Chapter 3
Experi nmental Program

3.1 Sanpl e Preparation

Past studies have identified urban stormwater runoff as a major
contributor to the degradation of many urban | akes, streans, and
rivers. Industrial and comrercial parking lots, material storage
areas, and autonobile service stations are the nost significant
contributors of a variety of pollutants to wet weather flow
Therefore, an attenpt was nmade to anal yze both stormater runoff
and synthetic sanples. The former was intended to provide a
prelimnary guideline in parking | ot runoff characteristics,
while the latter allowed a consistent background for
experinmentation. Preparation and eval uation procedures for each
type of sanple are described in this section. In addition, CSO
sanpl es were al so used for this study.

Sur f ace Runof f

During the initial stage of the investigation, surface runoff
sanpl es were collected froma parking lot. In addition to
natural storm surface runoff sanples, sinulated runoff was
generated by spraying the above-noted parking lot with city water
during dry weat her peri ods.

The parking ot used in this study was the Oto H York Center
Par ki ng Lot #3 at the New Jersey Institute of Technol ogy (NJIT)
canmpus in Newark, New Jersey. The parking |lot has a capacity of
60 cars with a dinmension of approximately 100 nmeters by 30 neters
with a 4% grade. It operates seven days per week with five days
at full capacity.

Sanpling of actual stormmater runoff events is weather dependent,
and hydrol ogic factors such as the interval between storm events,
rainfall intensity, total rainfall, etc. are randomin nature,
and, as such, greatly affect runoff characteristics. Because of
this, the time to conduct the experinments and the ability to
replicate results with varying sanpl es would have required a
substantially |onger period than is programmed in the
investigation. Therefore, actual runoff sanples were used only
in the prelimnary stage of this study to test the feasibility of
t he MC process.

Sanpl i ng.

Bul k runof f sanples generated by natural rain or by spraying a
predeterm ned area of the parking lot with city water were
sanpl ed at the beginning of the precipitation event directly from
t he drai nage inlet chanber by a hand-bucket and industrial vacuum
apparatus. The pavenment was washed fromthe highest elevation to
the | owest elevation. The total area washed for each of the
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tests was approxi mately 3,000 square feet. Sanpling setup and
operations were prepared at |east two days prior to rainfal
events anticipated in accordance with the weat her forecast.

Sanpl e Preservation, Transportation, and Storage.

Sanpl es were transported to the |aboratory within five mnutes
after finishing the sanple collection process. The preservation
and holding tine of sanples are listed in Table 3-1.

Table 3-1. Preservation Condition and Hol di ng Ti ne
For Sanpl e Anal ysis

Par anmet er Cont ai ner Preservation Hol di ng Ti e
i?rtiqle sl ze P, & Cool . 4°C 48 hours**
istribution '
Zeta potenti al P, G Cool , 4°C 48 hours**
Suspended solid P, G Cool , 4°C 7 days
Total solid P, G Cool , 4°C 7 days
Vol atile solids P, G Cool , 4°C 7 days
pH P, G None | medi ately
Fecal coliform P, G Cool , 4°C 6 hours
Total organic P, G Cool , 4°C 28 days
car bon
Turbidity P, G Cool , 4°C 48 hours
P -- plastic container; G-- glass bottle

*x No standard holding tine is given in the currently avail able
l[iterature. This nunber is selected based on turbidity
hol di ng ti ne.

Synt heti c Sanpl es.

As indicated above, evaluation of the MC process by both natural
and sinmul ated runoff requires a substantial anount of sanpling
due to the randommess of runoff sanples. Since the dry residual
materials froma parking facility al so possess the basic
constituents of parking lot runoff, such residues were collected
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and used to prepare synthetic sanples. It was found that two
types of dry materials existed:

Type | -- Low organic content materials. The type | material is
a |l ow organi c content sandy-like residue that was found in the
area along the walls of the parking deck. The total volatile
solid content of this type of material was found to be | ess than
1% by weight. This material was sieved and divided into the
seven particle size ranges as shown in Table 3-2.

