENT 5/16" SST ROD, RECESS 
INTO PL WHEN AT REST

1/8

2"x3/16" AL BAR

3/8"Ø SST HEX NUT

GRATING CONFINEMENT USING STUDS

S-05-0706

PLAN - OPEN GRATING

SECTION A - A SECTION B - B

PLAN - PLANK GRATING

BAA

T
Y

P
 G

R
A

T
IN

G
 P

A
N

E
L

C, W, OR L

TYP SUPPORT BELOW

C, W, OR L

TYP SUPPORT BELOW

1" MAX

5/8" MIN

1" MAX

5/8"MIN

C, W, OR L SUPPORT

PLANK GRATING

STUD

CUT RECTANGLE 
IN TOP OF PLANK

OPEN GRATING

PLANK GRATING, TYP
OPEN GRATING, TYP

4-1/4"Ø WELDED PLAIN 
STUDS, LENGTH TO MATCH 
GRATING HEIGHT, ONE EA 
PANEL CORNER, TYP

HOLD DOWN 
CLIPS/SCREWS, TYP

BANDING ON ENDS

NOTES:
1. STUDS SHALL BE:

METAL GRATING - 1/4" Ø WELDED PLAIN STUD OF SAME MATERIAL AS SUPPORT, 
WITH STUDS WELDED PER AWS REQUIREMENTS.
FRP GRATING - #14 SST TEK SCREWS, SELF-DRILLED INTO THE BASE MATERIAL.

2. INSTALLED STUD SHALL MATCH GRATING HEIGHT.
3. STUD SHALL BE PLACED BETWEEN CROSS BAR(S) AND/OR BEARING BARS.

B

ELEVATION

ALUMINUM GUARDS AND HANDRAILS

PLAN
PLAN

ELEVATION

S-05-0601

SIDE MOUNT
TO METAL

SURFACE MOUNTED
TO METAL SURFACE MOUNTED

TO CONCRETE
SIDE MOUNT

TO CONCRETE

STAIR GUARD SECTION WALL HANDRAIL

TYPICAL STAIR
HANDRAIL TURN

 
 

1
 1

/4
"

 
 

1
 1

/4
" 1 1/2" AL PIPE POST

4-3/8" HEX HEAD BOLTS

RAILING FLANGE

1/4" 'D' STOP 
(ONE SIDE ONLY)

  1 1/4"   1 1/4"

5/16" MIN

M
A

X

 
 

4
 1

/2
"

1
/2

" 
M

IN
1/4" 'D' STOP 
(ONE SIDE ONLY)

1
/4

" 
C

L
R

4
" 

P
L

M
A

X

 
 

2
1

"

M
A

X

 
 

2
1

"

 
 

7
"

4
" 

M
A

X

4" MAX CLR

GUARD TYPE IIGUARD TYPE I

1 1/2" AL 
PIPE RAILING

1/2" AL PIPE, 
VERTICAL

TOEBOARD, TYPICAL 
ALL GUARDS

NOTE:
UNLESS SHOWN OTHERWISE ON THE 
CONTRACT DRAWING, GUARDS SHALL BE TYPE I.

1 1/2" ALUMINUM 
PIPE POST

CAST AL BASE FLANGE

4-1/2"Ø SST BOLTS

 
 

4
"

1
/4

" 
M

A
X

1
/2

" 
M

IN

M
IN

 
 

2
 1

/2
"

EXTRUDED ALUMINUM 
TOEBOARD

EXTRUDED AL 
ADAPTER (USED ONLY 
WITH AL BASE FLANGE)

1 1/2" ALUMINUM 
PIPE POST

1 1/2"x1/8" AL CLAMP

3/8"Ø SST SET SCREWS

CAST AL BASE FLANGE

4-1/2"Ø SST 
ADHESIVE ANCHORS

 
 

1
"

 
 

1
"T
Y

P

 
 

2
"

 
 

5
"

 
 

2
 1

/2
"

  6 1/2"

1 1/2" ALUMINUM 
PIPE POST

TOP OF CONCRETE

1/2"Øx5 1/2" SST ADH 
ANCHORS, TYP

6 1/2"x2" ALUMINUM SIDE 
MOUNT BRACKET, TYP

3/8"Ø SET SCREWS

  6 1/2"

 
 

1
 3

/8
"

  3/4"   2 1/2"   2 1/2"   3/4"

 
 

3
/4

"
 

 
3

 1
/2

"
 

 
3

/4
"

 
 

5
"

3/4" MIN 3 1/2" MIN 3/4" MIN

M
IN

 
 

3
"

5" MIN

5" MIN

5
" 

M
IN

6'-0" MAX 6'-0" MAX

3
'-
6
" 

M
IN

3
'-
6
" 

M
IN

EDGE OF CONCRETE

4-1/2"Ø SST ADHESIVE ANCHORS

9/16"Ø HOLES

CAST AL BASE PLATE

VARIES

GUARD

HANDRAIL SHALL 
BE CONTINUOUS

SIDE MOUNT RAILING

EDGE OF LANDING

 
 

2
'-

1
0

"

CLEAR

  2 1/4"

1
 1

/2
" 

C
L
E

A
RBRACKET

HANDRAIL

CLEAR

  2 1/4"

1
 1

/2
" 

C
L
E

A
R

GUARD SYSTEM

HANDRAIL

BRACKET

  12"

5'-0" MAX

EQUAL SPACING

 
 

2
'-

1
0

"

3
'-
6
" 

M
IN

  11"   4"
RETURN END OF HANDRAIL 
TO GUARD AT BOTH ENDS

METAL STRINGERS 
SHOWN, CONC STAIR SIM

WALKING SURFACE

TYPE I GUARD 
SHOWN

HANDRAIL

ALUMINUM PLANK GRATING

AT FLOORAT WALL

S-05-0707

SCHEDULE BASED ON 150 PSF

SPAN, S DEPTH (MIN) CONCRETE ANCHOR (SIZE AND SPACING)

1 1/2"

1 3/4"

2"

2 1/4"

2 1/2"

5/8"∅x6" @ 18"

0'-0"<S ≤ 5'-6"

5'-6"<S ≤ 6'-0"

6'-0"<S ≤ 6'-6"

6'-6"<S ≤ 7'-0"

7'-0"<S ≤ 8'-0"

ALL AROUND

1/8" CLEARANCE

SPAN, S

AL  PLANK GRATING

L3x3x3/8 AL, CONT

SST CONCRETE 
ADHESIVE ANCHOR

EXTRUDED AL FRAME W/ 
CONTINUOUS ANCHOR

GRATING CONFINEMENT 
STUD, SEE S-05-0706, NOT 
REQD FOR SINGLE GRATING 
PANEL INSTALLATIONS, TYP
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5/8"∅x6" @ 18"

1/2"∅x5 1/2" @ 18"

2"

1 1/2"

CONCRETE ANCHOR (SIZE AND SPACING)DEPTH (MIN)SPAN, S

SCHEDULE BASED ON 150 PSF

0'-0" < S ≤ 3'-6"

3'-6"< S ≤ 5'-0"

FRP GRATING

AT FLOORAT WALL

S-06-0101

SPAN, S

FRP GRATING

L3x3x3/8 FRP, CONT

316 SST CONCRETE 
ADHESIVE ANCHOR

GRATING CONFINEMENT 
STUD, SEE S-05-0706, NOT 
REQD FOR SINGLE GRATING 
PANEL INSTALLATIONS, TYP

PROVIDE 1/2" FRP 
STIFFENER @18" OC

FRP EMBEDDED ANGLE

ALL AROUND

1/8" CLEARANCE

FRP GUARDS AND HANDRAIL SYSTEM

SIDE MOUNT

SURFACE MOUNTED 
TO CONCRETE

PLAN

ELEVATION

TYPICAL STAIR
HANDRAIL TURN

S-06-0303

  12"

5'-0" MAX

EQUAL SPACING

 
 

2
'-

1
0

"

3
'-
6
" 

M
IN

  11"   4"
RETURN END OF HANDRAIL 
TO GUARD AT BOTH ENDS

METAL STRINGERS 
SHOWN, CONC STAIR SIM

STAIR GUARD SECTION WALL HANDRAIL

 
 

2
'-

1
0

"

2 1/4" CLEAR

1
 1

/2
" 

C
L
E

A
RBRACKET

HANDRAIL

2 1/4" CLEAR

1
 1

/2
" 

C
L
E

A
R

GUARD SYSTEM

HANDRAIL

BRACKET

3
'-
6
" 

M
IN

4'-0" MAX

M
A

X

 
 

2
1

"

M
A

X

 
 

2
1

"

4" HIGH TOEBOARD, 
TYP ALL GUARDS

WALKING SURFACE

1 3/4" MIN SQUARE FRP 
TUBE RAILING, TYP

 
 

3
"

BEAM WEB

2" MIN SQUARE 
FRP TUBE POST

FRP ANGLE CLIP, TYP

1/2"Ø FRP OR 
SST BOLTS, TYP

FRP TOEBOARD

2" MIN FRP SQUARE 
TUBE POST

FRP SURFACE MOUNT 
MOLDED POST BASE

4-1/2"Ø SST 
ADH ANCHORS

1" MIN 6" MIN 1" MIN

8" MIN

 
 

1
"

 
 

2
"

 
 

1
"

 
 

4
"

M
IN

 
 

3
"

EDGE OF CONC

9/16"Ø HOLES

4-1/2"Ø SST 
ADH ANCHORS

FRP MOLDED 
BASE FLANGE

VARIES

GUARD

HANDRAIL 
SHALL BE CONT

SIDE MOUNT RAILING

EDGE OF LANDING

TYPE I GUARD 
SHOWN

HANDRAIL

  4
"

MIN

  1/8"

FRP LADDER

SECTION ELEVATION

S-06-0201

4"   7"

CLEAR

2' - 0"

3
' -

 6
"

CLEAR

  18"

1
2
" 

M
A

X

A
S

 R
E

Q
D

R
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N
G

S
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 1

2
" 

S
P

A
C

IN
G

, 
M

A
X

6
'-
0

" 
M

A
X

 S
P

A
C

IN
G

PROVIDE SELF CLOSING 
GATE AT ALL LADDERS 
WHERE INDICATED ON 
THE CONTRACT DWGS

SPACER BLOCKS AS 
REQD FOR WALK THRU

MIN 3/8" BASE ANGLE 
SUPPORT, ATTACH TO 
SIDE RAIL WITH 3/8" SST 
BOLT AND TO CONCRETE 
WITH 1/2" SST ADHESIVE 
OR EXPANSION ANCHOR

MIN 1 3/4" FRP TUBE SIDE RAIL

3/8" MIN STANDOFF WALL 
BRACKET, ATTACH TO SIDE RAIL 
WITH 2-3/8" SST BOLTS AND TO 
WALL WITH 1/2" SST ADHESIVE 
OR EXPANSION ANCHOR

MIN 1" SOLID CIRCULAR 
RUNG, GRITTED OR FLUTED 
FOR SLIP RESISTANCE

6
"

IF CONCRETE IS AVAILABLE 
CONTRACTOR HAS OPTION OF 
REPLACING BOTTOM WALL BRACKET 
WITH BASE ANGLE SUPPORT

NOTE:
SEE SPECIFICATION SECTION 05 51 33 FOR SAFETY LADDER 
SYSTEM AND RETRACTABLE SAFETY EXTENSION REQUIREMENTS.

S-05-0806

AL ACCESS DOOR

SECTION

PLAN

ANGLE FRAME CHANNEL FRAME/WATERTIGHT

NOTE:
OPENINGS LARGER THAN 42 INCHES IN EITHER 
DIRECTION SHALL HAVE DOUBLE LEAF DOORS.

S
E

E
 P

L
A

N
S

O
P

E
N

IN
G

 V
A

R
IE

S

SEE PLANS

OPENING VARIES

SST HEAVY DUTY HINGE, TYP

GUIDE ARM, TYP

LIFTING MECHANISM, TYP

REMOVABLE COVER PLUG

REMOVABLE WRENCH

ACCESS DOOR

SST LOCK

AUTOMATIC 
HOLD-OPEN ARM

CONTINUOUS GASKET 
ALL AROUND

ALUMINUM ANGLE FRAME

FALL THROUGH 
PREVENTION SYSTEM 
REQUIRED AT ALL OPENINGS

LIFTING MECHANISM

PLATE MEMBER FOR 
ATTACHMENT OF 
LIFTING MECHANISM

SST HEAVY DUTY HINGE

ALUMINUM CHANNEL 
FRAME WITH INTEGRAL 
GUTTER AND ANCHORS

DRAIN COUPLING

DRAIN PIPE, BY 
CONTRACTOR TO 
NEAREST ACCEPTABLE 
DISCHARGE POINT
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GRADE OR EARTH

ASPHALT PAVING

SAND

GRAVEL

CONCRETE

CONCRETE FILL

CONC. MASONRY UNIT

BRICK WOOD BLOCKING

GLASS

CHECKERED PLATE

GRATING

WATER SURFACE

INSULATION

STEEL

ROCK

1. FOR CONCRETE AND STEEL SIZES AND CONFIGURATIONS, SEE STRUCTURAL DRAWINGS.

2. FOR LOCATION OF EQUIPMENT PADS, SEE STRUCTURAL AND PROCESS MECHANICAL DRAWINGS.

3. FOR FINAL GRADING AND BUILDING LOCATION, SEE CIVIL DRAWINGS.

4. FOR FLOOR DRAIN LOCATIONS, SEE CIVIL, STRUCTURAL AND PLUMBING DRAWINGS.

5. ITEMS NOT NOTED ON DRAWINGS SHALL BE CONSIDERED THE SAME AS NOTED ITEMS WHICH ARE 
GRAPHICALLY REPRESENTED IN THE SAME MANNER.

