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ABSTRACT

A technical assistance project was conducted at the Williams-
burg Waste Treatment Plant to demonstrate plant start-up and opera-
tional control procedures. The project was directed by personnel
of the Waste Treatment Branch, National Field Investigations Center -
Cincinnati with the support of Hampton Roads Sanitation District per-
sonnel -

The Williamsburg Waste Treatment Plant is a complete-mix acti-
vated sludge plant equipped with surface-mechanical aeration devices.
It is designed to treat 9.6 mgd of combined brewery and domestic waste.

Only brewery waste was treated during the first three months
of operation. Organic and hydraulic loads were low during these
months since the incoming flow averaged only 2 mgd. Plant loadings
reached normal levels in April with the addition of domestic waste
from the City of Williamsburg. The incoming flow averaged approxi-
mately 5 mgd for the final three months of the project.

Despite many mechanical and operational problems associated

with the start-up of the new plant, reductions in BOD_. averaged 97

5
percent (529 to 15 mg/1) for the entire project while reductions in
suspended solids averaged 92 percent (320 to 22 mg/l). Table 1 gives

a summary of project average BOD values, TSS values, and reductions.



TABLE NO. 1

SUMMARY OF

PROJECT

AVERAGE BOD & TSS VALUES & REDUCTIONS

HAMPTON ROADS SANITATION DISTRICT, WILLIAMSBURG - WIP

SECONDARY REDUCTION IN

PLANT REDUCTION IN BOD

SUSPENDED SOLIDS

RAW SUSPENDED SOLIDS .
P.E. SUSPENDED SOLIDS
F.E. SUSPENDED SOLIDS
SECONDARY REDUCTION IN

PLANT REDUCTION IN TSS

BOD .cevan.n

TSS ceerunen.

529 mg/1

317 mg/1
14.5 mg/1
95.4 %
973 %

320 mg/1
125 mg/1
22.2 mg/l
81.6 %
92.0 %



Some of the problems that caused the effluent quality to ex-

ceed desired limits at times were:

1. Acid wastes that entered the plant during the
first month of operation.

2. Sludge bulking during April.

3. Unwarranted recycle of digested sludge from
the sludge disposal system to the activated

sludge process.

With the elimination of these and other problems, Hampton
Roads Sanitation District personnel should be able to produce a

consistently high quality final effluent at the Williamsburg Waste

Treatment Plant.



INTRODUCTION

This report describes the results achieved during the fed-
eral technical assistance project conducted at the Williamsburg
Waste Treatment Plant. Personnel of the Waste Treatment Branch,
National Field Investigations Center - Cincinnati, assisted the
Hampton Roads Sanitation District in the start-up and operation
of their new Williamsburg, Virginia plant. The request for assist-
ance originated with the Hampton Roads Sanitation District and the
Virginia State Water Control Board and was approved by the Office of
Enforcement and General Counsel, Environmental Protection Agency.

The cooperative support of the plant management and operat-
ing personnel of the Hampton Roads Sanitation District and the assist-

ance provided by the State Water Control Board is gratefully acknow-

ledged.



TREATMENT FACILITIES

The Williamsburg, Virginia, Waste Treatment Plant is a
complete - mix activated sludge (CMAS) plant designed to treat

combined brewery and domestic waste.

FLOW PATTERN

Brewery waste is pumped from the Anheuser-Busch plant
to the new Williamsburg Waste Treatment Plant where it is com-
bined with raw domestic waste pumped from the old Williamsburg
Municipal Treatment Plant site. This combined plant influent
then flows through a screening chamber and a grit removal struc-
ture. After metering through a Parshall flume, the flow is
divided between two primary clarifiers. (See Figure 1 for plant
layout.)

Effluent from the primary clarifiers flows by gravity to
a splitter box where it is diverted to either one or two of the
four existing aeration basins and mixed with return sludge. Al-
though only two basins were used in the CMAS System, all four
basins have fixed surface mechanical aerators.

The effluent from the aeration tanks flows by gravity
to the two peripherally fed circular final clarifiers for solids
separation. The clarifiers are equipped with combination suction-
scraper type sludge removal devices.

The clarified effluent is chlorinated and discharged to

the James River- 5
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The settled mixed liquor which is removed from the

secondary clarifiers is pumped to the active aeration tanks;
excess sludge is wasted to the other two aeration tanks, No. 3
and No. 4, which are operated as aerobic sludge digesters.

The aerobically digested sludge is pumped to _.avity
thickeners where it is concentrated prior to disposal &% a nearby
spray irrigation site. Overflow from the thickener is ret.rned

to the splitter box ahead of the aeration tanks.

DESIGN CRITERIA

The consulting engineers' design figures (Table 2), state
that the total plant capacity utilizing four aeration tanks in the
CMAS System, is 9.6 mgd of combined brewery and domestic wastes at
667 mg/l or 53,376 pounds per day of 5-day BOD.

The sizes and capacities of the secondary treatment facili-
ties are listed in Table 3. It should be noted that although four
aeration tanks are listed, areas and volumes are the totals for
only the two tanks providing mixed liquor aeration since the other
two tanks were used as aerobic digestion basins for the duration

of the project.



TABLE NO. 3

CONSULTING ENGINEERS' DESIGN CRITERIA

AVERAGE DAILY FLOW

Domestic WasteWater -ccceerecsasasecasosnsnnse 4.6
Brewery Wastewater.......... N cresea .o 5.0
TOTAL -==~=~- 9.6 mgd

BOD LOAD (mg/1)

DOMESEIC e cevrnrrnreraecasneassoscnsosanonns 200 mg/1
BrOWETY s veveeereeeenon e, . 1000 mg/1
Combined cceececsascesesnosnssoncsoncessasonces 667 mg/l

BOD LOAD (#/day)

DOMESEIC -  cvoeeoceveaevassossesaccrossssoases 6672
Brewery vecoossveesesescecsassnosssnnsse veaan h670h
TOTAL -~--- 53376 #/day
SUSPENDED SOLIDS LOAD (mg/1)
DOMEEEEC e e v v v e veevoceesuososooanscecaasacess 240 mg/l
Brewery.oeveeecesecenas tetsresesesasavannos 450 mg/1
COmbined. eeveeeserseacneraannas Cesravnaeans 362 mg/1

SUSPENDED SOLIDS LOAD (#/day)

DomestiCesecererevssnesens seecoas et e a0 cen e 8006
Brewery «ciceceesstinctacessacscacas Cte e, 21017
TOTAL --we-- 29023 1bs./day



TABLE NO. 3

TREATMENT FACILITIES

HAMPTON ROADS SANITATION DISTRICT, WILLIAMSBURG - STP

SCREEN CHAMBER

Type.eceeesenss R R Manually and Mechanically Cleaned
Number of Screen ChannelsSe.ceeceee.oo ceacacsecseessnennonn 2
Number of Bypass ChannelsS:.ecesesesssrecoorcsnacans oo 1
Bar Rack - Bar Spacing.....e.... D T cseiese 3 in
Mechanically Cleaned Bar Screen - Bar Spacing.....ce.eee.. 1