A series of sanple preparation evaluation tests were conducted to
determ ne the quantity of each range for the aqueous sanple to be
anal yzed. It was found that the material with grain size |arger
than 106 pmwoul d settle too fast to nmake a uniform sanple. It
was concluded that particles smaller than 106 um were nore
suitabl e for suspension than the |larger particles. Subsequently,
particles smaller than 106 um were used to prepare synthetic

sanpl es. The constituents of the synthetic sanples are
illustrated in Table 3-3.
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Table 3-2. Dry Sanple Size Characteristics
Particle D aneter Control Sieve No.
(UM (ASTM

| ess than 53 270
53 O 75 270 O 200
75 0 106 200 O 140
106 O 150 140 O 100
150 O 250 100 O 60
250 U 425 60 O 40
| arger than 425 40

Tabl e 3-3. Conposition of Synthetic Sanples
MVat eri al P - Rel ative
Type Speci fication Vi ght * Remar ks
size < 53 (um 38. 9%
Type |
Low organi ¢ 53 < size < 75 19. 4% By sieve anal ysis
cont ent (um
mterial 175 < size < 106 | g 4,
(pm
Type 1l H'%n”ﬂzgﬁn'c 1. 9% H gh organi c content
with materials were ground
d ay 0.1 <size <3 31 4% with clay
(pm
Tot al 100%

* pased on the tota
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Type Il -- High organic content nmaterial. The type Il materi al
is a high organic content residue that was attached to the ground
surface under each parked car. The total volatile solids for
this type of material were found to be approxi mtely 18% by

weight. In perform ng sanple preparation tests, it was observed
that this nmaterial either settles at the bottomof the jar or
floats on the surface. 1In order to obtain suspended volatile

solids, the high organic content material was first ground with
clay and then used to prepare an aqueous sanple. After grinding
with clay, it was observed that the type Il solids remained in a
suspended state, which was confirmed by total volatile solid
testing. A series of tests were conducted to determ ne the
proportion between clay and the original sanple. Both |ow and

hi gh organic content materials were conbi ned and used to generate
a synthetic sanple. The conposition of the type Il material
ground with clay is shown in Table 3-3.

Conbi ned Sewer Overfl ow

The Gty of Perth Anboy operates a conbi ned sewer system and
wast ewat er transfer punping station that collects conbi ned
sanitary sewage, industrial wastewater, and stormrunoff from an
approximately 7 square kiloneters drainage area to a regiona
wast ewat er treatnment plant owned and operated by the M ddl esex
County Utilities Authority. The wastewater transfer punping
facility is located at the junction of Water Street and Sadowski
Par kway. A CSO regulator is directly |ocated about 20 feet bel ow
t he Sadowski Parkway with an overflow weir and 84" di aneter CSO
tide-gated outfall to the Arthur Kill.

The inflow fromthe interceptor discharges into one of two
screeni ng channel s each equi pped with a nmechanics coarse bar
screen for renmpving screenings and protecting the sewage punps.
The screen chanber inflow was collected for the MC coagul ati on
st udy.

The channel is housed in an enclosed building with 24 hours a day
access and a person always on duty. Git, that accumulates in the
channel, is renoved fromthe facility nonthly.

3.2 Measurenent Paraneters

In this experinmental program the paraneters were divided into
control and response vari abl es.

Control Vari abl es

Control variables are independent variables of a system whereas
response vari abl es are dependent variables (results). In this
study, the control variables included the follow ng paraneters:
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- MC type, size range, and concentration.

- Coagul ant type and concentration.

- Coagul ant aid (coagul ant aid) type and concentrati on.
- Rapid mxing tine and rotation rate.

- Slow mxing (flocculation) time and rotation rate.

Response Vari abl es

Response variables are indicators used for determ ning the

ef fectiveness of the control variables. Response variables may
provi de useful information in determning the optimal setup for
control variables. 1In this study, the foll ow ng paraneters were
used as response vari abl es:

- Supernatant turbidity.

- Supernat ant pH

- Supernatant particle-size-distributions.
- Supernatant zeta potential.

- Supernat ant suspended sol i ds.