6. SURFACES TO BE PAINTED ARE NOT COMPLETELY INDICATED ON DRAWINGS. SEE DETAILS 
SPECIFICATION 09900 PAINTING AND FINISH SCHEDULE.

7. INTERIOR WALLS SHALL EXTEND TO UNDERSIDE OF THE ROOF OR FLOOR SLAB ABOVE UNO.

8. PROVIDE TOP OF WALL ANCHORS FROM THE TOP COURSE OF ALL INTERIOR MASONRY WALLS TO THE 
BEAM OR SLAB ABOVE UNO. 

9. DOORS SHALL BE LOCATED 8" FROM THE CORNERS OF MASONRY WALLS UNLESS OTHERWISE 
DIMENSIONED ON THE PLAN.

10. WALL DIMENSIONS ARE TO FACE OF MASONRY. SEE PARTITION SCHEDULE FOR ADDITIONAL 
INFORMATION.

11. DIMENSIONS REPRESENT MASONRY OPENINGS IN MASONRY WALLS.

12. MASONRY WALL DIMENSIONS ARE NOMINAL MASONRY SIZES UNO.

13. WHERE THE TERM "ALIGN" IS SHOWN ON THE DRAWING, IT SHALL MEAN THAT FINISH MATERIALS ON 
WALLS SHALL ALIGN. WHERE FINISHES HAVE DIFFERENT SUBSTRATES, PROVIDE A CONTROL JOINT IN 
THE FINISH MATERIAL WHERE THE DIFFERENT MATERIALS MEET.

14. VERTICAL MASONRY REINFORCING SHALL BE IN FULLY GROUTED CELLS, AND SPACED AS INDICATED 
ON DRAWINGS, ADJACENT TO ALL OPENINGS AND AT CORNERS.

15. WHERE DISSIMILAR METALS ADJOIN, SEPARATE WITH BARRIER COATING TO PREVENT GALVANIC 
CORROSION.

16. FOR EXPOSED METAL DECK CEILINGS, ROOFING SCREWS TO BE CUT TO NOT EXTEND MORE THAN 1" 
THROUGH METAL DECK.

17. SEE DRAWINGS S-1 AND S-2 FOR STRUCTURAL LOADS, INCLUDING NON-STRUCTURAL COMPONENT 
ANCHORAGE TO RESIST SEISMIC FORCES.

18. WHERE DISCREPANCIES ARE FOUND, NOTIFY THE ENGINEER IN ACCORDANCE WITH THE GENERAL 
CONDITIONS.

19. DRAWINGS ARE REPRESENTATIVE, AND DO NOT SUGGEST THE USE OF A PARTICULAR PRODUCT. 
NOTES AND SPECIFICATIONS SHALL DEFINE SPECIFIC PRODUCTS.
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ARCHITECTURAL
ABBREVIATIONS, LEGENDS, SYMBOLS AND

GENERAL NOTES

ABBREVIATIONS 

DRAWINGS ARE CROSS REFERENCED IN THE FOLLOWING METHOD:
(A) A SECTION CUT ON DRAWING A3 IS IDENTIFIED AS FOLLOWS:

(B) THE SECTION SHOWN ON DRAWINGS A6 IS IDENTIFIED AS FOLLOWS:

DETAILS ARE CROSS REFERENCED IN A SIMILAR MANNER, EXCEPT DETAILS
ARE IDENTIFIED BY A SQUARE WITH A NUMBER IN THE UPPER HALF.

STANDARD DETAILS ARE REFERENCED BY A UNIQUE SEVEN DIGIT NUMBER
AND ARE SHOWN ON THE CONTRACT DRAWINGS BY ONE OF TWO METHODS:

OR:

STANDARD DETAILS ARE COMPILED IN APPROXIMATE NUMERICAL ORDER IN 
THE BACK OF THE CONTRACT DRAWINGS ON THE D* DRAWINGS

A

A6

A

A3

SECTION LETTER

DRAWING WHERE SECTION IS SHOWN

SECTION LETTER

DRAWING FROM WHERE SECTION WAS TAKEN

AB ANCHOR BOLT
AC ALTERNATING CURRENT/

ASBESTOS CEMENT
ACT ACOUSTIC TILE
AD AREA DRAIN
ADDL ADDITIONAL
ADJ ADJUSTABLE
AFF ABOVE FINISHED FLOOR
AGGR AGGREGATE
AL ALUMINUM
ALLOW ALLOWANCE/ALLOWABLE
ALT ALTERNATE
APPROX APPROXIMATE
ARCH ARCHITECTURAL
ASB ASBESTOS
ASPH ASPHALT
AT ASPHALT TILE

B BORING
BC BRICK COURSE
BD BOARD
BFE BOTTOM OF FITTING ELEV
BITUM BITUMINOUS
BL BASE LINE/ BUILDING LINE
BLDG BUILDING
BLK BLOCK
BM BENCH MARK
BOC BACK OF CURB
BOT BOTTOM
BRG BEARING
BRK BRICK
BRZ BRONZE
BSMT BASEMENT
BT BOLT
BUR BUILT-UP ROOFING
BV BALL VALVE

C CLOSET/CARPET/CHANNEL
CAB CABINET
CB CATCH BASIN
C/C CENTER TO CENTER
CE CONSTRUCTION EASEMENT
CEM CEMENT
CER CERAMIC
CF CUBIC FEET
CFM CUBIC FEET PER MINUTE
CI CAST IRON/ CUBIC INCHES
CIP CAST IRON PIPE
CL CENTER LINE/CHLORINE
CLG CEILING
CLKG CAULKING
CLR CLEAR
CMP CORRUGATED METAL PIPE
CMU CONCRETE MASONRY UNIT
CO CLEANOUT
COL COLUMN
CONC CONCRETE
CONST CONSTRUCTION
CONT CONTINUOUS
CONTR CONTRACTOR
CORP CORPORATION
CORR CORRIDOR
CP CONCRETE PLANK
CRS COURSE
CT CERAMIC TILE
CTJ CONTROL JOINT
CU COPPER
CV CHECK VALVE
CW COLD WATER
CY CUBIC YARD

DC DIRECT CURRENT
DET DETAIL
DF DRINKING FOUNTAIN
DIA (Ø) DIAMETER
DIAG DIAGONAL
DIM DIMENSION
DIP DUCTILE IRON PIPE
DISCH DISCHARGE
DIST DISTRIBUTION
DJ DOUBLE JOINT
DL DEAD LOAD
DN DOWN
DOZ DOZEN
DR DOOR
DWG DRAWING
DWL DOWEL

E EAST/ EASEMENT
EA EACH
ECC ECCENTRIC
EF EACH FACE
EFF EFFLUENT
EIP EXIST IRON PIPE
EL ELEVATION
ELEC ELECTRIC/ ELECTRICAL
ELL ELBOW
ENGR ENGINEER
ENT ENTRANCE
EOG EDGE OF GRAVEL
EOP EDGE OF PAVEMENT
EQ EQUAL
EQPT EQUIPMENT
EW EACH WAY
EX EXISTING
EXC EXCAVATE
EXH EXHAUST
EXP EXPANSION
EXT EXTERIOR

FAB FABRICATE
F&C FRAME AND COVER
F&G FRAME AND GRATE
FC FLUSHING CONNECTION
FD FLOOR DRAIN
FDN FOUNDATION
FE FIRE EXTINGUISHER
FF FINISHED FLOOR
FH FIRE HYDRANT

FIN FINISH
FIX FIXTURE
FL FLASHING/ FLOOR
FLEX FLEXIBLE
FLG FLANGE
FLUOR FLUORESCENT
FLXC FLEXIBLE CONNECTION
FM FORCE MAIN
FPRF FIREPROOF
FRP FIBERGLASS REINFORCED 

POLYESTER LAMINATE
FT FEET
FTG FOOTING/ FITTING
FURR FURRING/ FURRED
FV FIELD VERIFY

G GAS/ GAS LINE
GA GAUGE
GAL GALLON
GALV GALVANIZED
GC GENERAL CONTRACTOR
GEN GENERATOR
GI GALVANIZED IRON
GL GLASS
GPM GALLONS PER MINUTE
GR GRADE
GV GATE VALVE
GW GUY WIRE
GWB GYPSUM WALL BOARD
GWF GLAZED WALL FINISH
GYP GYPSUM

H HEIGHT
HDW HARDWARE
HEX HEXAGONAL
HM HOLLOW METAL
HORZ HORIZONTAL
HP HORSEPOWER
HPT HIGH POINT
HSS HOLLOW STRUCTURAL SECTION
HTR HEATER
HVAC HEATING, VENTILATION AND 

AIR CONDITIONING
HW HOT WATER
HWL HIGH WATER LEVEL
HWY HIGHWAY
HYD HYDRAULIC

I IRON
ID INSIDE DIAMETER
IF INSIDE FACE
IN INCH
INCL INCLUDED
INF INFLUENT
INS INSULATION
INT INTERIOR
INV INVERT

J JOIST
JB JUNCTION BOX
JCT JUNCTION
JT JOINT

L LENGTH/ ANGLE
LA LINE AHEAD
LAB LABORATORY
LAM LAMINATED
LAT LAVATORY
LB POUND/ LINE BACK
LF LINEAR FEET
LG LONG
LL LIVE LOAD
LLH LONG LEG HORIZONTAL
LLV LONG LEG VERTICAL
LP LIGHT POLE
LPT LOW POINT
LT LIGHT
LTG LIGHTING
LVR LOUVER
LWL LOW WATER LEVEL

MAINT MAINTENANCE
MATL MATERIAL
MAX MAXIMUM
MECH MECHANICAL
MEMB MEMBRANE
MET METAL
MFR MANUFACTURER
MG MILLION GALLONS
MGD MILLION GALLONS PER DAY
MH MANHOLE
MIN MINIMUM
MISC MISCELLANEOUS
MJ MECHANICAL JOINT
MLDG MOLDING
MO MASONRY OPENING
MOD MODIFY/ MODIFIED
MON MONUMENT
MOT MOTOR
MTD MOUNTED
MTG MOUNTING
MULT MULTIPLE

N NORTH
NA NOT APPLICABLE
NF NEAR FACE
NIC NOT IN CONTRACT
NO NUMBER
NOM NOMINAL
NPW NON POTABLE WATER
NTS NOT TO SCALE

OC ON CENTER
OD OUTSIDE DIAMETER
OF OUTSIDE FACE
OFF OFFICE
OPER OPERATOR
OPNG OPENING

OPP OPPOSITE
ORIG ORIGINAL
OT OPEN TRUSS
OVHD OVERHEAD

PAR PARALLEL
PC POINT OF CURVE/ PIECE
PCC POINT OF COMPOUND CURVE
PCF POUNDS PER CUBIC FOOT
PE LINING POLYETHYLENE LINING
PERF PERFORATED
PERP PERPENDICULAR
PI POINT OF INTERSECTION
PL PROPERTY LINE/ PLATE
PNL PANEL
PP POWER POLE
PREFAB PREFABRICATED
PRV PRESSURE RELIEF VALVE
PS PUMPING STATION
PSF POUNDS PER SQUARE FOOT
PSI POUNDS PER SQUARE INCH
PT POINT OF TANGENT/ POINT
PTN PARTITION
PV PLUG VALVE
PVC POLYVINYL CHLORIDE
PVMT PAVEMENT
PW POTABLE WATER

QTY QUANTITY

R RADIUS/ RISER
RCP REINFORCED CONCRETE PIPE
RD ROAD/ ROOF DRAIN
RECIR RECIRCULATION
RECP RECEPTACLE
RECT RECTANGULAR
RED REDUCER
REF REFERENCE
REG REGISTER
REINF REINFORCING
REM REMOVE
REQD REQUIRED
REST RESTRAINED
REV REVISE
RF ROOF
RFG ROOFING
RJ RESTRAINED JOINT
RM ROOM
RND ROUND
RO ROUGH OPENING
RPM REVOLUTIONS PER MINUTE
RR RAILROAD
RT RIGHT
RTU REMOTE TERMINAL UNIT
RW RAW WATER
R/W RIGHT OF WAY