GRIT COLLECTOR

Number of UnitSeeeveieeeerieerennnns ceeterecnnn crceesconns 2
P P e e v atasoseassoansnsassoreasssassonssssnsannons «....detritor
Diameter..eeeeeeeee. Ceeseesaaeteiteaiacttacanacnescessnens 28 £t
PRIMARY CLARTIFIERS
Number,........ fheerereteeacnaaaes ceeceeenaans 24
TyPe. e vennnanns it eceeineeee e Circular, peripheral feed
Dimensions(each).....oeeveu... e ee.. 95' dia. x 10' s.w.d.
CSA - Total Clarifier Surface Area - 8q. Ft. ....... 14,176
CVF - Total Clarifier Volume - Cu. Ft.............. 141,764
CVG - Total Clarifier Volume - Gal. ........ eee.. 1,060,397
Mechanism Type««.... Ceeeeeseeetct sttt eaen Scraper



TABLE NO. 3
(contd)
TREATMENT FACILITIES

HAMPTON ROADS SANITATION DISTRICT, WILLIAMSBURG - STP

PRIMARY SLUDGE PUMPS

NUMD Y s ¢ v e ve e toeeecosasasacosassvcncoosscacnsssces 2
TYDE e eeerovoooncosasssosennsnnsens tesssssenssssss Centrifugal
Capacity (@ae)eeeeeeeeerorecncniocscosacenacsnnns 100 GPM
Total Head -veeeeesseesevovovncesonossosssansonseos 19.5 ft.

Drive:scesesceseseacassessssasonesansss 3 H.P. Constant Speed

PLANT DRATN PUMPS

Numbers....... Cereeeenen 1 1
TYPEevecssesasesessanesss Centrifugal Centrifugal
CapPACItY eevrrocrnananans 1,200 GPM 200 GPM
Total Head...e.vev0e ceces 35 ft. 29 ft.
Drive. . veeeeiveeannns .+.. Constant Speed Constant Speed

NUmber«eeeeess. ceea seseesatanan Sttt teiiieeaa., 2
Type e e ees e Ceereeanaiaaan ceeeas e ttieeena.., Concrete
Dimensions(each) eveececeeanannn..., 250" L x 50" W x 14' Deep
ASA - Total Aeration Tank Surface Area - S5q. Ft. 25,000
AVF - Total Aeration Tank Volume - Cu.Ft. 350, 000
AVG - Total Aeration Tank Volume - Gal. 2,617,999

10



TABLE NO. 3
(contd)
TREATMENT FACILITIES

HAMPTON ROADS SANITATION DISTRICT, WILLIAMSBURG ~ STP

AERATION EQUIPMENT

Number of Aerators per TanK.......... Ceeeeeeeeas 5
TYDC et e et eetennnannnnnnn «ve-e.. 2-speed Surface-Mechanical
Horsepower..,.............. High - 50 H.P., Low - 12.5 H.P.
SECONDARY CLARIFIERS
Number.......... ceens et ceecieseseereas 2
Type-seoo. Gttt ceterecennaeaanannns Circular, peripheral feed
Dimensions(each)eeeecsceeececans 130" dia. x 10' s.w.d.
C8A - Total Clarifier Surface Area - Sq. Ft. 26,546
CVF - Total Clarifier Volume - Cu.Ft. 265, L6L
CVG - Total Clarifier Volume - Gal. 1,985,673
Mechanism Typeeseeeeecerrioessoreacneenns Suction-Scraper
SLUDGE RECIRCULATION PUMPS
Numbereeeeeeeeeneiiinens vunenn . ceerareeaens . 2
TypPEeovevvaoas e et et e «+++. Vertical-Centrifugal
Capacity (ea.)....... e e 7,000 GPM
Total Head -« e rreereeieeennnnann. e 10.5 ft.
ive.ieeon e teeeees erec e e s e ennan eess. 50 H.P. Variable Speed



TABLE NO. 3
(contd)
TREATMENT FACILITIES

HAMPTON ROADS SANITATION DISTRICT, WILLIAMSBURG - STP

CHLORINE CONTACT TANK

NUmMber « c o s oo oes tessseceassrssosnns eeesecrsvecnonns 1
NUmber Of PaSSE@Secccccsesssscocoasosssssscanssosas L

Detention Time @ 9.6 MEdeceeereoersoocosonocnsons 45 min.

AEROBIC DIGESTER TRANSFER PUMP - No. 3 TANK TO THICKENERS

NUIDEY ¢ ¢ vosocaoessascessosccestssocsacsasnsacasans 2
TYpPEecoocens T Self-priming Centrifugal
Capacity (e@ae)eeeesesa- cececaraens 700 GPM
Total Head:.eeeeveoeorsaossansseons 29 ft.

Drive.e..... cresecananaans «++ese-. 10 H.P. - Constant Speed



TABLE NO. 3
(contd)
TREATMENT FACILITIES

HAMPTON ROADS SANTTATION DISTRICT, WILLIAMSBURG - STP

GRAVITY SLUDGE THICKENERS

Number«...... cieesacn s e resans ceeees cesenes 2
Diameter s ceseeesnenses . . 50 ft.
Side Water Deptheseeseeeeecann, Ceevascseaaanans .. 10 ft.
Total Thickener Tank Surface Area - 5q. Ft. ..... 3,927
Total Thickener Tank Volume - Cu.Ft.......... . 39,270
Total Thickener Tank Volume - GalS.:.eoeoes.. ce. 293,740

THICKENED SLUDGE PUMP (pumps thickened sludge to irrigation site)

Number-:.eoeoeeeess et e ree et ieiea s 1
Type - C e ee i et ae st eeaen Reciprocating
Capacity:eceeess. et tieeri e Ceeeeae 200 GPM
Total Headeevoerereareonennnnnns e, 78 ft.
Drive.«essecssess e s et et e e 10 H.P. Constant Speed

13



SAMPLE COLLECTION AND ANALYSIS

SAMPLE COLLECTION

PLANT INFLUENT - The plant influent samples were collected
every two hours at the screening chamber and composited into a
2hi-hour sample for analysis. The sample point is shown as S-1 on
Figure 1.

The sample was not an accurate representation of the in-
coming waste, however, since the plant recycle line discharged in
the vicinity of the sampling point.

AERATOR INFLUENT - The sample was collected every four hours
at the splitter box located ahead of the aeration basins. The
sample point is shown as S-2 on Figure 1.

Although this sample is not representative of the primary
effluent since it frequently contained overflow from the gravity
thickeners, it is a true representation of the waste load to the
activated sludge system.

MIXED LIQUCR -~ Mixed liquor samples were collected every
four hours from each aeration tank for the settleometer ang centrji-
fuge test (See Operational Control Methods Section) and determin-
ation of mixed liquor solids (only run on noon sample). The samples
were collected from the discharge box at the end of the aeration
tank, shown as S-U on Figure 1.

FINAL EFFLUENT - The unchlorinated final effluent Ssample

was gathered every four hours at the manhole adjacent to the final

1k



clarifiers. This sample was composited into a 2k-hour sample for
effluent quality analysis. The sample point is shown as S5-3 on
Figure 1. Another final effluent sample, this one chlorinated

for discharge to the James River, was collected hourly and checked
for chlorine residual.