- Supernatant total solids.

- Supernatant volatile solids.

- Supernatant fecal coliform

- Supernatant total organic carbon.

Raw St or mwvat er Characterization. The raw sanples including
surface runoff, synthetic sanples, and CSO (see Section 3.1) were
characterized by the foll owi ng paraneters:

pH Total volatile solids
Turbidity Zeta potenti al
Total solids Total organic carbon
Particle size distribution Fecal coliform

Suspended sol i ds

3.3 Experinental Design

The experinental design of this study consisted of a three-|ayer
experinmental design: prescreening tests, screening tests, and
confirmative tests. The purpose of the prescreening tests during
whi ch different experinental conditions were eval uated by visual
observation was to determ ne the range of operational paraneters.
Upon the conpletion of the prescreening tests, screening tests
were perfornmed followed by confirmative tests. The purpose of
screening and confirmative tests was to provide a quantitative
anal ysis of the MC process. Detailed descriptions of M

coagul ant, coagul ant aid, prescreening tests, screening tests,
and confirmative tests are given in the follow ng sections.
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M crocarrier (M)

Two types of material were selected to use as MC, nanely, Otawa
sand and a beach sand obtai ned from Sandy Hook, NJ. Both sands
were used in prescreening tests. Otawa sand was selected in
screening and confirmative testing, due to its durability and
size uniformty over the Sandy Hook beach sand and commerci al

avai lable in large quantity. The size range of Otawa sand tested

was between 100 to 500 um The MC size ranges and concentrations
were determ ned by prescreening tests.

Al containers and MC were first washed thoroughly with a
detergent and hot water, then rinsed with hot water to renove al
traces of residual washing compound, and finally rinsed with
particle-free water.

Coagul ant

Alum (al um num sul fate, Al ,(SO),.18H0O and ferric chloride

(Fed ,.6HO were used as the coagulants for this study. Al um num
sul fate has been enpl oyed extensively in water and wastewat er
treatment because it is usually | ess expensive than ot her

coagul ants and it operates effectively close to neutral pH s
while ferric chloride is effective over a wi der pH range.
Concentrations of coagulant reported in this report are the
concentration of alumnumsulfate as ng of Al ,(SO).-18HQO L and
the concentration of ferric chloride as ng of Fe™ /L.

The zeta potential and pH of alum numsulfate and ferric chloride
were neasured at different concentrations. Stock coagul ant test
solutions were prepared daily by m xing chem cals with deionized
water to a concentration of 10 g/L (1 nL of stock solution when
added to 1 L of sanple is equivalent to 10 ng/L). The zeta
potential and pH values of the deionized water were close to 0 mv
and 7, respectively.

The zeta potential distributions of alum numsulfate and ferric
chloride solutions for different concentrations are presented in
Figures 3-1 and 3-2. The zeta potential increases wth the

i ncrease of concentration within the range of 100100 ny/L for
bot h coagul ants. For concentrations higher than 100 ng/L, no
significant changes for zeta potential was noticed.
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Figure 3-1. Zeta Potential D stribution of Alumnum Sulfate Sol ution
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Figure 3-2. Zeta Potential D stribution of Ferric Chloride Solution

Figures 3-3 and 3-4 illustrate variation of pH values with

di fferent concentrations of coagul ant. The pH val ue decreases
from5.2 to 3.5 for alum num sul fate concentrations increases
from 10 to 1000 ng/L as Al ,(SO).,.18H0O, and the pH val ues vary
from3.5 to 2.3 for ferric chloride solution when the
concentration of ferric chloride increases from10 to 1000 ng/L
as Fe™ (or 48 to 4,800 ng/L as Fed ,.6HO).
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Figure 3-3. pH Distribution of Al um num Sul fate Sol ution
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Figure 3-4. pH Distribution of Ferric Chloride Sol ution

Coagul ant Aid

There are many commercially avail abl e coagul ant ai ds or

pol yel ectrol ytes. Five polyelectrolytes fromtwo different

manuf acturers (see Table 3-4) were used in the experinents.