S SOUTH
SAN SANITARY
SBL SURVEY BASELINE
SCH SCHEDULE
SD STORM/SITE DRAIN
SECT SECTION
SERV SERVICE
SEW SEWER
SF SQUARE FEET
SHT SHEET
SI SQUARE INCH
SIM SIMILAR
SJ STEEL JOIST
SPEC SPECIFICATION
SQ SQUARE
SS SANITARY SEWER
SST SST
ST STREET
STA STATION
STD STANDARD
STG STORAGE
STIR STIRRUP
STL STEEL
STR STRUCTURAL
SUB SUBSTITUTE
SUP SUPPLY
SUPT SUPERINTENDENT
SUR SURFACE
SUSP SUSPENDED
SW SWITCH
SWBD SWITCHBOARD
SWD SIDE WATER DEPTH
SYM SYMMETRICAL

T TREAD
T&B TOP AND BOTTOM
T&G TONGUE AND GROOVE
TAN TANGENT
TBM TEMPORARY BENCH MARK
TC TOP OF CURB
TDH TOTAL DYNAMIC HEAD
TECH TECHNICAL
TEL TELEPHONE
TEMP TEMPERATURE
TER TERRAZZO
THERMO THERMOSTAT
THK THICK
THRU THROUGH
TOD TOP OF DECK
TOF TOP OF FOOTING
TOM TOP OF MASONRY/ MANHOLE
TOS TOP OF SLAB
TOW TOP OF WALL
TOL TOLERANCE
TPS TWISTED PAIR SHIELDED
TRANS TRANSFORMER
TYP TYPICAL

UG UNDERGROUND
UH UNIT HEATER
UNFIN UNFINISHED

UNO UNLESS NOTED OTHERWISE
UR URINAL
UTIL UTILITY

VAC VACUUM
VAT VINYL ASBESTOS TILE
VCP VITRIFIED CLAY PIPE
VEL VELOCITY
VENT VENTILATING/ VENTILATION
VERT VERTICAL
VOL VOLUME
VP VENT PIPE
VWC VINYL WALL COVERING

W WEST/ WIDTH
W/ WITH
WC WATER CLOSET
WF WIDE FLANGE
WH WALL HYDRANT
WI WROUGHT IRON
WL WATER LEVEL
W/L WATER LINE
WO WINDOW OPENING
W/O WITHOUT
WP WATERPROOF
WPFG WATER PROOFING
WPT WALL PENETRATING TYPE
WSE WATER SURFACE ELEVATION
WSP WEATHERSTRIP
WT WEIGHT
WV WATER VALVE
WWF WELDED WIRE FABRIC

YD YARD
YR YEAR

ARCHITECTURAL GENERAL NOTES

1509203

SEE 1509203

REFERENCED ITEM

REFERENCED ITEM

SECTION AND DETAIL KEYING LINETYPES

PROPOSED ITEMS

EXISTING ITEMS

HIDDEN ITEMS

DEMOLITION ITEMS

CENTER LINE

MATCH LINE

MATERIALS

1 Revision 1 Date 1



OCCUPANCY
CLASSIFICATION

CHAPTER 3 GROUP F-1

CONSTRUCTION
CLASSIFICATION

CHAPTER 6 TYPE IIB

TABULAR HEIGHT
ALLOWED CHAPTER 5 -

TABLE 504.3

55'-0"

ACTUAL HEIGHT AS
DESIGNED

30'-8"

TABULAR AREA ALLOWED
CHAPTER 5 -
TABLE 506.2

15,500 SF

ACTUAL AREA AS
DESIGNED ELECT.:   672 SF

STORIES ALLOWED
CHAPTER 5 -
TABLE 504.4

2

ACTUAL STORIES 1

FIRE RESISTANCE RATING REQUIREMENTS

STRUCTURAL FRAME
CHAPTER 6 -

TABLE 601
0

EXTERIOR BEARING WALLS
CHAPTER 6 -
TABLE 601 &

602
0

INTERIOR BEARING WALLS
CHAPTER 6 -

TABLE 601
0

EXTERIOR NON-BEARING
WALLS AND PARTITIONS

CHAPTER 6 -
TABLE 602

0

INTERIOR NON-BEARING
WALLS AND PARTITIONS

CHAPTER 6 -
TABLE 601

0

FLOOR CONSTRUCTION
CHAPTER 6 -

TABLE 601
0

ROOF CONSTRUCTION
CHAPTER 6 -

TABLE 601
0

SHAFT ENCLOSURES - EXIT
CHAPTER 7 -

SECTION 708.4
N/A

OPENING PROTECTIVES
CHAPTER 7 -
SECTION 715

0

EGRESS WIDTH PER OCCUPANT SERVED

STAIRWAYS
TABLE 

1005.3.1
N/A

OTHER EGRESS
COMPONENTS

SECTION
1005.3.2

0.2" PER
OCCUPANT OR 

36" MIN.

OCCUPANT LOAD TABLE 1004.5
3,334/300 =

11 OCCUPANTS

ALLOWABLE TRAVEL
DISTANCE

TABLE 1017.2

ACTUAL TRAVEL DISTANCE

LIFE SAFETY SYSTEM REQUIREMENTS

EMERGENCY LIGHTING SECTION 1008.2 NO

EXIT SIGNS SECTION 1013 YES

AUTOMATIC SPRINKLERS
SECTION

903.2
NO

FIRE ALARM SECTION 907 NO

SMOKE DETECTION
SYSTEMS

SECTION
907

NO

PANIC HARDWARE
SECTION
1010.1.10

YES

STRUCTURAL AND SEISMIC DESIGN LOADS -
SEE STRUCTURAL DRAWINGS

CODE ITEM CODE
REFERENCE

SOLIDS/ 
ELECTRICAL 
BUILDING

BUILDING CODE ANALYSIS
2019 CALIFORNIA BUILDING CODE

300'-0"

105'-0"

SOLIDS: 2,662 SF 

TOTAL: 3,334 SF 

BUILDING IS ENTERED FOR OCCASIONAL MONITORING, 
MAINTENANCE, AND REPAIR.

LEGEND:

FIRE EXTINGUISHER - DRY CHEMICAL

FIRE EXTINGUISHER - CARBON DIOXIDECO2

FE

FIRST AID CABINET

PROVIDE PANIC HARDWAREPANIC

DOOR TO EXITEXIT

1' - 0"
18' - 8"

200

SOLIDS ROOM
201

ELECTRICAL ROOM

FE CO2

200 200A

200B

201

201A

DS DS

DS DS

DS

DS
UP

UP

A205

A_______

A205

A_______

A205

B_______

A205

B_______

MAX PATH OF TRAVEL 80' - 0"

FE

PANIC

PANIC

EQUIPMENT 
PLATFORM ABOVE

EQUIPMENT 
PLATFORM 
ABOVE

N
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ABBREVIATIONSSYMBOLS GENERAL NOTES

LINETYPES

NORMALLY CLOSED, NOISE CRITERIA

LEAVING WATER TEMPERATURE

LEAVING AIR TEMPERATURE

INCHES OF WATER GAGE

INDIRECT EVAPORATIVE COOLING

SMOKE DETECTOR

LINEAR DIFFUSER (TYPE 1)

HOT WATER RETURN
HOT WATER SUPPLY

HEATING AND VENTILATING UNIT
HORSEPOWER OR HEAT PUMP

AIR TERMINAL UNIT

REVOLUTIONS PER MINUTE

REFRIGERANT LIQUID

MOTORIZED DAMPER

RATED LINE AMPS

SUPPLY AIRSA

GC GENERAL CONTRACTOR

SPEC

SV

SP

SF
SD

SOLENOID VALVE

SPECIFICATION
STATIC PRESSURE

SUPPLY AIR FAN

ENTERING WATER TEMPERATURE

EXTERNAL STATIC PRESSURE

ENTERING AIR TEMPERATURE

FIRE DAMPER WITH ACCESS DOOR

FORWARD CURVED OR FAN COIL

MC

FPM

FTR

FOV

FOR
FOS

EC

FD

FC
FA

FEET PER MINUTE
FUEL OIL VENT

FUEL OIL RETURN

FINNED TUBE RADIATION

FUEL OIL SUPPLY

MECHANICAL CONTRACTOR

ELECTRICAL CONTRACTOR

FREE AREA
EWT
ET

ES

EL/ELEV

ESP

EF

EAT

EA

ENTHALPY SENSOR

ELEVATION

EXPANSION TANK

EXHAUST AIR

EXHAUST FAN

RLA

RPM

RH
RL

RELATIVE HUMIDITY

PH, ∅

PTAC

PF

PHASE

PROPELLER FAN

PACKAGED TERMINAL AIR CONDITIONING UNIT

RETURN AIR DUCT

SUPPLY AIR DUCT SECTION-UP

-- SIGNALING DATA DEVICE

IDEC

CUBIC FEET OF STANDARD AIR PER MINUTE

DIRECT EXPANSION REFRIGERANT

DIA, ∅

DN

DM

DB

DX

CLG

CWR
CWS

CFM
CH

DOWN

DRY BULB

DAMPER MOTOR
DIAMETER

CHILLED WATER RETURN
CHILLED WATER SUPPLY

CEILING

CABINET UNIT HEATER

BOT

BOR
BOD

BHP

B

BOTTOM

BOTTOM OF REGISTER
BOTTOM OF DUCT

BRAKE HORSEPOWER

BOILER

MAU

NO

NC
NK

MD

NORMALLY OPEN

MAKEUP AIR UNIT

NECK

IN. WG

LWT
LR
LF

LAT
LD1

LINEAR RETURN
LINEAR FEET

AIR CONDITIONING, AIR CONDITIONING UNIT

ANNUAL FUEL UTILIZATION EFFICIENCY

AIR COOLED CONDENSING UNIT
AIR COOLED CONDENSER

AUTOMATIC TEMPERATURE CONTROL

AHU

ATC

APD

AFUE

AFF

ACC

AC

ACCU

AD

AIR PRESSURE DROP

AIR HANDLING UNIT

ABOVE FINISHED FLOOR
ACCESS DOOR

HWR
HWS

HV
HP

ATU

HG HOT GAS

CEILING DIFFUSER (SYSTEM TYPE)

20X10 NECK SIZE, SUPPLY REGISTER (TYPE #)

EXHAUST AIR REGISTER (TYPE #)

300 CFM

CDA
24X24

1000 CFM
20X10 SR-1

ER-1

CUBIC FEET PER MINUTE 
AIRFLOW RATE SETTING (MAX)

LOUVERED FACE SIZE

1000 CUBIC FEET PER MINUTE AIRFLOW RATE

WATER PRESSURE DROP

COOLING CONTROL VALVE
HEATING CONTROL VALVE

VOLTS

QUANTITY DESIGNATION

EQUIPMENT DESIGNATION

SUPPLY AIR REGISTER

SUPPLY AIR REGISTER (TYPE #)

RETURN AIR REGISTER (TYPE #)

WC
WB

W/

SR-1

RR-1

AHU-XXX-1

WATER COLUMN
WET BULB
WITH

WPD

VD

V

VH
VC

VEL

VAV

VELOCITY
VOLUME DAMPER

VARIABLE AIR VOLUME

TEMPERATURE SENSOR
TOTAL STATIC PRESSURE

TEMP

TYP

TSP

TOR
TOU

TOD

TS

TYPICAL

TOP OF REGISTER

TEMPERATURE

TOP OF UNIT

TOP OF DUCT

DDC DIRECT DIGITAL CONTROL

TF TRANSFER FAN

SS STAINLESS STEEL

SHR SENSIBLE HEAT RATIO

TH TOTAL HEAT

CB CIRCUIT BREAKER

FULL LOAD AMPSFLA

1,000 BTU PER HOUR

MCA MINIMUM CIRCUIT AMPACITY

MBH

REFRIGERANT SUCTIONRS

KILOWATT (1,000 WATTS)KW

EUH ELECTRIC UNIT HEATER

LOUVER (TYPE 1)L1

PRV PRESSURE REGULATING VALVE

VVT VARIABLE VOLUME AND VARIABLE TEMPERATURE

MOUNTEDMTD

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
A.
B.
C.
D.
E.
F.

26.

THE SYMBOLS AND ABBREVIATIONS LIST ON THIS SHEET IS A COMPREHENSIVE STANDARD GUIDE INTENDED FOR GENERAL USE ON 
ALL PROJECTS. THEREFORE, NOT ALL THE SYMBOLS AND ABBREVIATIONS CONTAINED IN THIS LIST ARE NECESSARILY USED ON 
THIS PARTICULAR PROJECT AND SHOULD BE USED FOR CLARIFICATION ONLY.