AEROBIC DIGESTER MIXED LIQUOR - At noon each day, samples
were gathered from the discharge box of the aerobic digesters for
total and volatile suspended solids analysis. The sample point
is shown as 5-5 on Figure 1.

ANALYSIS

Analysis of all the above samples was done by HRSD personnel

in the Williamsburg WTP laboratory in accordance with procedures

detailed in Standard Methods for the Examination of Water and Waste-

water, Thirteenth Edition.

All reported plant performance data, with the exception of
those analyses listed below, are based on the data supplied to NFIC-C
personnel by the HRSD personnel. All reported BOD values are based
on a 5-day incubation period at 20° C.

An aliquot of the composite samples (plant influent, aerator
influent, and final effluent) was filtered through 0.45 p membrane
filters daily (by NFIC-C personnel) and shipped along with unfil-
tered aliquot of the composite samples to the NFIC-C laboratory for
Nitrogen, Phosphorus and TOC analysis. Both the filtrate and the
unfiltered composite sample were preserved for shipment with 1 ml/

liter of H2SOM.

15



WASTE CHARACTERISTICS

Significant characteristics of the plant influent and
aeration tank influent waste streams are described below. A
complete tabulation of monthly average BOD, suspended solids,
and flow values are shown in Table No. 4 . Probability plots
of BOD5 and suspended solids concentrations are located in

Appendix A.

FLOW

Flow during the start-up month of January varied from
0.9 mgd to 2.5 mgd and averaged 1.74 mgd. Increased flow from
the brewery and the addition of the City of Williamsburg waste
in early April boosted the raw flow average to approximately

5.5 mgd for the last two months of the project.

pH

The 2L4-hour composite raw pH values ranged from 3.0 to
11.4, during the entire project, and averaged 6.3. The composite
pH values for the aeration tank influent varieq from 3.1 to 9.6
and averaged 6.2 for the project. At times very low PH (1.5 to

2.5) waste streams entered the plant but most were of short

16



LT

SUMMARY OF GENERAL OPERATING CHARACTERISTICS

JAN
RAW BOD 5 (MG/L) 512.00
PRIMARY EFFLUENT BOD 5 (MG/L) 258.00
FINAL EFFLUENT BOD 5 (MG/L) 12.00
RAW SUSPENDED SOLIDS (MG/L) 566.00
PRIMARY EFFLUENT SUSPENDED SOLIDS 117.00
FINAL EFFLUENT SUSPENDED SOLIDS 15.00
SUSP. SOLIDS DISCHARGED (LBS/DAY) 228.93
SECONDARY S, S. REMOVAL PERCENT 87.18
PLANT S. S. REMOVAL PERCENT 97.35
BOD 5 DISCHARGED (LBS/DAY) 183.15
SECONDARY BOD S5 REMOVAL PERCENT 95.35
PLANT BOD 5 REMOVAL PERCENT 97.66
INFLUENT FLOW (MGD) 1.83
INFLUENT BOD 5 LOAD (MG/L) 512.00
INFLUENT BOD 5 LOAD (LBS/DAY) 7814.24
TFL TOTAL FLOW THRU AER TANKS (MGD) 4.21
AER TANK BOD S LOAD (LBS/DAY) 3937.65
MLTSS (MG/L) 1800.00
MLVSS (MG/L) 1578.00
MLVSS (LBS. IN AERATION TANKS) 17227.10
BOD LDNG (LBS/1000 CUFT AER VOL) 22.50
F / M (LBS BOD/LBS MLVSS) 0.229
RETURN SLUDGE FLOW (MGD) 2.380
RETURN SLUDGE FLOW PERCENT 130.05
AER TK DET TIME AT FLOW 17.17
AER TK DET TIME AT FLOW PLUS RTRN 7.46
FINAL CLAR. DET. TIME 5.66
OVERFLOW RATE (GAL/SQFT/DAY) 137.87
ADT X MLVSS 27089.82
ADT X MLVSS / MG/L BOD IN 105.00
HP/1000 SQFT ASA 18.80
HP HR/MGD 3081.97
HP HR/LB BOD 5 1.43
HP HR/LB MLVSS 0.33

TABLE NO. k4

FEB

590.00
296.00
10.00

369.00
142.00
17.00

320.42
88.03
95.39

188.48
96.62
98.31

2.26
590.00
11120.55

4.62
5579.12

2311.00
2207.00
24093.93

31.88
0.232

2.360
104.42

13.90
6.80

5.16
170.27

30679.23
103.65

12,48
1656.64
0.67
0.16

MAR

547.00
346.00
12.00

276.00
100.00
17.00

267.96
83.00
93.84

189.15
96.53
97.81

1.89
547.00
8622.14

b.hl
Su53.86

2221.00
2088.00
22794.80

31.16
0.239

2.520
133,33

16.62
7.12

S.40
142.39

34707.17
100,31

13.04
2069.84
0.72
0.17

APR

556.00
330,00
24,00

259.00
119.00
58.00

2147.71
51.26
77.61

888.71
92.73
95.68

hoby
556.00
20588.45

9.69
12219.76

1316.00
1231.00
26877.78

34.91
0.455

5.250
118.24

14.15
6.48

4.92
167.25

17420.30
52.79

12.96
1751.36
0.64
0.28

MAY

471.00
329.00
17.00

199.00
153.00
14.00

704.06
90.85
92.96

854.93
94.83
96.39

6.03
471.00
23686.68

13.71
16545.47

2289.00
2127.00
Loubl.1L

47.27
0.356

7.680
127.36

10.42
h.58

3.48
227.15

22163.12
67.37

20.00
1990.04
0.72
0.26

JUNE

514.00
342.00
11.00

276.00
114.00
10.00

430.34
91.23
96.38

473.38
96.78
97.86

5.16
514.00
22119.68

13.53
14717.76

2051.00
1918.00
41877.79

42,05
0.351

8.370
162.21

12,18
4.64

3.52
194.38

23354.98
68.29

20.00
2325.58
0.82
0.28



enough duration that they were buffered during treatment. One,
however, towards the end of January 1972 lasted for several hours
and destroyed the activated sludge biota necessitating reseeding

the aeration tanks.
BOD

During January, both the brewery and the plant were in
start-up mode, therefore, the average plant influent BOD of 512
mg/l for this period does not necessarily represent full scale
brewery operation. The average BOD of the aerator influent for
the same period was 258 mg/l. The average plant influent BOD
for the first three months of operation, when only brewery waste
was treated, was 550 mg/l. The aerator influent BOD for the same
period was 302 mg/1.