Among them four (POL-EZ-2466, POL-EZ-3466, POL-EZ-2696, and POL-
EZ-7736) were used in surface runoff tests and one (309C) for CSO
tests. Zeta potential distributions versus polyel ectrol ytes
concentrations are illustrated in Figures 3-5, 3-6, 3-7, and 3-8,
respectively. For cationic and anionic polyeletrolytes, the
charge strengths are stronger for higher concentrations, while
for non-ionic polymer, there is no significant change in zeta

pot enti al when concentration increases.
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The rel ati onship between coagul ant aid concentrations and zeta
potential values based on |l og-linear regression is sunmarized in
Table 3-5 and illustrated in Figure 3-9. One can see that the
cationic (POL-EZ-2466 and POL- EZ-3466) and ani oni ¢ (POL- EZ-7736)
coagul ant aids have simlar strengths of charge while the zeta
potential of the non-ionic coagulant aid (POL-EZ-2696) is
conparatively insignificant.

Table 3-4. List of Coagul ant Aids

Coagul ant Aid I D Char ge Test Stage | Manuf acturer
(Pol yel ectrol yte)
PCL- EZ- 2466 PE- 1 Cationic
oo Sur face Cal gon
POL- EZ- 3466 PE- 2 Cationic Runof f Cor por at i on
oo Pi ttsburgh
POL- EZ- 2696 PE- 3 Non-1i oni c Pennsyl vani a
PCL- EZ- 7736 PE- 4 Ani oni ¢
Pol ydyne, Inc
309C PE- 5 Cationic CSsO Ri ceboro
Georgi a
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Figure 3-5. Zeta Potential D stribution of PCOL-EZ-2466
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Figure 3-6. Zeta Potential D stribution of PCOL-EZ-3466
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Figure 3-8. Zeta Potential D stribution of PCOL-EZ-7736
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Table 3-5. Zeta Potential of Coagul ant Aids

Coagul ant ai d Zeta Potential versus Concentration
POL- EZ- 2466 Z =26+ 13 log C
POL- EZ- 3466 Z =19 + 23 log C
POL- EZ- 2696 Zaverage = <74
St andard deviation = 1.6 nV
POL- EZ- 7736 Z=-33-201lo0og C
100 —
= N - POL-EZ-
= 50 4+ = —— 2466
5 - ——= - —— 3466
o O T 2696
=~ S 7736
S 504 Tl
() -
N i - = = —
-100 : : : : |
0.1 1 10 100 1000 10000

Concentration (mg/L)

Figure 3-9. A Conparison of Zeta Potential of Coagulant Ad

Experi ments

The experinental program consisted of three phases, nanely,
prescreeni ng, screening, and confirmative tests. The
prescreeni ng phase was a qualitative determ nation that provided
operational setups for the screening and confirmative tests. The
screening tests eval uated various coagul ant and coagul ant aid
concentrations for the MC jar tests. Finally, the confirmative
tests assessed the effects of MC size and concentration in the
jar test. The function and program of each phase is described in
detail in the follow ng sections.
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Prescreeni ng Jar Tests

The prescreening tests consisted of a qualitative
characterization to provide testing ranges for the control

vari abl es (see Section 3.2). 1In the prescreening tests, a series
of jar tests was perforned on natural and artificial stormrunoff
sanples m xed with MC, coagul ant and coagul ant aid. The
operational paraneters included: coagulant aid type and dosage,
coagul ant dosage, rapid mxing rate and duration, floccul ation

m xing rate and duration, and MC type, concentration, and size.
The degree of agitation, time required for good floc formation,
and the tine required for settling were noted. Since the results
are largely conparative, visual observation was enpl oyed.
Quantitative analysis was consi dered unnecessary. The paraneters
and their ranges are listed in Table 3-6.