ALL DUCT DIMENSIONS ARE CLEAR DIMENSIONS TO INSIDE OF DUCT. DIMENSIONS TO DUCTS FROM FLOOR OR WALL SHALL BE TO 
THE OUTSIDE OF DUCT/INSULATION. WHERE INTERNAL INSULATION IS REQUIRED THE DUCT SIZE SHALL BE INCREASED TO GIVE 
CLEAR INSIDE DIMENSIONS AS NOTED ON THE DRAWINGS.

EQUIPMENT SIZES AND LOCATIONS ARE APPROXIMATE. ACTUAL DIMENSIONS TO BE DETERMINED BY EQUIPMENT FURNISHED.  
COORDINATE HVAC WORK WTIH THE WORK OF ALL OTHER TRADES.

FINAL OPENING DIMENSIONS, CONCRETE PAD SIZES, AND LOCATIONS MUST BE COORDINATED DURING CONSTRUCTION WITH 
APPROVED EQUIPMENT.

FINAL SIZES OF FLOOR OPENINGS, DUCT PLENUMS, TRANSITIONS AND PIPING CONNECTIONS TO ALL EQUIPMENT SHALL BE 
DETERMINED BY EQUIPMENT FURNISHED.

THE DRAWINGS ARE SCHEMATIC IN NATURE AND SHOW INTENDED GENERAL LOCATION OF HVAC EQUIPMENT AND SYSTEMS.  NOT 
ALL OFFSETS AND REQUIRED FITTINGS FOR ACTUAL FIELD INSTALLATION ARE INTENDED TO BE SHOWN FOR INSTALLATION OF 
SYSTEMS IN THE SPACE AVAILABLE IN CONSIDERATION OF WORK OF OTHER TRADES AND FIELD CONDITIONS.  CONTRACTOR SHALL 
PROVIDE ADDITIONAL OFFSETS IN DUCTWORK AND PIPING AS REQUIRED TO AVOID SUCH INTERFERENCES OR FIELD CONDITIONS 
AT NO ADDITIONAL COST TO THE ORIGINAL CONTRACT AMOUNT.

FIRST FIGURE OF DUCT SIZE INDICATES DIMENSION OF FACE SHOWN OR INDICATED OR WIDTH OF DUCT IN PLAN VIEW.

COORDINATE THE REQUIREMENTS FOR HVAC OPENINGS AND SLEEVES IN BUILDING ELEMENTS WITH THE GC.

CONTRACTOR SHALL REFER TO SPECIFICATION SECTION 099000 FOR PAINTING REQUIREMENTS UNLESS OTHERWISE NOTED.

REFER TO ELECTRICAL DRAWINGS OR SPECIFICATIONS FOR INTERLOCKING WIRING REQUIREMENTS.

CONTRACTOR SHALL COORDINATE DUCTWORK INSTALLATION WITH OTHER TRADES.

PROVIDE ADEQUATE SUPPORT, PER THE MANUFACTURER'S RECOMMENDATIONS, FOR ALL HVAC EQUIPMENT.

CONTRACTOR SHALL BE RESPONSIBLE FOR CHECKING ELECTRICAL RATINGS FROM CERTIFIED DRAWINGS OF EQUIPMENT AND 
SHALL MAKE ANY BRANCH CIRCUIT DISTRIBUTION MODIFICATION REQUIREMENTS WITHOUT ANY ADDITIONAL COST TO OWNER. THE 
CONTRACTOR SHALL SUBMIT A SCHEDULE OF SUCH CHANGES FOR APPROVAL BY ENGINEER.

WHEREVER THE REQUIREMENTS AND REGULATIONS OF STATE, FEDERAL AND LOCAL AUTHORITIES HAVING JURISDICTION DIFFER 
FROM THE DRAWINGS OR SPECIFICATIONS, THEY SHALL TAKE PRECEDENCE AND SHALL BE MADE PART OF THE CONTRACT 
(EXCEPT WHERE THE DRAWINGS OR SPECIFICATIONS ARE MORE STRINGENT).

THE CONTRACTOR SHALL PROVIDE AND INSTALL FIRE AND SMOKE RATED DAMPERS IN HVAC DUCTS WHICH PENETRATE FIRE 
RATED BUILDING ASSEMBLIES AS SHOWN ON ARCHITECTURAL DRAWINGS.

DUCTWORK AND PLENUM TO LOUVERS SHALL BE CONNECTED TO FRAMED OPENINGS AND, SEALED AIRTIGHT AND WEATHER 
RESISTANT.

THERMOSTATS, SENSORS, AND/OR CONTROL PANEL LOCATIONS SHOWN ARE APPROXIMATE AND SHALL BE COORDINATED TO SUIT 
FIELD CONDITIONS.

INSTALL WALL MTD SENSORS, CONTROLS AND THERMOSTATS 5'-0" AFF UNLESS OTHERWISE NOTED.  ALIGN WITH OTHER NEARBY 
ITEMS SUCH AS LIGHT SWITCHES.  DO NOT INSTALL CLOSER THAN 6-INCHES FROM EDGE OF DOOR FRAME OR CORNER OF WALL AS 
SHOWN ON ARCH PLANS.  WHERE CONFLICTS MAY OCCUR WITH ITEMS SUCH AS LIGHT SWITCHES, MOUNT THE SENSOR OR 
CONTROL DEVICE 4'-6" AFF CENTERED ABOVE THE LIGHT SWITCH.

PROVIDE ADEQUATE MEANS OF ACCESS CLEARANCE FOR ALL HVAC/MECHANICAL EQUIPMENT AND SYSTEMS THAT REQUIRE 
ACCESS FOR PROPER OPERATION, MAINTENANCE AND REPAIR PER RECOMMENDED MANUFACTURER CLEARANCES.  PROVIDE 
ACCESS DOORS WHERE NECESSARY IN FINISHED WALLS OR DRYWALL CEILINGS FOR ACCESS TO VALVES, DAMPERS, OR CONTROL 
DEVICES.

COORDINATE THE REQUIREMENTS OF HVAC HANGERS AND SUPPORTS W/ OTHER PRIME CONTRACTORS PROVIDING STRUCTURAL 
AND/OR ARCHITECTURAL BUILDING ELEMENTS WHICH HVAC SUPPORTS SHALL INTERFACE.

HVAC CONTRACTOR SHALL PROVIDE ALL FIRESTOPPING AND PIPE SLEEVES FOR ALL PIPE AND DUCT PENETRATIONS THRU FIRE 
RATED BUILDING ASSEMBLIES.

CONTRACTOR SHALL OBTAIN AND PAY ALL FEES RELATED TO PERMITTING, AND INSPECTIONS.

FOR ADDITIONAL REQUIREMENTS REFER TO SPECIFICATIONS.

WORK SHALL BE EXECUTED IN FULL COMPLIANCE WITH THE APPLICABLE PROVISIONS OF ALL LAWS, BY-LAWS, STATUTES, 
ORDINANCES, CODES, RULES, REGULATIONS, AND LAWFUL ORDERS OF PUBLIC AUTHORITIES BEARING ON THE PERFORMANCE AND 
EXECUTION OF THE WORK.

THE ENTIRE HVAC SYSTEM SHALL BE IN ACCORDANCE WITH THE FOLLOWING CODES:
 2021 INTERNATIONAL MECHANICAL CODE.
2022 MECHANICAL CODE OF CALIFORNIA.
2021 INTERNATIONAL FUEL GAS CODE.
2021 ENERGY CONSERVATION CONSTRUCTION CODE.
2021 INTERNATIONAL FIRE CODE.
LOCAL BUILDING CODES

THE CONTRACTOR SHALL COORDINATE WITH ALL OTHER TRADES TO ENSURE ALL AIR CONDITIONING EQUIPMENT, DUCTWORK, 
PIPING AND RELATED APPERTUNANCES ARE NOT LOCATED ABOVE ELECTRICAL EQUIPMENT.  

GPM GALLONS PER MINUTE

EXHAUST AIR DUCT

CONN CONNECTION

EDH ELECTRIC DUCT HEATER

UH UNIT HEATER

BACKFLOW PREVENTERBFP

OUTSIDE AIR INTAKE
OXYGEN REDUCTION POTENTIAL

OUTSIDE AIROA

P

OAI

ORP
PUMP

PRESSURE DROPPD

PLUMBING CONTRACTORPC

PROP PROPELLER

PPU POSITIVE PRESSURIZATION UNIT

PW

PS
POTABLE WATER

PRESSURE SENSOR

RA RETURN AIR

VFD VARIABLE FREQUENCY DRIVE

ANALOG INPUTAI

AO ANALOG OUTPUT

DI DIGITAL INPUT

DO DIGITAL OUTPUT

EG EXHAUST GRILLE

SG SUPPLY GRILLE

NEW - HVAC

NEW - ALL ADDITIONAL DISCIPLINES

EXISTING - HIDDEN

DIRECTIONAL FLOW ARROW
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FLUE
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VENT

INLINE DUCT HEATERIDH

LOUVER
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M
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GRAVITY DAMPER
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PROCESS ROOM
(PRESSURE= -0.1" WC)

MINIMUM 6 ACH
UNCLASSIFIED

1890 CFM SA

ROLL-UP DOORLOUVER

GBD

LOUVER

1890 CFM SA

ELECTRICAL ROOM
(PRESSURE= 0.0" WC)

EF-1 VDVD VD

2800 CFM EA 2800 CFM EA 2800 CFM EA

LOUVER

8400 CFM EA

1890 CFM SA

LOUVERLOUVER

GRAVITY BACKDRAFT 
DAMPER (TYP.)

1890 CFM SA

MD-1

MVD

MVD

MVD

400 CFM SA

400 CFM SA

400 CFM SA

1600 CFM 
EA

AHU-1 HP-1

MVD

400 CFM SA

FS

STROBE

HORN

VENTILATION 
FAILURE 
PANEL

STROBE

HORN

PPU-1

GBD GBD GBD

GRAVITY BACKDRAFT 
DAMPER

GBD

HVAC CONTROL 
PANEL

CWS
CWR

N
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FAN SCHEDULE

EF-1 175022 DIRECTPROCESS ROOM 230/3/60GREENHECK TDI-3-30-624 8400 0.58 30 207 XXX - 1,2,3,4114033

NOTES:
1. HOA SWITCH. FAN TO RUN CONTINUOUSLY IN AUTO.
2. 316 STAINLESS STEEL HARDWARE

MARK LOCATION AREA SERVED MANUFACTURER
& MODEL No

TYPE MOTOR
MAX BHPHP RPM ELEC DRIVE

CFM SP
(IN WG)

WHEEL
DIA

WEIGHT FAN INTERLOCK SCHEDULE

CONTROL WITH

NOTESFAN RPMSOUND
(SONES) (LB)

DIRECT DRIVE INLINESOLIDS BUILDING

3. VIBRATION ISOLATION HANGERS

LOUVER SCHEDULE

LV-01 PROCESS ROOM RUSKIN ELF6375DXH ALUMINUM

MARK LOCATION AREA SERVED MANUFACTURER
& MODEL No

TYPE MATERIAL

DRAINABLE STATIONARYSOLIDS BUILDING

AIRFLOW
(CFM)

SIZE

WIDTH
(IN)

HEIGHT
(IN)

DEPTH
(IN)

FREE
AREA

(SQFT)

MAX
FACE
VEL.
(FPM)

STATIC
P.D.

("WG)
NOTES

1890 40 30 6 3.5 599 0.05

LV-02 PROCESS ROOM RUSKIN ELF6375DXH ALUMINUMDRAINABLE STATIONARYSOLIDS BUILDING 1890 40 30 6 3.5 599 0.05

LV-03 PROCESS ROOM RUSKIN ELF6375DXH ALUMINUMDRAINABLE STATIONARYSOLIDS BUILDING 1890 40 30 6 3.5 599 0.05

LV-04 PROCESS ROOM RUSKIN ELF6375DXH ALUMINUMDRAINABLE STATIONARYSOLIDS BUILDING 1890 40 30 6 3.5 599 0.05

LV-05 SOLIDS BUILDING PROCESS ROOM RUSKIN ELF6375DXH 24 24 6ALUMINUMDRAINABLE STATIONARY

DESIGN TEMPERATURE CONDITIONS

WINTER: 31.5 F DB

OUTSIDE/AMBIENT SOLIDS BUILDING

WINTER: 41 F DB

SUMMER: 101 F DBSUMMER: 91 F DB/ 65.7 F MCWB

1. OUTSIDE DESIGN TEMPERATURES BASED UPON ASHRAE 2021 
FUNDAMENTALS CHAPTER 14 CLIMATIC DESIGN DATA FOR THE 99 
PERCENTILE HEATING DRY BULB INCIDENCE AND 1 PERCENTILE 
COOLING DRY BULB AND WET BULB INCIDENCES: SONOMA COUNTY, CA

ELECTRICAL ROOM

WINTER: 41 F DB

SUMMER: 101 F DB

 AIR HANDLING UNIT SCHEDULE

NOTES:
1. REFER TO SPECIFICATION 23 81 26 FOR CONSTRUCTION
2. REFER TO SPECIFICATION 23 09 02 FOR SEQUENCE OF OPERATION
3. BLYGOLD OR EQUAL COATED COILS

MARK 
No.