The City of Williamsburg force main was completed in late
March and the plant started treating a combined brewery and dom-
estic waste on April 5, 1972. For the final three months of the
project (April, May, and June) when the combined brewery and dom-
estic waste was treated, the average raw BOD5 was 514 mg/1 while
the aeration basin influent for the same period averaged 334 mg/1.
COD

A complete analysis of the waste characteristics cannot be

made because COD's were not run consistently after February 23

and not at all after April 8, 1972. Available data indicates,
however, average plant influent COD concentrations during the

period when only the brewery was tributary of 1,575 mg/l in the

18



plant influent and 1,120 mg/l in the aeration basin influent.
SUSPENDED SOLIDS

Total suspended solids for the month of January averaged
566 mg/l- Aeration basin influent TSS for the same period aver-
aged 117 mg/l. Towards the end of the assistance project, when
a combined domestic and brewery waste was treated, TSS averaged
250 mg/1l in the raw influent and 130 mg/l in the aeration basin
influent.
NUTRIENTS

The BOD:Nitrogen:Phosphorus ratio of the aeration basin
influent averaged 100:10.2:1.8 for the project. Nitrogen and
Phosphorus were added to the screen chamber to provide nutrients

based on the recommendations of the consulting engineers.

19



OPERATIONAL CONTROL METHODS

The operational control procedures described below were
demonstrated to HRSD Williamsburg personnel during the NFIC-C
technical assistance project.

The series of operational control tests initiated at the
Williamsburg plant by NFIC-C personnel enabled plant personnel
to determine sludge quality, process status, and effluent qual-
ity during each 2l-hour cycle. The results of these tests were
then used to calculate process demands and operational control
requirements and t6 dictate operational control adjustments.

The tests that were used for control are as follows:

1. Settleometer

A settling test in which the mixed liquor
sludge interface level (settled sludge volume -
SSV) was recorded (in cc/l.) at 5-minute inter-
vals for the first 30 minutes and 10-minute inter-
vals for the next 30 minutes. This test indicated
sludge settling in the final clarifiers.

2. Centrifuge Test

A 15-minute centrifuge spin of the aeration
tank mixed liquor and return sludge samples per-
mitted a quick determination of the suspended solids

concentrations. Centrifuge test results were elso used to
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ds distribution ratios, check fiow
measurements, and other process relationships.

Depth of Blanket

Depﬁh of clarifier sludge blanket interface
below the surface of thé final élarifier was used
in determinating the:amount of solids in the final
clarifier, solids balance, and wasting fequirements{
D.0. Test

The diééolvéd oxygen concentration of the mixed
liguor was measured to détermine that aeration require-
ments were met.

Turbidity Test

Turbidity of the final effluent, determined by
the use of a standard photoelectric type turbidinmeter,
was used to rapidly determine‘the effedt of process
changes on effluent quality without waiting for the
results of conventional monitoring-type tests.

Physical Observations of Plant Conditions

' As samples for testing were collected, physical

observations of process features such as, sludge color,

amount of foam on the aeration tank surface, presence
of "klumping" or straggler floc in the final clarifier,
ete. were noted by the operators.

Flow Meter Readings

Flow meter feadings were also recorded as part of
the testing procedure for use in calculating process

demands .
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The above full series of tests were run three times per
day; at 4:00 AM, 12:00 Noon, and 8:00 PM. In addition, partial
tests in which the depth of blanket, centrifuge test results,
and the first 20 minutes of the settleometer test were recorded,
were run at midnight, 8:00 AM, 4:00 PM.

The results of the settleometer and centrifuge tests were
used to determine settled sludge concentration (SSC). The SSC
curve, which defines sludge quality, is calculated from the
settled sludge volume (SSV) and the concentration (in percent)
of the mixed liquor leaving the aeration tank (ATC). This is

expressed as:

1000 ATC
8SC = —=gw

I1llustrative settling curves (SSV) and concentration
curves (SSC) are shown in Appendix "C-7". The curve labeled "Fast"
illustrates a sludge characterized by rapid settling and compaction,
the curve labeled "Normal" illustrates a normal settling and com-
pacting sludge, while the curve labeled "Slow" represents a slowly
settling sludge with almost no compaction.

Trend Chart Plots of the process parameters (SSC, S8V, efflu-
ent turbidity) were plotted on two-cycle, semi-log paper at the con~
clusion of each full test series described above. An illustration of
the SSV, SSC and effluent turbidity trend charts for the period
from January 24, 1972 to February 21, 1972 appears in Appendix

"C-1,2&3".

By referring to these charts the operator could see the relative
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response of the process factors to the three main control adjust-
ments, 1l.e., return sludge flow, waste sludge flow, and aeration
intensity.

At the end of each day the individual test data were aver-
aged for the day and the psrameters listed in Table & were
determined. Three of the parameters, XSU, SDT and BLT were also
plotted on semi-logarithmic paper for use as trend charts to deter-
mine excess sludge wasting policy. A summary of the monthly aver-
ages of such parameters may be found in Table 5 and a list of
the symbols used in this table may be found in Appendix B.

Return sludge flows were determined on the basis of process
demands, i.e., after each full test series the operator would insert
the current value of the ATC, RSC, SSC, and CSF into the clarifier

t
sludge flow demand formula -

RSC - ATC
SSCt— ATC

CSD = CBF x

where SSCt = Settled Sludge Concentration at some sludge settling
+ e (8ST) to calculate new clarifier sludge demand (CSD). It
should be noted that when the excess waste sludge flow (XSF) was
zero, or XSF was minimal compared to the return sludge flow (RSF),

RSC and RSD would be substituted for CSF and CSD to yield:

RSC - ATC

SSCt— ATC

RSD = RSF x

For the most part, excess sludge wasting rates were adjusted

to maintain an approximate sludge age of 5 days. At times, however,
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DATE
TR

ATC
RSC
SLR
RSP

METERED AFI
R3F
nEP

REP/DSP
XSF

CSt

CALC. AFf!
TFL

ADT(AF1)
ADT(TFL)
COT(TFL)

OFR(AF 1)
SLU/DrY/C3A

ATC+ADT
DOB

LT

ASU

csu

TSy

ASL, CSU

RSU/DAY
RSU/GALtAFL)
RSU/GAL*ADT(iFL)