Table 3-6. Parameter Setup for Prescreening Jar Tests

Par anet er Mat eri al Val ue Ranges
: O tawa sand 1000 500 pm
MC Size Beach sand H
- O tawa sand
MC Concentrations Beach sand 3010 g/L
Coagul ant Al um num sul fate 100120 ng/ L
Coagul ant aid POL- E- Z 3466 0.301.5 ny/L
Coagul ant aid POL- E-Z 2466 0.301.5 ny/L
Coagul ant aid POL-E-Z 7736 0.301.5 ny/L
Coagul ant aid POL- E-Z 2696 0.301.5 ny/L
Rapid M xing Rate | ———m—— 600 200 rpm
Fl occul ati on Rate |  ———m— 10060 rpm
Rapid M xin
Buration S — 1000120 sec
Fl occul ati on .
Duration |  — 10 secd30 mn
Settling T @ |  —/7  —77-— 1030 mn
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The m ninmumenergy and time that can initiate all the MCinto
suspensi on were selected as the rapid mxing rate and duration
for the jar tests. In addition, the mninumrate to keep all MC
i n suspension was selected as the optinmal flocculation rate. The
optimal flocculation tine was determ ned based on floc formation.
The rapid mxing rate and duration as well as the floccul ation
rate and duration were determ ned by visual observation. A
summary of paranmeters with respect to this criteria selection is
shown in Table 3-7.

Five MC configurations with different sizes and concentrations
were sel ected based on prescreening tests and they are identified
in Table 3-8.

Table 3-7. Determnation of Rapid Mxing Rate with Duration and
Fl occul ation Rate with Duration
Par anet er Selection Criterion

M nimum energy to initiate MCinto the

Rapid m xing rate suspensi on

Rapi d m xi ng Mnimumtime to achieve fully m xed
duration condi tion

M ni mum energy to keep all MC and floc in

Fl occul ation rate the suspension

: Best floc formation (size and density) at
Flgﬁfg{?gkon observation intervals of 1, 3, 5, 10, 15,
20, and 30 mn

Screening Tests

The screening tests focused on determ ning the optimal doses of
coagul ant and coagul ant aid for the MC process. There were three
test levels with different conbi nations of MC, coagul ant and
coagulant aid. A summary of paraneter eval uation for screening
as well as confirmative tests is presented in Table 3-9.
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Tabl e 3-8. MC I dentification

MC type Mat eri al Si ze Dosage (g/L)

MC- 1 O tawa sand 530150 pm 3
(Si eve #2700 #100)

MC- 2 O tawa sand 1500250 pm 3
(Si eve #1000 #60)

MC- 3 O tawa sand 530150 pm 10
(Sieve #2700 #100)

MC- 4 O tawa sand 1500250 pm 10
(Si eve #1000 #60)

MC- 5 O tawa sand - 93075 pm 3
(Si eve #2700 #200)

Table 3-9. Screening and Confirmative Tests Parameter Eval uation

Test Par anet er Control Variabl e
MC-1 and Coagul ant
Screen level 1 Coagul ant concentration
MC- 1,
Screen | evel 2 Coagul ant, and Coagul ant

Coagul ant aid concentration

MC- 1 i
’ Coagul ant ai d
Screen |l evel 3 Cgoaaggudlaanrft, aaimdd concent ration
MC-1, M2, MC si ze
: - MC-3, MC-4, -
Confirmative Coagul ant, and MC concentration

Coagul ant aid

Rate and duration for rapid m xing and floccul ation determned in
prescreening tests were used for the screening tests. Turbidity
was used as a water quality indicator. Supernatant sanples were
taken at settling tinmes of 3 and 8 m nutes, respectively.
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Det erm nati on of optinmal dose was based on the follow ng
criteria:

« Select the jar with the lowest turbidity, unless

- The difference between the |lowest turbidity jars is |ess
than 20% in which case, select the jar with the | ower
chem cal dosage.

Level 1. The purpose of Level 1 testing was to determ ne the
best coagul ant dosage in the absence of coagulant aid. MC1 was
used for each jar. Coagul ant concentration setup, ranging from?O
to 80 ng/L, is illustrated in Table 3-10.