LOCATION AREA SERVED MANUFACTURER MODEL No. COOLING CAPACITY BTU/HR

TOTAL SENSIBLE

SUPPLY FAN DATA

CFM HP

FILTER

ESP NUMBER TYPE

NOTES

RPM/BHP MOPD V/P/HZ

ELECTRIC

MCA

EER/SEER WEIGHT
LB

COOL EAT
DB/WB °F

COOL LAT
DB/WB °F

AHU-1 ELECTRICAL ROOM TRANESOLIDS BUILDING 208-230/1/60 1 THRU 4GAM5B0C48M41 40,178 76.5/60.6 58.9/53.8 3/416001050/ 3/4 0.5" 12/14.5 1 1" - MERV 8 17.0 30.0 16643,216 27,149

HEATING 
CAPACITY 

(BTUH)

4. PROVIDE THERMOSTAT

HEAT PUMP SCHEDULE

NOTES:

MARK 
No.

LOCATION AREA SERVED MANUFACTURER MODEL No. COOLING CAPACITY BTU/HR

TOTAL SENSIBLE

NOTES

V/P/HZ

ELECTRIC

MCA

WEIGHT
LB

COOL EAT
DB/WB °F

COOL LAT
DB/WB °F

HP-1 ELECTRICAL ROOM TRANESOLIDS BUILDING 208-230/1/6048A3000A 40,178 76.5/60.6 58.9/53.8 18.0 21840,178 27,300

HEATING 
CAPACITY 

(BTUH)

NFPA 820 (2020 EDITION) CLASSIFICATION AND VENTILATION

NOTES:

ROOM, 
STRUCTURE, 

OR AREA
NFPA 820 TABLE & ROW FUNCTION EXTENT OF CLASSIFIED 

AREA
INITIAL AREA 

CLASSIFICATION
ROOM VOLUME 

(CU.FT.)
PRESSURIZATIONVENTILATION 

RATE
FINAL AREA 

CLASSIFICATION
O.A. REQ. O.A. SUPPLY EXHAUST

PROCESS ROOM TABLE 6.2.2(a) & ROW 12

DEWATERING 
BUILDINGS 

CONTAINING 
CENTRIFUGES, GRAVITY 
BELT THICKENERS, BELT 
AND VACUUM FILTERS, 
AND FILTER PRESSES

ENTIRE ROOM CLASS 1 DIV 2 C ( MIN 8 ACH) UNCLASSIFIED 74,574 8,4008,400-0.1 " WC
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32"X40" 32"X40" 32"X40" 32"X40"

EF-148"X48" RA

22" x 48" EA
BOD 17' - 4"

SOLIDS ROOM
200

2762 SF

ELECTRICAL
ROOM

201

697 SF

AHU-1 HP-1

400 CFM
10"x8"

(TYP4) SA

1600 CFM
16"x16"

RA

HVAC CONTROL 
PANELPPU-1

2800 CFM
20"x20"
(TYP3)

EA

N
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B. GUSTAFSON

I. HE

E001

ELECTRICAL
SYMBOLS AND LEGENDJ. YAO

FIRE ALARM INDICATOR MOUNTED
ABOVE A FIRE ALARM PULL STATION

RECEPTACLES:
  LEFT: SIMPLEX
  MIDDLE: DUPLEX
  RIGHT: QUADRUPLEX

MULTI-OUTLET RECEPTACLE:
  LEFT: SIMPLEX
  RIGHT: DUPLEX

OTHER RECEPTACLES:
  LEFT: 240 VOLT
  RIGHT: SPECIAL PURPOSE

FIRE ALARM PULL STATION

FIRE ALARM CONTROL PANEL

FIRE ALARM ANNUNCIATOR PANEL

DUCT DETECTOR

FIRE ALARM INDICATOR:
  X DENOTES ALERT TYPE (TYP.):
    A DENOTES AUDIBLE
    V DENOTES VISIBLE (# DENOTES STROBE INTENSITY)

SMOKE DETECTOR:
  X DENOTES TYPE:
    Z DENOTES IONIZATION
    P DENOTES PHOTOELECTRIC
    T DENOTES THERMAL

THERMOSTAT

AMBIENT TEMPERATURE TRANSMITTER

WALL SWITCH:
  X DENOTES TYPE:
    NO SUBSCRIPT DENOTES SINGLE-POLE SWITCH
    3 DENOTES 3-WAY SWITCH
    4 DENOTES 4-WAY SWITCH
    M DENOTES MANUAL MOTOR STARTER
  # DENOTES CIRCUIT NUMBER
  WPCR DENOTES WEATHERPROOF CORROSION RESISTANT

COMBINATION MOTOR STARTER

DISCONNECT SWITCH

LOCAL CONTROL STATION

LIGHTING

RECEPTACLES

HVAC AND FIRE ALARM

SWITCHES

X

#

R

T

S
X

X

#

F
X

#

DD

F

HEAT DETECTORH

X DENOTES RECEPTACLE TYPE (TYP.):
  GFCI DENOTES GROUND FAULT CIRCUIT INTERRUPT
  UPS DENOTES UNINTERRUPTIBLE POWER SUPPLY
  WPCR DENOTES WEATHERPROOF CORROSION RESISTANT
# DENOTES CIRCUIT NUMBER (TYP.)

RECTANGULAR FIXTURE

EMERGENCY WALL-MOUNTED FIXTURE:
  LEFT: STANDARD
  RIGHT: REMOTE-HEAD

POLE-MOUNTED FIXTURE

X
#

X

#

X
#

X #

PHOTOCELL

LEFT: CEILING MOUNTED OCCUPANCY SENSOR
RIGHT: WALL MOUNTED OCCUPANCY SENSOR
  X DENOTES TYPE

X DENOTES FIXTURE TYPE (TYP.)
  SEE SPECIFICATION 26 50 00/16500 FOR FIXTURE SCHEDULE
# DENOTES CIRCUIT NUMBER (TYP.)

XXX
#

OS
X

XXX

#

LEFT: CEILING MOUNTED FIXTURE
RIGHT: WALL MOUNTED FIXTURE

LEFT: CEILING MOUNTED EXIT SIGN
RIGHT: WALL MOUNTED EXIT SIGN
  SHADED PORTION DENOTES SIGN FACE

XXX
#

XXX

#

OS
X

PC

X

#

X
#

X
#

X
#

X
#

X
#

#

X

FLOOR-MOUNTED RECEPTACLES:
  LEFT: SIMPLEX
  MIDDLE: DUPLEX
  RIGHT: QUADRUPLEX

X
#

X
#

X
#

LOCAL CONTROL STATION WITH LOCKABLE COVER

#

WIRING

ELEMENTARY CONTROL SCHEMATICSSINGLE-LINE DIAGRAMS, CONT'D. SINGLE-LINE DIAGRAMS, CONT'D.

MISC PLAN VIEW SYMBOLS

COMMUNICATIONS

HORN/LIGHT DEVICE

PAGER RECEPTACLE

TELEPHONE OR NETWORK DROP

DUCTBANK SECTION CUT IDENTIFIER:
  DBXX DENOTES DUCTBANK ID
  EXX DENOTES DRAWING NUMBER WHERE

SECTION CUT IS LOCATED

EQUIPMENT CONNECTION

CONDUIT EXPOSED

CONCRETE ENCASED CONDUIT

CONDUIT CONCEALED

FLEXIBLE CONDUIT

CONCRETE ENCASED DUCTBANK

3-POSITION SELECTOR SWITCH:
  HOA DENOTES HAND/OFF/AUTO
  LOR DENOTES LOCAL/OFF/REMOTE
  FOR DENOTES FORWARD/OFF/REVERSE

PUSHBUTTON SWITCHES:
  LEFT: N.O.
  RIGHT: N.C.
  TEXT DENOTES LEGEND PLATE

EMERGENCY STOP MUSHROOM HEAD PUSHBUTTON SWITCH (N.C.):
  TEXT DENOTES LEGEND PLATE

PUSHBUTTON SWITCH N.C. WITH LOCK-OUT:
  TEXT DENOTES LEGEND PLATE

INDICATOR LIGHT:
  LEFT: STANDARD/RIGHT: PUSH-TO-TEST
  X DENOTES COLOR

RUN TIME METER

MECHANICAL INTERLOCK CONNECTION

TRANSFORMER

PROTECTIVE RELAY:
  NUMBER DENOTES IEEE DEVICE FUNCTION

MOTOR AND TYPICAL ADDITIONAL DEVICES:
  TSH: TEMPERATURE SWITCH
  MSH: MOTOR SPACE HEATER
  CF: COOLING FAN
  TE: TEMPERATURE ELEMENT
  ME: MOISTURE DETECTOR

FUSE

LOW VOLTAGE POWER CIRCUIT BREAKER:
  LEFT: FIXED-MOUNT
  RIGHT: DRAWOUT
  E.O. DENOTES ELECTRICALLY OPERATED
  LSIG DENOTES INSTALLED TRIP FUNCTIONS:
    L DENOTES LONG-TIME
    S DENOTES SHORT-TIME
    I DENOTES INSTANTANEOUS
    G DENOTES GROUND FAULT
    Z DENOTES ZONE-SELECTIVE INTERLOCKING
  CTR DENOTES BREAKER-SPECIFIC CT AND RATIOS

MEDIUM VOLTAGE DRAWOUT POWER CIRCUIT BREAKER:
  E.O. DENOTES ELECTRICALLY OPERATED
  BATT. DENOTES BATTERY BACKUP POWER

GROUND

CT:
  NUMBERS DENOTE CT WINDING RATIO AND CT QUANTITY

DRAW-OUT ELEMENT

GENERATOR

LEFT: FVNR STARTER:
  X DENOTES NEMA SIZE
  DP DENOTES DEFINITE PURPOSE CONTACTOR
RIGHT: FVR STARTER

LEFT: RESISTOR
RIGHT: LINE REACTOR
  #% DENOTES IMPEDANCE

CAPACITOR

SHUNT TRIP

SURGE PROTECTIVE DEVICE

SURGE ARRESTOR

KIRK-KEY INTERLOCK

LEFT: VFD
MIDDLE: VFD WITH HARMONIC FILTER
RIGHT: VFD WITH RVSS BYPASS

PA UNITPA

E

EXX
DBXX

CONDUIT TAGS:
  P DENOTES POWER
  C DENOTES CONTROL
  I DENOTES INSTRUMENTATION
  XXXX DENOTES CONDUIT ID
  XXX-XXX DENOTES CONDUIT ID

INSTRUMENT TAG:
  X DENOTES INSTRUMENT TYPE
  # DENOTES INSTRUMENT NUMBER
SEE DRAWING I1 FOR INSTRUMENT ABBREVIATIONS

#
X

DUCTBANK TAG:
  X DENOTES DUCTBANK ID

SOLENOID VALVE

CONTROL POWER TRANSFORMER

MOTOR SPACE HEATER

SELECTOR SWITCH:
  LEFT: STANDARD
  RIGHT: SPRING-RETURN
  TEXT DENOTES LEGEND PLATE

PT:
  NUMBERS DENOTE PT WINDING VOLTAGES AND PT QUANTITY

480:120

(3)

500kW
480V,3Ø,4W

50:5
(1)

K

GFCT:
  NUMBERS DENOTE GFCT WINDING RATIO AND GFCT QUANTITY

MOTOR CIRCUIT PROTECTOR

RVAT STARTER:
  X DENOTES NEMA SIZE
  #% DENOTES TAP SETTING

GROUND RODS:
  LEFT: BURIED
  RIGHT: IN TESTWELL

LEFT: CONDUIT RISE (TURN UP)
RIGHT: CONDUIT DROP (TURN DOWN)

MCCB-STYLE ATS OR MTS

DRAWOUT CB-STYLE ATS OR MTS

CONTACTOR-STYLE ATS OR MTS
WITH OFF POSITION

CONTACTOR-STYLE ATS OR MTS

CONTACTOR-STYLE ATS OR MTS,
SERVICE-ENTRANCE RATED

LEFT: PANELBOARD
RIGHT: COMBINATION POWER UNIT
  X DENOTES PANEL ID

MOTOR PROTECTION RELAY

NORC NOFC NCRO NCFO

TEMPERATURE
SWITCHES/

THERMOSTATS

PRESSURE
SWITCHES

LEVEL
SWITCHES

FLOW
SWITCHES

NOTC NOTONCTO NCTC

TIME DELAY
CONTACTS

NO NC

DISCONNECT
SWITCHES

NOTATION LEGEND:
  NO/NC: NORMALLY OPEN/CLOSED
  RO/RC: RISE-TO-OPEN/CLOSE
  FO/FC: FALL-TO-OPEN/CLOSE
  TO/TC: TIME-OPEN/CLOSE

  CONTACTS:
    TEXT DENOTES COIL ID

  SWITCHES:
    TEXT DENOTES TAG NUMBER

X

LIMIT
SWITCHES

TORQUE
SWITCH

CONTACTS

SOLID-STATE OVERLOAD RELAY
TSH MSH CF

TE ME

XX
X-

YY
YY

Y INSTRUMENT TAG:
  X DENOTES INSTRUMENT TYPE
  Y DENOTES INSTRUMENT NUMBER
SEE DRAWING I1 FOR INSTRUMENT ABBREVIATIONS

SINGLE-LINE DIAGRAMS

CABLE TRAY TAG:
  X DENOTES CABLE TRAY ID
  Y DENOTES SCHEDULE REFERENCE

X
Y

AF
AT

100
100

HP RPM

DISCONNECT SWITCH

100A
3P

100A

FUSED DISCONNECT SWITCH

FUSED DISCONNECT SWITCH

MCP

#%

100A

52

1200A
N.C.
E.O.
BATT.