sDT
ADT/ DY

SAH
SAE

XSU/ DAY

AGE
ALG

SCR

LT & FC

JAN 1972
AVG

5.75
10.02

1.743

1.347

1.760
2.380
1.352

1.004

0.090
2.470
1.834
4,214

17.13
7.45
L.65

138.19
18.26

4L7.86

9.46
0.0540

0.0753
0.0042
0.0795
17.8046
0.2:85
L.1300
0.3692

0.4099
18.1849

22.749
0.948

0.,0080

8.82
8.36

1.751

1-1

TABLE NO. §

SUMMARY OF PROCESS PARAMETERS

FEB 1972
AVG

8.31
15.93

1.917

1.091

2.220
2.360
1.063

0.975

0.100
2.460
2.256
4.616

15.93

6.81
5.16

169.95
28.90

56.56

9.41
0.0590

0.1088
0.0071
0.1159
15.3217
0.3759
0.1667
1.1344

0.4348
15.6537

22.559
0.940

0.0159

7.27
6.84

1.086

l1-1

MAR 1972
AVG

6.98
11.93

1.709

1.6410

1.800
2.520
1.400

0.993
0.146
2.666
1.891
4,411
16.62
7.12
5.40

142.44
23.19

49.72

8.96
0.1040

0.0914
0.0098
0.1011
9.3588
0.3006
0.1590
1.1326

0.7367
9.6686

21.750
0.906

0.0174

5.81
5.26

0.826
1-1

2l

APR 1972
AVG

3.05
5.51
1.807
1.240

4.180
5.250
1.256

1.013

0.249
5.499
4.435
9.685

14.17
6.49
4.92

167.08
11.13

19.79

4.77
0.5230

0.0798
0.0444
0.1243
1,7965
0.2893
0.0652
0.4231

3.5207
1.8426

15.557
0.648

0.0137

3.06
5.87

0.966

2 -2

MAY 1972
AVG

7.08
12.45

1.758

1.318

6.090
7.680
1.261

0.956

0.275
7.955
6.034h
13.714

10.41
4.58
3.48

227.29
36.57

32.44

8.92
0.1080

0.1854
0.0209
0.2063
8.8511
0.9562
0.1585
0.7261

0.5075
9.0286

21.607
0.900

0.0342

6.03
S.42

1.003

2 -2

JUNE 1972
AVG

5.81
9.26
1.594
1.684

5.140
8.370
1.628

0.967

0.315
8.685
5.157
13.527

12.18
4.64
3.52

194,27
29,61

26.99

8.69
0.1310

0.1521
0.0196
0.1717
7.7604
0.7751
0.1503
0.6981

0.5848
7.9411

21,316
0.888

0.029!

5.89
5.23

0,855

2-2



it was necessary to adjust wasting to develop a different quality
sludge; thus in April, sludge wasting was reduced in an atbempt

to develop an older, higher density, better settling sludge.
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PLANT PERFORMANCE

Monthly average overall BOD reductions exceeded 95%
throughout the entire project despite numerous mechanical and
operational problems. Complete performance data for the period
from January 4, 1972 to June 25, 1972 have been plotted on
arithmetic probability paper on a month-by-month basis and can
be found on Figures A-1l and A-2 in Appendix A.

For purposes of discussion, however, the project data
can be broken up into four logical segments which corresponded
closely to the individual months. The four segments of the

project and the associated months are as follows:

1. Start-up and acid waste problems-=---- January
(only brewery waste - no domestic sewage)

2. Brewery waste alone--«==~--- February & March
3. Combined brewery and domestic wastes----April
L. Stable Operation Period----===~=-- May & June

START-UP AND ACID WASTE PROBLEMS

Since construction of the domestic sewage force main had
not been completed, only brewery wastes (from the recently

completed 2-million barrel per year Anheuser-Busch Inc. Plant)

entered the treatment plant during start-up (January 1972), and
>

for two months thereafter. Only one of the two aeration tanks
and one of the two final clarifiers were used to treat the relg-

tively low volume of incoming waste.
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Immediately prior to start-up, 65,000 gallons of seed
sludge from the HRSD James River Waste Treatment Plant were added
to Aeration Tank No. 1 that had previously been filled with city
water. Only three of the five mechanical surface aerators, set
at low speed, were operated, and the return sludge pumps were set
to discharge about 50% of the incoming waste flow.

On Day 1 (Tuesday, January 4, 1972) of NFIC-C assistance,
mixed liquor total suspended solids (MLTSS) concentrations were
in the 500 to 600 mg/l range and the settleometer test revealed

a rapid settling sludge (SSV. = 100, S8V o= 70). The Return Sludge

5
Flow (RSF) was immediately increased to more than 100% of the in-
coming flow. On Day 2, the two idle aerators were turned on, with
all five units remaining on the low speed setting. On Day 3, all
five aerators were switched to the high setting, thereby increasing
the oxygen transfer capacity approximately fourfold. Sludge settl-
ing characteristics and final effluent turbidity responded favor-
ably to these operational changes as evidenced by the first week
reduction in final effluent turbidity from 16 to 6 JTU.

Effluent quality did not improve during the first few days
of the second week. In fact, the turbidity increased slightly from
6 to 8 JTU. To build up the low mixed solids concentration, primary
sludge was being pumped to the aeration tanks. This practice most
probably impeded further improvement, especially when the volume of

sludge ncreased with the increase in incoming flow. On Thursday

this practice was discontinued and all primary sludge was sent to
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the aerobic digesters. Final effluent quality then improved
dramatically and the turbidity was reduced to 2.2 JTU by the end
of the week.

During the third week a plant upset occurred when the
return sludge pumps and the final clarifier mechanism failed.

The aerators were also inadvertently switched from high to low,
and control became difficult due to the erratic operation of the
plant flow meters.

On Saturday of the third week, the pH of the incoming waste
suddenly dropped to 1.6 as a result of a slug of acid waste acci-
dentally released from the brewery during a weekend shutdown for
maintenance and cleaning. This destroyed all biological life in
the secondary system and caused the final effluent turbidity to
jump from L4 to 60 JTU.

At the start of the fourth week (Monday, January 24th) the
idle Aeration Tank No. 2 was seeded with sludge from the No. L
Aerobic Digester and placed in service. No. 1 Aeration Tank con-
taining the acid mixed liquor was taken out of service. All pri-
mary effluent and return sludge was then rerouted to this sera-
tion tank. Process characteristics started to improve immediately
thereafter, and by Saturday the final effluent turbidity had been

reduced from 60 to 3.5 JTU. On Saturday the process was again up~

set by another slug of acid waste. Fortunately this acid slug was

less destructive than the previous and it was not necessary to re-

seed and switch aeration tanks again. Effluent quality was, how-
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ever, degraded almost as much as during the first slug, and by
Sunday the final effluent turbidity again increased to 60 JTU.
Even with these start-up problems in January, final efflu-
ent BOD ranged from 1.0 to 54 mg/l averaging 12 mg/l for the
month with an overall plant reduction of 97.?%.* Suspended
solids in the final effluent ranged from 1.0 to 52 mg/l averaging

15 mg/l, for a plant reduction of 97.4%. A summary of plant per-

formance figures may be found in Table 3 (Page 9).

As shown by the following, the average plant loading was
considerably below the theoretical treatment capability during
start-up:

lbs. BOD_/1,000 cu. ft. Aeration Tank Volume.... 22.5

1bs. BODg/lbs. MLUSS evvucncncncnonsennnnsanes 0.23

Aeration Tank Detention Time @ Flow alone€....... 17.2 hrs.

Aeration Tank Detention Time @ Flow & Return.... 7.5 hrs.

Final Clarifier Detention TimEeeesseerecosesnscs 5.7 hrs.

Final Clarifier Surface Overflow Rat€ee:eeeceoss 138 gals./d/sq.ft.

—— e el nlinil i - i - il -

Despite plant upsets during this month, the average mixed
liquor sludge settling and concentration characteristics were excel-
lent and the sludge blanket remained deep down in the final clarifier.

A complete listing of general operating characteristics on a
month-by-month basis is shown in Table 4 (Page 17), and a summary of
plant loadings and process responses for the four major project seg-

ments is shown in Table 6.