Tabl e 3-10. Screening Tests -- Level 1
Test Addi tive Jar No.
Set 1 2 3 4 5 6
MC MC - 1
o Coagul ant 0 10 | 20 | 40 | 60 | 80
(mg/ L)

Level 2. The purpose of level 2 testing was to determ ne the
best coagul ant dosage in the presence of coagulant aid. The

i nfluence of coagulant aid on the optinmal dosage of coagul ant was
t hus determ ned. Coagulant, MC-1, and 1 ng/L coagul ant aid were
used in the tests. The coagul ant concentration setup, ranging
fromO to 80 ng/L, is illustrated in Table 3-11

Level 3. The purpose of level 3 testing was to determ ne the

i nfluence of coagul ant aid concentrations. The optinmal coagul ant
concentration based on the test results of level 2, and MC-I was
used for each jar. The coagul ant aid concentration setup,
ranging from0.3 to 1.5 ng/L, is presented in Table 3-12.
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Tabl e 3-11. Screening Tests -- Level 2
Test Addi tive Jar  No.
Set 1 2 3 4 5 6
NC MC - 1
0.1 |Ceagulant (mo/L) | o | 10 | 20 | 40 | 60 | 80
Coagul ‘(”‘%/ ﬁi)d 1 1 1 1 1 1
NC MC - 1
0.p |Coagulant (mo/L) | o | 10 | 20 | 40 | 60 | 80
Coagl ‘(”‘%/ ﬁi)d 1 1 1 1 1 1
NC MC - 1
0.3 |Coagulant (mo/L) | o | 10 | 20 | 40 | 60 | 80
Coagyl ‘(”‘%/ ﬁi)d 1 1 1 1 1 1
NC MC - 1
o, |Rgulant (mo/L) 1o | 10 | 20 | 40 | 60 | 80
Coagy! (ar[g / La)i d 1 1 1 1 1 1
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Tabl e 3-12. Screening Tests -- Level 3
Test Addi tive Jar  No.
Set 1 2 3 4 5 6
MC MC- 1
Coagul ant
3-1 (ng/ L) based on results fromtest set 2-1
Coagul ant ai d
PE-1 (ny/ L) 1 0.3 0.5 0.7 1.2 1.5
MC MC- 1
Coagul ant
3-2 (ng/ L) based on results fromtest set 2-2
Coagul ant ai d
PE-2 (ny/ L) 1 0.3 0.5 0.7 1.2 1.5
MC MC- 1
Coagul ant
3-3 (ng/ L) based on results fromtest set 2-3
Coagul ant ai d
PE-3 (ny/ L) 1 0.3 0.5 0.7 1.2 1.5
MC MC- 1
Coagul ant
3-4 (ng/ L) based on results fromtest set 2-4
Coagul ant ai d
PE-4 (ny/ L) 1 0.3 0.5 0.7 1.2 1.5
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Confirmati ve Tests

In confirmative tests, it was intended to determ ne the inpact of
the MCs with respect to their size and concentration. |In these
tests, one coagul ant, four MCs, and four coagul ant aids were
used. The experinmental setup is outlined in Table 3-13.

Tabl e 3-13. Confirmati ve Tests

Test Additive Jar No.
Set 1 2 3 4 5
MC MC -1
C1 Coagul ant Based | Based | Based | Based | Based
(mg/ L) on on on on on
an Test Test Test Test Test
Set Set Set Set Set
Coagul ant 1-1 | 31 | 32 | 33 | 3-4
aid
(my/ L)
MC MC - 2
C 2 Coagul ant Based | Based | Based | Based | Based
(mg/ L) on on on on on
an Test Test Test Test Test
Set Set Set Set Set
Coagul ant 1-1 | 31 | 32 | 33 | 3-4
aid
(my/ L)
MC MC - 3
C 3 Coagul ant Based | Based | Based | Based | Based
(mg/ L) on on on on on
and Test Test Test Test Test
Set Set Set Set Set
Coagul ant 1-1 | 31 | 3-2 | 33 | 34
aid
(my/ L)
MC MC - 4
Coagul ant Based | Based | Based | Based | Based
G4 (mg/ L) on on on on on
an Test Test Test Test Test
Coagul ant Set Set Set Set Set
aid 1-1 3-1 3-2 3-3 3-4
(my/ L)
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