X
DB
X

TRAY
X

Y

MCP

X X

X

#%

MCP

X M

F R

MCP

X

SPD

XXXkA

LOW VOLTAGE MOLDED CASE CIRCUIT BREAKER
  LEFT:  THERMAL-MAGNETIC TRIP UNIT
  RIGHT:  ELECTRONIC TRIP UNIT

X

NS

LS LS

TS TS

PS PSPS PS

LS LSLS LS

FS FSFS FS

TD TD TD TD

X
PTT

X

ETM

SV

MPR

MSH

480VAC

120VAC

XFMR
kVA
480-120/208V

3P/4W
DRY TRANS

30A
3P

30A
3P

30A
3P

30A
3P

800AF
800AP
800AT
LSIGZ
CTR

N.C.

800AF
800AP
800AT
LSIGZ
CTR

N.C.

ETU

800AF
800AP
800AT
LSIG

600:5
(3)

X X

ST

AF
AT

100
100

L

S1 S2
ATS
480V, 800A
3Ø 4W 4P
65kA
OPEN TRANSITION

L

S1 S2
ATS
480V, 800A
3Ø 4W 4P
65kA
OPEN TRANSITION

L

S1 S2

ATS
480V, 800A
3Ø 4W 4P
65kA
OPEN TRANSITION

S1 S2

L

ATS
480V, 800AF/800AT
3Ø 4W 4P
65kA
OPEN TRANSITION

S1 S2

L

ATS
480V, 800AF/800AT
3Ø 4W 4P
65kA
OPEN TRANSITION

START STOP

E-STOP

STOP - L.O.

ON OFF

H AO

XOO

OOX

P-XXXX

P-XXX-XXX

ON OFF

COIL:
  LEFT:  POWER-TRIGGERED
  RIGHT:  SIGNAL-TRIGGERED
  X DENOTES TYPE:
    M DENOTES MOTOR STARTER
    CR DENOTES CONTROL RELAY
    TD DENOTES TIME DELAY RELAY
        TR DENOTES TIMER RANGE
        TS DENOTES TIMER SETPOINT
    PR DENOTES INTERPOSING PILOT RELAY
    LC DENOTES LIGHTING CONTACTOR
  Y DENOTES FUNCTION TAG OR LINE REFERENCE

EQUIPMENT/DEVICE LOCATION SYMBOLS

LOCATED AT PANEL:
  X DENOTES PANEL ID:
    L DENOTES LOCAL CONTROL STATION

LOCATED IN FIELD

LOCATED IN STAND-ALONE MOTOR STARTER/CONTROLLER

LOCATED IN MCC

X

XX
YYY

TR TS

THERMAL OVERLOAD RELAY
OL

SSOL

LEFT: RVSS
RIGHT: RVSS WITH FVNR BYPASS
  X DENOTES NEMA SIZE

MCP

6P
VFD RVSS

ETU

18P
VFD

400AF
400AP
400AT
LSI

AF
AT

FILTER

6P
VFD

100
100

MCP

RVSS

1

MCP

RVSS

MEDIUM VOLTAGE VACUUM CONTACTOR
  LEFT: FIXED
  RIGHT: DRAWOUT

400A400A

FLOOR-MOUNTED TELEPHONE OR NETWORK DROP

DIRECT BURIED CONDUIT

ON DELAY OFF DELAY

XX
YYY

TR TS

PL
O

T 
D

AT
E:
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B. GUSTAFSON

I. HE

E002

ELECTRICAL
GENERAL NOTES AND ABBREVIATIONSJ. YAO

ABBREVIATIONS ABBREVIATIONS, CONT.
AE ANALYSIS ELEMENT

AHU AIR HANDLING UNIT

AIC AMPERE INTERRUPTING CAPACITY

AIT ANALYSIS INDICATING TRANSMITTER

ANSI AMERICAN NATIONAL STANDARDS INSTITUTE

ASCE AMERICAN SOCIETY OF CIVIL ENGINEERS

ASME AMERICAN SOCIETY OF MECHANICAL ENGINEERS

AF AMPERE FRAME

AT AMPERE TRIP

ATS AUTOMATIC TRANSFER SWITCH

BC BYPASS CONTACTOR

BKR BREAKER

(L/V)CP (LOCAL/VENDOR) CONTROL PANEL

CPT CONTROL POWER TRANSFORMER

CT CURRENT TRANSFORMER

DB DUCTBANK

DSW DISCONNECT SWITCH

(*)HH HAND HOLE*

(*)MH MANHOLE*

EO ELECTRICALLY OPERATED

ETM ELAPSED TIME METER

ETU ELECTRONIC TRIP UNIT

FAAP FIRE ALARM ANNUNCIATOR PANEL

FACP FIRE ALARM CONTROL PANEL

FS FLOW SWITCH

FSL FLOW SWITCH LOW

FVNR FULL VOLTAGE NON-REVERSING

FVR FULL VOLTAGE REVERSING

GFCI GROUND FAULT CIRCUIT INTERRUPTER

GFCT GROUND FAULT CURRENT TRANSFORMER

GNG GO-NO GO

GND GROUND

HOA HAND-OFF-AUTO

HPU HYDRAULIC POWER UNIT

IC INPUT CONTACTOR

IEEE INSTITUTE OF ELECTRICAL AND ELECTRONICS

ENGINEERS

ISO INTERNATIONAL ORGANIZATION FOR

STANDARDIZATION

(*)JB JUNCTION BOX*

LCS LOCAL CONTROL STATION

LP LIGHTING PANEL

LS LEVEL SWITCH

LSL LEVEL SWITCH LOW

LSLL LEVEL SWITCH LOW-LOW

LSH LEVEL SWITCH HIGH

LSHH LEVEL SWITCH HIGH-HIGH

LT LEVEL TRANSMITTER

MFR MULTI-FUNCTION RELAY

MH MANHOLE

MOD MOTOR OPERATED DAMPER

MOG MOTOR OPERATED GATE

MOL MOTOR OPERATED LOUVER

MOV MOTOR OPERATED VALVE

MPR MOTOR PROTECTION RELAY

MTD MOUNTED

MTS MANUAL TRANSFER SWITCH

MWTS MOTOR WINDING TEMPERATURE SWITCH

NC NORMALLY CLOSED

NEC NATIONAL ELECTRICAL CODE

NEMA NATIONAL ELECTRICAL MANUFACTURERS ASSN

NFPA NATIONAL FIRE PROTECTION ASSOCIATION

NO NORMALLY OPEN

NTS NOT TO SCALE

OC OUTPUT CONTACTOR

OL OVERLOAD

(*)PB PULLBOX*

PC PHOTOCELL

PCC POINT OF COMMON COUPLING

PE PRESSURE ELEMENT

PIT PRESSURE INDICATING TRANSMITTER

PLC PROGRAMMABLE LOGIC CONTROLLER

PP POWER PANEL

PST PHASE SHIFTING TRANSFORMER

PT POTENTIAL TRANSFORMER

PTT PUSH TO TEST

RCS REMOTE CONTROL STATION

RECP RECEPTACLE

RIO REMOTE I/O

RM ROOM

RTD RESISTANCE THERMAL DEVICE

RTU REMOTE TELEMETRY UNIT

RVAT REDUCED VOLTAGE AUTO TRANSFORMER

RVSS REDUCED VOLTAGE SOLID STATE

SA SUPPLY AIR

S.E. SERVICE ENTRANCE

SP. C. SPARE CONDUIT

SPD SURGE PROTECTIVE DEVICE

SSOL SOLID STATE OVERLOAD

SST STAINLESS STEEL

TB TEST BLOCK

TC TIMED CLOSE

TO TIMED OPEN

TSH TWISTED SHIELDED

TX TRANSFORMER

TYP TYPICAL

UPS UNINTERRUPTIBLE POWER SUPPLY

VFD VARIABLE FREQUENCY DRIVE

WPCR WEATHER PROOF CORROSION RESISTANT

WT WALK THROUGH

XFMR TRANSFORMER

*DESIGNATED ABBREVIATIONS CAN HAVE THE FOLLOWING PREFIXES:

E ELECTRIC

P POWER

C CONTROL

I INSTRUMENTATION

F FIBER

NOTES:
1. UNLESS SPECIFICALLY NOTED OTHERWISE, ALL

UNDERGROUND CONCRETE ENCASED ELECTRICAL
CONDUITS SHALL BE PER STANDARD DETAIL
1611801/E-33-0101.

2. BOND ALL NEW CONCRETE ENCASED GROUND
CONDUCTORS TO EXISTING GROUND CONDUCTORS IN
ALL MANHOLES, PULL BOXES, CABLE TRAYS, AND
SIMILAR LOCATIONS WHERE APPLICABLE.

3. UNLESS OTHERWISE SPECIFIED OR NOTED, ALL WALL
MOUNTED ELECTRICAL PANELS, ENCLOSURES, AND
SIMILAR EQUIPMENT SHALL BE MOUNTED 6'-6" (MAX)
FROM THE TOP OF THE PANEL TO FINISHED FLOOR OR
GRADE.

4. UNLESS OTHERWISE NOTED, ALL LIGHTING SWITCHES,
CONTROL SWITCHES, AND SIMILAR EQUIPMENT SHALL
BE MOUNTED WITH THEIR CENTERLINE
APPROXIMATELY 4'-0" ABOVE FINISHED FLOOR, SLAB,
OR GRADE.

5. A SEPARATE EQUIPMENT GROUNDING CONDUCTOR
SHALL BE PROVIDED FOR EACH CIRCUIT (SEPARATE
CONDUCTOR IN THE CONDUIT). THE CONDUCTOR
SHALL BE TERMINATED AT THE PROPER DEVICE,
TERMINAL, OR LUG AT THE POWER SOURCE (MCC
GROUND BUS, PANELBOARD GROUND BUS, ETC.).
GROUND CONDUCTOR SIZE SHALL BE PER THE LATEST
EDITION OF THE NEC.

6. ELECTRICAL SYSTEMS INSTALLED IN HAZARDOUS
LOCATIONS SHALL BE CONSTRUCTED IN ACCORDANCE
WITH CHAPTER 5, ART. 500 OF THE LATEST EDITION OF
THE NEC. CONTRACTOR SHALL SEAL ALL CONDUITS
LEAVING HAZARDOUS AREAS. WALL AND FLOOR
OPENINGS SHALL BE SEALED WITH FIREPROOF
COMPOUND.

7. ALL EQUIPMENT LOCATED IN HAZARDOUS AREAS
SHALL BE SUITABLE FOR THE CLASS, DIVISION, AND
GROUP RATING OF THE LOCATION.

8. UNLESS SPECIFICALLY NOTED OTHERWISE, EXISTING
PAVEMENT SHALL BE SAW CUT AND REMOVED TO
ALLOW FOR THE INSTALLATION OF NEW ELECTRICAL
DUCTBANKS. AFTER INSTALLATION, REPLACE
PAVEMENT WITH NEW TO MATCH ORIGINAL
CONDITIONS.

9. FIRE ALARM SYSTEMS SHALL BE PROVIDED FOR THE
STRUCTURES INDICATED ON THE DRAWINGS AND IN
ACCORDANCE WITH SECTION 28 46 20.