U — : centration - F.E. Concentration
* Overell plant reduction = Raw Concen Raw Concentration —
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TABLE NO. 6

SUMMARY OF PLANT LOADINGS AND PROCESS RESPONSES

HAMPTON ROADS SANITATION DISTRICT - WILLTAMSBURG STP

Line Jan. Feb. & Mar. April May & June L;S;We'ekt irv(e’i::
= W i Stable Operation o ojec
No. Start-up PBrewvery Waste Bulking 6/19 %0 6/25
Colupn Number 1 2 3 y 5 6
UNITS IN SERVICE
1 No. of Aeration Tanks 1 1 2 2 2 2
2 Fo. of Final Clarifiers 1 1 2 2 2 2
AERATION INTENSITY
3 Average H.P. 235 160 162 500 500 282
] H.P./1000 8q. ft. ASA 18.80 12.77 12.96 20.0 20.0 16.10
5 H.P. Hra./MGD AFI 3082 1870 1751 2139 2139 a3
6 H.P. Hrs./1b. Influent BOD 1.43 0.70 0.64 " 0.76 0.76 0.83
7 H.P. Hra./ASU 0.075 0.038 0.097 0.1 0.199 0.08h
8 H.P. Hrs./lb. MLVSS 0.33 0.17 0.29 0.27 0.27 0.25
9 Resultant Aeration Tank D.O. mg/l 7.3 5.8 3.2 y1 .2 5-1
PLANT LOADINGS (to Act. S1. System)
Metered Flows in MGD
10 AFT - Aeration Tank Influent Flow 1.83 2.07 .4k 5.6h 1.8 3.59
n RSF - Return Sludge Flow 2.18 2.4 5.25 7.9 8.47 4.70
12 TFL - Total Flow b.21 .51 9.69 13.63 13.31 8.29
13 XSP - Excess Sludge Flow to Waste 0.090 0.12h 0.249 0.293 0.352 0194
Unit Flow Rates in Hrs.
14 ADT - Aeration Detention Time at AFI 17.13 15.32 14.17 11.20 13.35 14.09
15 ADT - Aeration Detention Time at TFL 7.45 6.97 6.49 4.61 L.75 6.20
16 CDT - Clarifier Detention Time at TFL 5.65 5.28 .92 3.50 3.61 b7
17 OFR - Clarifier Overflow Rate at AFT 138 156 167 213 182 13
BOD5 - Aeration Basin Influent
18 Concentration (mg/1) 258 322 330 329 361 n7
19 Mass (1bs/day) 3938 5514 12220 15736 14863 9706
20 Aerator Loading (1bs. BOD/1000 cu. ft.) 22.5 31.5 34.9 45.0 h2.5 35.0
PROCESS LOADINGS (As Functions of Operational Control)
2 ATC X ADT/mg/1 BOD 0.166 0.165 0.060 0.091 0.06 0.121
22 Lbs RSTSS/1b. BOD 15.12 14.80 7.84 14.95 13.66 13.65
23 Organic Loading F/M (1bs. nons/ 1b. MLVSS) 0.23 0.24 0.6 0.35 0.37 0.31
24 RSP - Return Sludge Percenmtage (% of AFI) 130 118 118 2 175 131
25 SCR - Sludge Concemtration Ratio 1.75 0.95 0.97 0.9% 0.83 1.08
26 AGE - Sludge Age (days) 8.82 6.52 9.06 5.97 6.32 715
27 AAG - Aerator Age (aays) 8.36 6.02 5.87 S.3h 5.23 6.15
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Line
No.

28
29
30
31

33
34
35
36
37
38
39
40
L1
Lo
43
Ll
45

L6
L7
L8
Lg
50
51
52
53

54
55

TABLE NO. 6
{contd)

SUMMARY OF PLANT LOADINGS AND PROCESS RESPONSES

HAMPTON ROADS SANITATION DISTRICT - WILLIAMSBURG STP

Jan, Feb. & Mar. April May & June Last Week Project
Start-up Brewery Waste Bulking Stable Operation of Project Average
6/19 to 6/25
Column Number 1 2 2 L 5 o
PROCESS RESPONSES

Sludge Settling
88Vg (ee/1) 760 938 957 9h1 97k 91k
ssv30 (ee/1) Loo 746 794 778 872 712
8SVe, (ee/1) 363 615 650 660 T4 595
DOB (ft.) 9.46 9.18 L.77 & 7.87 §.35
BLT (% of CWD) 0.054 0.082 0.523 0.118 0.213 0.165

Sludge Solids (In Terms of Sludge Units)
ATC - Aeration Tank Conc. (%) 5.75 7.62 3.05 6.51 4.60 6.18
WCR - Weight to Centrifuge Ratio (MLTSS/ATC) 312 297 b33 335 bl 323
RSC - Return Sludge Conc. (%) 10.02 13.86 5.51 11.03 7.12 10.89
88Cgq - Settled Sludge Conc. at t = 60 min. (%) 18.37 13.43 5.32 10.k4s 5.86 11.87
SCR - Sludge Conc. Ratio (ssc6O/Rsc) 1.75 0.95 0.97 0.94 0.83 1.08
SLR - Sludge Ratio (RSC/ATC) 1.74 1.81 1.81 1.68 1.55 1.76
SDR - Sludge Distribution Ratio (ASU/CSU) 17.80 12.24 1.80 8.36 7.10 10.09
SDT - Sludge Detention Time (hrs.) 0.k 0.59 2.52 0.5k 0.95 1.05
STR - Sludge Detention Time Ratio (ADT/SDT) 18.18 12.56 1.84 8.54 7.31 10.33
SCY - Sludge Cycles (No. per Day’ 3.05 3.17 2.4 L. 66 .21 3.31
SAH - Sludge Aeration Hours (Hrs./day) 22.75 22.14 15.56 21.48 20.09 20.89
ASU to Final Clarifier {Million SLU/day) ©.105 0.158 0.135 0.367 0.223 0.222
Clar. Floor Loading (SLU/day/sq. ft.) 7.91 11.90 5.09 13.82 8.40 8.36

Sludge Solids (In Terms of Weight)
MLTSS  (mg/l) 1800 2265 1316 2183 2030 2000
MLVSS (mg/1) 1578 21k6 1231 203k 1908 1861
% Volatile 87.7 9k.7 93.5 $3.2 gk.0 93.1
RSTSS (mg/1) 3000 ko1l 2187 3531 2874 3379
RSVSS (mg/1) 2740 3724 2108 3246 2643 3133
4 vol. 91.3 92.8 96.4 91.9 92.0 92.8
sVI 233 329 603 356 430 356
SDI 0.43 0.30 0.17 0.28 0.23 0.28
ML Solids to Final Clarifiers (1bs/day) 27h72 39103 L8731 102683 819Lk2 59881

Clar. Floor Loading (lbs/D/sq.ft.) 2.07 2.95 1.84 3.87 3.09 2.26



TABLE NO. 6
(contd)