10. REFERENCE SECTION 01 14 00 FOR CONSTRUCTION
SEQUENCING REQUIREMENTS.

11. CONDUIT HOMERUNS ARE NOT SHOWN ON THE
DRAWINGS. CONTRACTOR SHALL REFER TO CONDUIT
AND WIRE SCHEDULES, RISER DIAGRAMS, SINGLE LINE
DIAGRAMS, AND OTHER DRAWINGS FOR CONDUIT AND
WIRE REQUIREMENTS.
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AWT FILTERS

AWT
CLARIFIER #2

SECONDARY CLARIFIER A

UV DISINFECTION SYSTEM
#3 WATER PS

AWT
CLARIFIER #3

AWT
CLARIFIER #1

RECYCLED WATER
CLEARWELL

BLOWER BUILDING

CHLORINATION BUILDING

FLOC TANKS

FLOC TANKS

HEADWORKS

COMPRESSOR
BUILDING

GENERATOR
BUILDING

LAB

BIODRYER

SOLIDS HANDLING
BUILDING

SST NO. 1

SST NO. 2

BIOFILTER

ODOR CONTROL
(BY OTHERS)

SLUDGE POND 4

S

FM

FM FM FM FMFMFMFMFM

FMFM

FM

FM

FM

FM
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ELECTRICAL SITE PLAN
3/16" = 1'-0"

(N) MAIN SWITCHGEAR

(E) UV DISINFECTION PLC

NOTES:
1. CONTRACTOR TO STUB OUT (9) 4" AND (1) 2" CONDUITS

FROM DUCT BANK TO RUN UNDERNEATH BRIDGE.

2. CONTRACTOR TO DIVERT 2" CONDUIT WITH (6) STRAND
FIBER OPTIC CABLE TOWARDS UV DISINFECTION PLC.

3. MAIN SWITCHGEAR SHALL BE REPLACED BY OTHERS,
SHALL INCLUDE 2000A FEEDER BREAKER AS REQUIRED
FOR THIS PROJECT.

DB
X

DB
X

SEE NOTE 2

SEE NOTE 1

SEE NOTE 3

MH-XX-XXXX

MH-XX-XXXX

DB
X

DB
X

DB
X

ELECTRICAL ROOM

(N) BIOSOLIDS MCC-XXXX

BIOFILTER CONTROL PANEL

BIODRYER NO. 9 ELECTRICAL PANEL (FUTURE)

BIODRYER NO. 10 ELECTRICAL PANEL (FUTURE)

BIODRYER NO. 1 - 4 ELECTRICAL PANEL

BIODRYER NO. 5 - 8 ELECTRICAL PANEL



NOTES:
1. CONTRACTOR TO INSTALL 750KCMIL 8C/PHASE CABLE

VIA DUCT BANK FROM EXISTING SPARE 2000A BREAKER
INSIDE (N) MAIN SWITCHGEAR, INSTALLED AND
SUPPLIED BY OTHERS. REFER TO DRAWING E010 NOTE
3 FOR MORE INFORMATION.

FROM (N) MAIN
SWITCHGEAR

POWER
MONITOR

2000:5
(3)

SPD

300KA

480:120

(3)

2000AF
2000AP
2000AT
LSIG

N.C.

2000A, 480V, 3Ø, 3W, 65KA

SEE BELOW LEFT
FOR CONTINUATION

SEE DRAWING
E036 FOR
CONTINUATION

2A

1A

SEE NOTE 1

2C

SEE ABOVE
RIGHT FOR

CONTINUATION

BIOSOLIDS MCC-XXXX SINGLE LINE DIAGRAM
N.T.S.

BIOFILTER
CONTROL

PANEL

AF
AT

225
200

2E

P-XXXX

SPACE

2H

BIODRYER NO. 3
ELECTRICAL

PANEL
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ELECTRICAL

PANEL
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BIODRYER NO. 6
ELECTRICAL
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125
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AT
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125
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AT
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125
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AT
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125
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VCP-8201
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AT
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A

B

C

D

E

F

G

H

J

K

L

M

POWER
MONITOR

SPD

1A

7G

8A

SEE BELOW
RIGHT FOR
CONTINUATION

SEE DRAWING
E035 FOR

CONTINUATION

2E

4A

4C

3A
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3G
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8G

9A

9C

9E
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5A

5F
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7D

SPARE
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4E
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SPACE
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SECTION 1 SECTION 9SECTION 8SECTION 7SECTION 6SECTION 5SECTION 4SECTION 3SECTION 2
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J
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SEE ABOVE
RIGHT FOR

CONTINUATION
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MAIN
TX-SB-1

LP-SB-1

PLC-R80

CENTRIFUGE POWER PANEL NO. 1
PP-8301

CENTRIFUGE POWER PANEL NO. 2
PP-8302

EF-1

DEWATERING
CENTRIFUGE
MAIN DRIVE

DEWATERING
CENTRIFUGE
MAIN DRIVE

DEWATERING
CENTRIFUGE
SCROLL DRIVE

DEWATERING
CENTRIFUGE
SCROLL DRIVE

DEWATERING
CENTRIFUGE NO.2 
LCP-8302

DEWATERING
CENTRIFUGE NO.1 
LCP-8301

RDT 1 MAIN DRIVERDT 2 MAIN DRIVE

CENTRIFUGE
FEED PUMP
MOTOR

RDT NO. 1 
LCP-8121

SEE DRAWING 
E010 FOR 
CONTINUATION. 
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A. TARTAGLIONE

T. ROSE

I-001

INSTRUMENTATION
SYMBOLS AND LEGENDA. MLAKAR

AXX
12345

X

..

n

P

R

n

:

PID

**

(ZZZ)

H - HYDRAULIC

D - DIGITAL

CONVERT

B - BINARY

E - VOLTAGE
I - CURRENT
P - PNEUMATIC
A - ANALOG

O - ELECTROMAGNETIC, SONIC
R - RESISTANCE (ELECT.)

INSTRUMENT AND FUNCTION SYMBOLS

RATIO

SUBTRACTOR

DIVIDING

MULTIPLYING

INTEGRAL

EXTRACTION

PROPORTIONAL

DERIVATIVE

ROOT

COMPUTE

ANALYTICAL ABBREVIATIONSAVERAGING

DIFFERENCE

HIGH SELECTING

LOW SELECTING LINE SYMBOLS AND LEGEND

AIR SUPPLY OR SIGNAL

PRIMARY
CHOICE OR

BASIC
PROCESS
CONTROL
SYSTEM

ALTERNATE
CHOICE OR

SAFETY
INSTRUMENTED

SYSTEM

COMPUTER
SYSTEMS AND

SOFTWARE

DISCRETE

DATA LINK OR INTERNAL
SOFTWARE LINK

PROCESS/SIGNALS NOT
CONNECTED (CROSSING)

PROCESS/SIGNALS
CONNECTED

MAJOR PROCESS PIPES OR
CHANNELS

SECONDARY PROCESS OR
MECHANICAL CONNECTION

PID

1. SYMBOLS AND NOMENCLATURE ARE BASED ON
ANSI/ISA-5.1-2009.

2. REFER TO LEGEND SHEETS OF OTHER DISCIPLINES FOR
ADDITIONAL SYMBOLS AND ABBREVIATIONS.

3. REFER TO SPECIFICATIONS FOR ADDITIONAL DETAIL ON
CONTROL SYSTEM FUNCTIONAL REQUIREMENTS.

4. INSTRUMENTS AND PANELS DENOTED WITH AN ASTERISK (*)
ARE PROVIDED BY OTHER DISCIPLINES.  REFER TO THE
DRAWINGS AND SPECIFICATIONS OF OTHER DISCIPLINES
FOR ADDITIONAL DETAIL.

5. POWER SUPPLIES FOR LOOPS OR SYSTEMS SHALL BE
FURNISHED BY THE INSTRUMENTATION SUPPLIER TO MEET
THE PARTICULAR CHARACTERISTICS (E.G., VOLTAGE AND
CURRENT REQUIREMENTS) OF COMPONENTS IN EACH LOOP
OR SYSTEM.

IDENTIFICATION LETTERS

ROTARY LOBE PUMP OR BLOWER
(POSITIVE DISPLACEMENT)

OC - OPEN/CLOSE
OCA - OPEN/CLOSE/AUTO
OSC - OPEN/STOP/CLOSED
POT - POTENTIOMETER
RL  - RAISE/LOWER
RS - RUN/STOP
RSL - RAISE/STOP/LOWER
SD - SHUTDOWN
SEL - SELECT
SP - SET POINT
SR - START/RESET
SS - STOP/START

AHC - AUTO/HOLD/CLOSE
AM - AUTO/MANUAL
CALC - CALCULATION
DEV - DEVIATION
FO - FORWARD/OFF
FOR - FORWARD/OFF/REVERSE
MOA - MANUAL/OFF/AUTO
HOR - HAND/OFF/REMOTE
LOS - LOCKOUT STOP
LR  - LOCAL/REMOTE
LSR - LOCAL/STOP/REMOTE
00 - ON / OFF

DESIGNATIONS OF CONTROL FUNCTIONS (ZZZ) ASSOCIATED WITH
INSTRUMENT OR OTHER COMPONENTS.

SINGLE INSTRUMENT OR OTHER COMPONENT HAVING MULTIPLE
FUNCTIONS OR SHARING A COMMON HOUSING

INSTRUMENT WITH COMPUTING OR
CONVERTING FUNCTION

(ZZZ) = ALK  - ALKALINITY

- LOCATED IN FIELD
- NOT PANEL, CABINET, OR CONSOLE MOUNTED
- VISIBLE AT FIELD LOCATION
- NORMALLY OPERATOR ACCESSIBLE

INLINE GRINDER

FLEXIBLE HOSE

CH4 - METHANE
CL2 - CHLORINE
COMB - COMBUSTIBLE GAS
CON - CONDUCTIVITY
DO - DISSOLVED OXYGEN
IR - INFRARED
H2S - HYDROGEN SULFIDE
LEL - LOWER EXPLOSIVE LIMIT
METH - METHANOL VAPOR
NH3 - AMMONIA
NO3 - NITRATE
O2 - OXYGEN
O3 - OZONE
ORP - OXIDATION/REDUCTION

POTENTIAL
PETRO - PETROLEUM VAPOR

PH - HYDROGEN ION
CONCENTRATION

PO4 - PHOSPHATE
SO2 - SULFUR DIOXIDE
TH - TOTAL HARDNESS
TSS - TOTAL SUSPENDED

    SOLIDS
TURB- TURBIDITY
UV - ULTRAVIOLET

X
SUFFIX (X) TO DIFFERENTIATE BETWEEN INSTRUMENTS AND FUNCTIONS
THAT WOULD OTHERWISE HAVE THE SAME IDENTIFICATION.

FIBER OPTIC CABLE ANALOG ELECTRICAL SIGNALS

DISCRETE ELECTRICAL SIGNALS

ANALOG DIGITAL SIGNALS

DISCRETE DIGITAL SIGNALS

VALVE, GATE, AND ACTUATOR SYMBOLS PUMP AND EQUIPMENT SYMBOLS

CENTRIFUGAL PUMP

BLOWER (CENTRIFUGAL)

PROGRESSIVE CAVITY PUMP

CHOPPER PUMP PISTON PUMP DIAPHRAGM PUMP

METERING PUMP COMPRESSOR

MIXER

V D

MISCELLANEOUS SYMBOLS

MOTOR

FILTERDRAIN
VENT

AIR FILTER

STATIC MIXER

INJECTOR

HORN/STROBE

HORN

BLIND FLANGE

ELECTRICAL SIGNAL/
COPPER CABLE

GENERAL NOTES

PLUG VALVE

GLOBE VALVE

BALL VALVE

3-WAY BALL VALVE

3-WAY VALVE

PINCH VALVE

BUTTERFLY VALVE

CHECK VALVE

DIAPHRAGM VALVE

NEEDLE VALVE

VACUUM RELIEF VALVE

BACKFLOW PREVENTER

SLUICE GATE

STOP/SLIDE GATE

AIR RELEASE VALVE
V

M ROTARY MOTOR

SOLENOID ACTUATOR

PNEUMATIC ACTUATOR

S

P MANUAL ACTUATOR

OR LOGIC

AND LOGIC

OR

AND

*

ABCD
1234

*

*

LOCATION AND ACCESSIBILITY

- LOCATED IN OR ON FRONT OF CENTRAL OR MAIN PANEL
  OR CONSOLE
- VISIBLE ON FRONT OF PANEL OR ON VIDEO  DISPLAY
- NORMALLY OPERATOR ACCESSIBLE AT PANEL FRONT
  OR CONSOLE

- LOCATED IN REAR OF CENTRAL OR MAIN PANEL
- LOCATED IN CABINET BEHIND PANEL
- NOT VISIBLE ON FRONT OF PANEL OR ON VIDEO DISPLAY
- NOT NORMALLY OPERATOR ACCESSIBLE AT  PANEL
  OR CONSOLE

- LOCATED IN OR ON FRONT OF SECONDARY
  OR LOCAL PANEL OR CONSOLE
- VISIBLE ON FRONT OF PANEL OR ON VIDEO DISPLAY
- NORMALLY OPERATOR ACCESSIBLE AT PANEL
  FRONT OR CONSOLE