SUMMARY OF PLANT LOADINGS AND PROCESS RESPONSES

HAMPTON ROADS SANTTATION DISTRICT - WILLIAMSBURG STP

Last Week Praject
t
. . & Mar. April May & June of Projes Average
;::e g::rt-up . ll;:zweryM;:ste D\P;ng Stable Oper. 6/19 to 6/25 veree
Column Number
PROCESS RESPONSES
Effluent Quality 7 9.29
56 F. E. Turbldity (JTU) 9.79 6.76 2.9 5.0 2.3 1.5
57 F. E. BOD; (mg/1) 12.0 11.0 24.0 4.3 3,;7 1468
58 F. E. BOD; (Ibs. discharged) 183 189 889 685 Bk 2.2
59 F. E. 15 (ng/1) 15.0 17.0 58.0 12.2 3;9 6%
60 F. E. 7SS (lbs. discharged) 229 293 2148 574
Reductions by Act. S1. Process 91.7 %5k
6 Ban, %) 9.4 96.6 92.7 9.7 90.8 81.6
62 TSS %) 87.2 85.4 51.3 91.0
Overall Plant Reduction 1 91.3
63 BOD, (%) 97.7 98.1 95.7 97.0 . 0
5 9%.2 %.
64 ™8 (%) 97.4 9.6 7.6 gl



BREWERY WASTE ALONE
During the months of February and March, when only brewery
wastes were treated, effluent turbidities fluctuated widely in a
2 to 20 JIC range. One rise in turbidity, just after the start
of recovery from the second acid spill, was caused by an open valve
on the No. 4 Aerobic Digester effluent line which permitted digested
sludge to flow into the final clarifier, and thence to the aeration
basin as return activated sludge. This resulted in a mixed liquor
with a dark gray color. Other fluctuations during this period were
related to an overflow of digested sludge from the thickener to the
aeration tank and numerous mechanical and electrical difficulties.
Final effluent BOD ranged from 5 to 26 mg/l averaging 11 mg/l
during these two months for an overall plant reduction of 98.0%.
Final effluent suspended solids concentrations ranged from 5 to 38
mg/1 averaging 17.0 mg/l for an overall plant reduction of 94.6%.
Though the February-March two-month average incomiﬁg flow

increased 15% and the BOD. increased 40% over January, the plant

5

loadings were:

lbs. BOD5/1,OOO cu. ft. Aeration Tank Volume.... 31.5
1bs. BOD5/lbs. MLVSS.eaenroeoneenenss N e J¥=11

Aeration Tank Detention Time @ Flow alone....... 15.3 hrs.
Aeration Tank Detention Time @ Flow plus Return. 7.0 hrs.

Final Clarifier Detention Time...veeeivesesssese 5.3 hrs.
Final Clarifier Surface Overflow Rate.. 156 gals./d/sq.ft.
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COMBINED BREWERY AND DOMESTIC WASTES

During the last week of March, sludge settling became pro-
gressively worse and the sludge blanket in the finel clarifier be-
gan to rise. Since the additional load of domestic sewage was
anticipated from the City of Williamsburg, a second aeration basin
was placed in operation to use sludge dilution as a method to in-
crease sludge settling. This interim method worked for -about a
week until the system became so glutted with sludge that bulking
became inevitable. Even the addition of the second clarifier at
this time did little to improve the situation. Sludge was being
lost over the final clarifier weirs intermittently during this
period.

A sludge loss occurred even on days when the sludge blanket
was two to three feet below the final clarifier water surface be-
cause of the excessive velocity currents in the vicinity of the
weirs and around the submerged effluent pipe. Proper leveling of
the final clarifier weirs should eliminate this part of the problem
by providing uniform overflow velocities.

When waste activated and primary sludge were handled as des-
cribed on Page 5 of this report, problems were encountered. For
instance, when high sludge wasting rates were employed, the aerobic
digestion tanks frequently filled faster than the thickened sludge
could be transferred to the irrigation site. This would cause liquid
levels to rise in the tanks to the point where the aerator blades

would become submerged, overdraw amperage, and shut off. Furthermore
J
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sludge detention times in these tanks were minimal, at best, and
during periods of high wasting were insufficient for sludge stab-
ilization.

A more conventional and perhaps better method of waste sludge
handling would have been to waste sludge directly to the gravity
thickeners and thence to the aerobic digesters. This mode of opera-
tion would allow the sludge to be concentrated before digestion re-
sulting in a lesser volume of sludge to be aerobically digested.
Longer detention times would then be possible and volatile solids
reduction would probably be enhanced.

The quantity of sludge wasted cannot be accurately documented
because the meter used to measure waste sludge was inaccurate at
low flow rates. During April, however, a general effort was made to
increase sludge age by decreasing the volume of sludge wasted. The
return sludge flow was gradually increased from 3.5 mgd to 6.8 mgd.
These high return sludge flows (about 200% of the incoming flow)
were instrumental in increasing the sludge concentration ratio (SCR)*
from 0.8 to about 1.6. By the 25th of April settling was greatly
improved, no sludge was lost over the weirs, and the daily average
turbidity was again reduced to below 10 JTU.

During this period D.0O. levels were maintained from about 1.5
mg/1 D.O. to 5 mg/l D.O. Experience gained while operating other

plants since the Williamsburg project showed, however, that proper

_60 min. Settled Sludge Concentration(SSC
Return Sludge Concentration(RSC)

* Sludge Concentration Ratio(SCR) 60)
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dosages of ferric chloride and/or polymers can improve the settl-
ing characteristics of bulking sludges. It is, therefore, desirable
that facilities (feeders, meters, controllers and piping) be avail-
able at the Williamsburg plant for the emergency addition of these
chemicals when bulking occurs.

Final effluent BOD ranged from 10 to 33 mg/l averaging 24 mg/l
during April for an overall plant reduction of 95.7%. Suspended
solids removal in April was poor, however, with final effluent con-
centrations ranging from 3 to 300 mg/l averaging 58 mg/l for an over-
all plant reduction of 77.6%.

Plant loadings and detention times for April reflect the effect
of the reduced mixed liquor concentrations and the increased flow from

the City of Williamsburg as shown below:

1bs. BOD5/1,OOO cu. ft. Aeration Tank Volume...... 34.9
lbs.BODs/lbs. MLVSS . eeveueneoscavonncncennnanans 0.U46

Aeration Tank Detention Time @ Flow alone......... 14.17 hrs.

Aeration Tank Detention Time @ Flow plus Return... 6.49 hrs.

Final Clarifier Detention Time................ eees 4,92 hrs.

Final Clarifier Surface Overflow Rate............. 167 gals./d/sq.ft.
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STABLE OPERATION PERIOD

The final two months of the technical assistance project
(from May 1, to June 25, 1972) were characterized by relatively
stable plant operation. Effluent turbidities were generally
below 6 JTU and higher turbidities, when they occurred, were
almost always due to an overflow of digested sludge from the
thickener to the aeration basins.

During the first two weeks of May, sludge overflowed the
thickener weirs almost daily causing an increase in turbidities
and a general degradation of sludge settling characteristics.

In order to minimize this problem it was recommended that thickener
sludge blanket levels be recorded hourly and that sludge pumping

to the thickeners be regulated closely when there was danger of the
sludge overflowing the weirs.

When the above practice was adhered to, and process demands
followed rigorously, turbidities below 4 JTU were not uncommon.
Final effluent turbidities for the final week of Federal assistance
(June 19 - June 25, 1972) averaged about 2.5 JTIj. BOD5 and suspend-
ed solids averaged less than 9 mg/l during the same period.

Final effluent BOD5 ranged from 4 to 32 mg/l averaging 14 mg/l
during the last two months for an overall plant r=duction of 97.0%.