- LOCATED IN REAR OF SECONDARY OR LOCAL PANEL
- LOCATED IN FIELD CABINET
- NOT NORMALLY OPERATOR ACCESSIBLE AT
  PANEL OR CONSOLE

SUMMING

SUCCEEDING LETTERS

USER'S CHOICE

CONTROL

USER'S CHOICE

CLOSE

DEVIATION
DIFFERENTIAL

ANALYSISA

B

C

D

FIRST LETTERS

USER'S CHOICE

CONTROL STATION

USER'S CHOICE

HIGH

LOW

USER'S CHOICE

SWITCH

MULTIFUNCTION

UNCLASSIFIED

TRANSMIT

UNCLASSIFIED

OPEN

RATIO

MOMENTARY

SCAN

FLOW, FLOW RATE

VOLTAGE (EMF)

USER'S CHOICE

CURRENT

E

F

G

H

I

LEVEL

TORQUE

K

L

M

N

J POWER

SAFETY

WELL PROBE

QUANTITY

RADIATION

P

Q

R

S

MULTIVARIABLE

VIBRATION,

TEMPERATURE

U

V

T

X

Y

W

O USER'S CHOICE

SENSOR, PRIMARY

LIGHT

RECORD

MULTIFUNCTION

ACCESSORY DEVICES,

Z

DENSITY
(MASS) OR
SPECIFIC
GRAVITY

HAND

READOUT/
PASSIVE
FUNCTION

ALARM

MEASURED OR
INITIATING
VARIABLE

CONDUCTIVITY

BURNER,
COMBUSTION

INDICATE

ORIFICE,
RESTRICTION

POINT (TEST
CONNECTION)

INTEGRATE,
TOTALIZE

DRIVER, ACTUATOR,
UNCLASSIFIED FINAL
CONTROL ELEMENT

VALVE, DAMPER,
LOUVER

MIDDLE,
INTERMEDIATE

MOISTURE OR
HUMIDITY

TIME, SCHEDULE

POSITION,
DIMENSION

EVENT, STATE,
PRESENCE

SPEED,
FREQUENCY

PRESSURE

TIME RATE OF
CHANGE

AUXILIARY
DEVICES

WEIGHT, FORCE

UNCLASSIFIED

DIFFERENCE,

GLASS, GAUGE,
VIEWING DEVICE

Z-AXIS, SAFETY
INSTRUMENTED
SYSTEM

ELEMENT

USER'S CHOICE

INTEGRATE,
TOTALIZE

RUN

STOP

ANALYSIS
MECHANICAL

X-AXIS
UNCLASSIFIED

Y-AXIS

ABCD
12345

ABCD
12345

ABCD
12345

GATE VALVE

VARIABLE
MODIFIER

OUTPUT/ ACTIVE
FUNCTION FUNCTION

MODIFIER

XXXX-YYYYY

#

CONTROL SYSTEM COMPUTING FUNCTION

*

REFER TO NOTE ON SAME SHEET
FOR BRIEF DESCRIPTION

SHARED DISPLAY/SHARED
CONTROL

ABCD
12345

ABCD
12345

EQUIPMENT
OR PANEL TAG

PRESSURE RELIEF VALVE

ANALYSIS
INSTRUMENT

(ZZZ)

ABCD
1234

XX XX:

M

WEIR

FICV ROTAMETER WITH
INTEGRAL VALVE

PRIMARY ELEMENT SYMBOLS

TURBINE OR
PROPELLER
FLOW METER

VENTURI FLOW
METER

MAGNETIC FLOW
METER

SONIC FLOW
METER

ORIFICE PLATE

VORTEX
FLOW METER

POSITIVE
DISPLACEMENT
FLOW METER

PARSHALL FLUME

THERMAL MASS
FLOW METER

ULTRASONIC LEVEL
SENSOR

SUBMERSIBLE
LEVEL SENSOR

NON-CONTACT
RADAR LEVEL SENSOR

GUIDED WAVE
RADAR LEVEL SENSOR

CAPACITANCE
LEVEL
SENSOR

FLOAT LEVEL
SWITCH

DIAPHRAGM SEAL

FULL LINE OR
TAPPED RING SEAL

COMBINATION VACUUM
AND PRESSURE RELIEF
VALVE

PRESSURE-REDUCING
REGULATOR

BACKPRESSURE
REGULATOR

CENTRIFUGAL WET PIT PUMP (OR
DRY-PIT SUBMERSIBLE)

CALIBRATION
CYLINDER

QUICK CONNECT PULSATION
DAMPENER

RUPTURE DISK
EXPANSION
TANK

BALL CHECK VALVE

CAT6 CABLE

M

EXPANSION JOINT

SWING CHECK VALVE

COMPLEX INTERLOCK
# = 1, 2, 3, etc.

#

ELECTRICAL CONTROL INTERLOCK

PILOT LIGHT

REFER TO NOTE ON SAME SHEET
FOR BRIEF DESCRIPTION

# = 1, 2, 3, etc.

COMPLEX FUNCTION

OFF-SHEET CONNECTOR

RF=ADMITTANCE/CAPACITANCE
MAN=MANOMETER

GEAR PUMP OR BLOWER
(POSITIVE DISPLACEMENT)

E H

DRAWING
TAG

AVERAGING PITOT
TUBE

ELECTROHYDRAULIC
ACTUATOR

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345

ABCD
12345 12345

ABCD

12345
ABCD

12345
ABCD

12345
ABCD ABCD

12345

SCREW CENTRIFUGAL
PUMP

MECHANICAL SCREEN
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THERMOWELL GREASE TRAP

1W - POTABLE WATER
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AIR - AIR
AWS - ADVANCE WATER TREATMENT SLUDGE
BSE - BIODRYER SCRUBBER EXHAUST
BSL - BLENDED SLUDGE
CEN - CENTRATE
CSL - COMBINED SLUDGE
DWS - DEWATERED SLUDGE
FA - FOUL AIR
FLT - FILTRATE
OF - OVERFLOW
PLN - POLYMER NEAT
PLS - POLYMER SOLUTION
RAS - RETURN ACTIVATED SLUDGE
RSL - RECIRCULATED SLUDGE
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ETHERNET VIA
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FIBER OPTIC CABLE

SIGNAL WIRE

LINE TYPES

NOTES:
1.

FOPPKVM SWITCH

FO
PP

WATER SYSTEM
WORKSTATIONS

DATA HISTORIAN 1

SCADA SERVER 1

RACK MOUNTED
MONITOR

ENGINEERING
(REMOTE SCADA

ACCESS)

TOWN OFFICES - BUILDING 100

BUILDING 600

FOPP

NETWORK SWITCH 1
(SUPERVISORY)

NETWORK SWITCH 2
(CONTROL)

BUSINESS NETWORK SWITCH

BUSINESS NETWORK SWITCH

OIS 2
(WATER SYSTEM)

COLLECTION/DISTRIBUTION
OPERATOR WORKSTATION OIS 3

PLC

BUILDING 300

PLC

GREENS VINTAGE GREENS

DEER CREEK MITCHELL LANE

EAST SIDE ROAD MARK WEST CREEK

PLC-R03

PLC-R11

PLC-R05

BLOWERS AND AERATION BASIN

COMPRESSORS

AWT CHEMICAL INJECTION AND
PUMP STATION

CONTINUES ON I-003

PLC PLC

PLC PLC

PLC/RIO

PLC (PROGRAMMABLE LOGIC CONTROLLER)
/ RIO (REMOTE INPUT-OUTPUT)

ETHERNET SWITCH

OIT (OPERATOR INTERFACE
TERMINAL)

FOPP (FIBER OPTIC PATCH PANEL)

RADIO

SERVER

FOPP

RACK MOUNT ETHERNET SWITCH

OPERATOR WORKSTATION
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PP
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24 PORT SWITCH
(CONTROL)
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DATA HISTORIAN 2
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ETHERNET VIA
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FIBER OPTIC CABLE

PLC/RIO
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ETHERNET SWITCH
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TERMINAL)
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RACK MOUNT ETHERNET SWITCH
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SCADA

NOTES:
1. POLYMER TOTES PROVIDED WITH PORTABLE TOTE

MIXERS, POLYMER TOTE CONTAINMENT, AND
SCALE. TOTES SHALL BE LOCATED OUTSIDE THE
SOLIDS BUILDING. TOTE MIXERS SHALL BE
PROVIDED AS PART OF THE VENDOR POLYMER
MAKE DOWN UNITS. THE TOTE CONTAINMENT
WITH SCALE SHALL BE FORCE FLOW SPILLSAFE
IBC TOTE SCALE WITH SOLO G2 OR ENGINEER
APPROVED EQUAL.

2. THICKENER POLYMER BLEND/FEED UNITS SHALL
BE LOCATED OUTSIDE THE SOLIDS BUILDING.
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SCADA

NOTES:
1. POLYMER TOTES PROVIDED WITH PORTABLE TOTE

MIXERS, POLYMER TOTE CONTAINMENT, AND
SCALE. TOTES SHALL BE LOCATED OUTSIDE THE
SOLIDS BUILDING. TOTE MIXERS SHALL BE
PROVIDED AS PART OF THE VENDOR POLYMER
MAKE DOWN UNITS. THE TOTE CONTAINMENT
WITH SCALE SHALL BE FORCE FLOW SPILLSAFE
IBC TOTE SCALE WITH SOLO G2 OR ENGINEER
APPROVED EQUAL.

2. DEWATERING BLEND/FEED UNITS SHALL BE
LOCATED INSIDE THE SOLIDS BUILDING.
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NOTES:
1. RDT SUPPLIER TO FURNISH AND CONTRACTOR TO

INSTALL INLINE MIXERS IN ACCORDANCE WITH
THE SPECIFICATIONS.
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NOTES:
1. PROGRESSIVE CAVITY PUMPS SHALL BE MOUNTED

DIRECTLY TO THE RDT DISCHARGE HOPPER.
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SEE NOTE 1

INLINE MIXER
SEE NOTE 1

CENTRIFUGE
LUBE UNIT

CENTRIFUGE
LUBE UNIT

BEARING 2

BEARING 1

TSH
8301

A
VSH
8301

A

M

TSH
8301

B
VSH
8301

B

MBOWL
DRIVE

SCROLL
DRIVE

TSH
8302

A
VSH
8302

A

M

TSH
8302

B
VSH
8302

B

MBOWL
DRIVE

SCROLL
DRIVE

CAKE SAMPLE SPOON

FLEXIBLE CAKE CHUTE BY
CENTRIFUGE SUPPLIER

CAKE SAMPLE SPOON

FLEXIBLE CAKE CHUTE BY
CENTRIFUGE SUPPLIER

FLEXIBLE
CENTRATE
CHUTE BY
CENTRIFUGE
SUPPLIER

FLEXIBLE
CENTRATE
CHUTE BY
CENTRIFUGE
SUPPLIER

I-205
DWS

TO CROSS CONVEYOR

I-205
DWS

I-205
CEN

I-501
FA

TO BIOFILTER

SUPPLIED BY CENTRIFUGE SUPPLIER
SEE NOTE 2

DCEN-8301
CENTRIFUGE NO. 1

DCEN-8302
CENTRIFUGE NO. 2

1" PLS

1" PLS

4" BSL

2" 2W

4" BSL 4" BSL

DWS

DWS

8" CEN

8" FA

4" BSL

2" 2W

8" CEN

8" FA

2"
 2

W

4"
 B

SL

1"
 2

W

1"
 2

W

1"
 2

W

2"
 2

W

1"
 2

W

1"
 2

W

1"
 2

W

8" FA
4" FA

8" C
EN

D
W

S

D
W

S

8" C
EN

HS
8301

A

HOR
HS

8301
A

START

FAULT
YL

8301
A

YA
8301

A

READY

YLR
8301

A

RUNNING
HS

8301
A

RESET

HS
8301

A

STOP

SC
8301

A

SPEED
CONTROL

VFD-8301A

PP
-8

30
1

NOTES:
1. CONTRACTOR SHALL FURNISH AND INSTALL

INLINE MIXERS IN ACCORDANCE WITH THE
SPECIFICATIONS.

2. NOT ALL INSTRUMENTATION IS SHOWN. REFER TO
SPECIFICATION 46 76 33 FOR COMPLETE LIST OF
INSTRUMENTATION BY CENTRIFUGE SUPPLIER.

3. PP-8301, PP-8302, CP-8301 AND CP-8302 SHALL
BE LOCATED IN THE ELECTRICAL ROOM AND
FURNISHED BY THE CENTRIFUGE SUPPLIER IN
ACCORDANCE WITH THE SPECIFICATION.

4. LCP-8301 AND LCP-8302 SHALL BE FIELD
MOUNTED BY THE RESPECTIVE CENTRIFUGE AND
SHALL BE FURNISHED BY THE CENTRIFUGE
SUPPLIER IN ACCORDANCE WITH THE
SPECIFICATION.
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