Suspended solids concentrations ranged from 3 to 37 mg/l averaging

12 mg/1l for an overall plant reduction of 94.5%.
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The higher influent flows in May and June coupled with the
increased return sludge flow percentages requlred to meet process

demands increased aerator loadings and lowered detention times as

shown below:

1bs. BOD5/1,OOO cu. ft. Aeration Tank Volume... 45.0
1bs. BOD5/le. MLVSS i eevenaronenns civesssesss 0.35

- A I ——

Aeration Tank Detention Time @ Flow alone 11.2 hrs.

Aeration Tank Detention Time @ Flow plus Return 4.6 hrs.

Final Clarifier Detention Tim€eeeeo... e o e e .es 3.5 hrs.

Final Clarifier Surface Overflow Rate eceecvvo... 213 gals./d/sq.ft.

i

PIANT LOADING

According to the engineers' design figures the total BOD5

loading to the secondary aeration tanks (4 tanks) was to be 40,000
1bs. of BOD5 per day; i.e., 10,000 lbs. of BOD5 per day per tank.

For the first three months of operation the BOD_. loading to the one

p,
tank in service averaged less than 6,000 lbs./day or about 60% of
the design load. With the addition of the City of Williamsburg
load in April the BOD, load to two tanks increased to 15,000 1bs./
day or about 75% of the design load for two tanks. Figure 2 is a
(-day moving average plot of BOD5 load to the aeration tanks in
1bs./day.
The aerator load (1lbs. BOD5/1,OOO cu. ft. of aeration tank

capacity) was well within the capabilities of a complete-mix acti-

vated sludge plant throughout the duration of the project. In fact
b

during the first four months of the project the average aerator load

(30.1 lbs. BOD/1,000 cu. ft.) was below the somewhat conservative
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10-States Stendard value of 40 1lbs. BODS/l,OOO cubic feet.

The increased load after the City of Williamsburg came on

line caused this value to be exceeded 73% of the time during

May and June for a mean of 47.4 1bs. BODs/l,OOO cu. ft. Figure 3
is a 7-day moving average plot of aerator load.

The organic loadings experienced at Williamsburg were also
well within the plant's treatment capabilities. The project
average was 0.31 1b. BODS/lb. MLVSS with January having the lowest
average F/M ratio of 0.23 and APril the highest at 0.46. April's
average was relatively high because of the decrease in mixed liquor
solids during the bulking phase.

Hydraulic loadings in the plant were light throughout the
project. This is particularly evident in the clarifier surface
overflow rate which averaged only 173 gal./d/sq.ft. for the project.
Figure 4 is a 7-day moving average plot of clarifier surface

overflow rates.

SUMMARY OF PLANT PERFORMANCE

The Virginia State Water Control Board has set final efflu-
ent discharge standards of 35 mg/l BOD and 20 mg/1 suspended solids
(monthly average values) for the Williamsburg Sewage Treatment Plant.
The monthly average final effluent BOD throughout the project was
less than the State certification value and except for the month of
April, when an average of 2k mg/l was recorded, the final effluent

BOD was consistently below 17 mg/l. With the exception of April,

* Recommended Standards for Sewage Works, 1971 edition.
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when bulking caused the monthly average of suspended solids to
reach 58 mg/l, the final effluent suspended solids were also
consistently below 17 mg/1.

Figure 5 is a 7-day moving average plot showing the rela-
tionship of aerator influent BOD concentrations to that in the
final effluent. Also shown on Figure 5 is the dashed line repre-
senting the State certification value of 35 mg/1 BOD. The small
hump in the final effluent BOD curve towards the end of January
was due to the acid waste which hit the plant during start-up.

Figure 6 is a 7-day moving average plot of aerator influ-
ent suspended solids and final effluent suspended solids. The
plot shows that the VSWCB certification limit of 20 mg/l suspended
solids was exceeded only during the start-up month of January,
for a short period during February (undetermined cause) and, of
course, during April when bulking was experienced. Analysis of
the BOD and suspended solids curves further indicates that final
effluent quality was more a function of operational control pro-
cedures (aerobic digesters and sludge thickeners as well as the
activated sludge system) than a response to variations in influent
flow and BOD loadings. Seven-day moving averages were used in
these plots since they tend to level out immediate fluctuations
and smooth out a curve.

Probability plots of final effluent BOD., andsuspended solids

p)

centrations and percent reductions were also developed to permit

k3
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more detailed evaluation of the effluent quality (See A-1 to A-31)-

A summary of this probability data is tabulated in Table 7 and 8.

Performance - Start-up vs Entire Project (Figures 7 and 8).

Figures 7 and 8 are of special interest since they show
the relationship of final effluent BOD's and suspended solids dur-

ing the start-up month of January to that of the entire project.
Entire Project Curves (January 4, 1972 - June 25, 1972)

The probability plots of all the final effluent BOD and
Suspended Solids data from January 4, 1972 to June 25,
1972 are labeled "Entire Project" in Figures 7 and 8.

They exhibit a wide variation in slope, which because of
the somewhat uniform aeration tank influent BOD and Sus-
pended Solids Concentrations (BOD range of 258 to 346 mg/l
averaging 317 mg/l, TSS range of 100 to 153 mg/l averag-
ing 125 mg/l), is indicative of changes in treatment per-

formance.
Start-up Curves (January 1972)

The BOD and Suspended Solids curves for January 1972 (Fig-
ures 7 and 8) display the same wide variation in slope as
the project curves. This variation is logical when one
considers the problems that were associated with the
Williamsburg start-up, for instance, the acid brewery
waste which killed all the aeration tank biota. The
steeply sloping portion of the January curves corres-

ponds to this acid waste period.
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HAMPTON

TABLE NO.

7

SUMMARY OF BOD 5 PROBABILITY DATA

ROADS SANITATION DISTRICT - WILLIAMSBURG STP

Probability % Equal

To Or Less Than Jan. 72 Feb, 19 March 72 April 72 May 72 June 72
Raw BOD 5 (mg/1)

50% 580 582 530 500 uss 514

10% 244 L60 280 290 280 324

90% 626 704 850 955 740 703
Aeration Tank !nfluent BOD 5 (mg/1)

50% 286 297 334 333 332 340

10% 150 254 283 273 256 254

90% 317 340 433 393 410 400
Einal Effiyent BOD 5 (mg/1)

50% 8.0 10.3 12.0 24,0 17.5 11.6

10% 2.6 7.2 6.4 18.3 9.0 6.3

30% 29.0 13.6 18.8 29.8 26.0 16.7
Secondary Reduction in BOD 5 %

50% 96.8 96.6 95.9 92.4 95.1 96.9

10% 83.0 95.7 9y. 0 91.5 92.6 93.8

90% 98.8 97.5 98.2 94.8 96.6 98.2
Overall Plant Reduction in BOD 5 (%)

509 98.14 98.2 97.8 95,3 96.3 98,0

102 91.3 97.6 95.6 91.5 92.7 95.3

90% 99.6 98.8 98.9 97.4 98.1 99.0



SUMMARY OF TOTAL SUSPENNED SOLINS (TSS) PRORABILITY DATA

TABLE NO,

HAMPTON ROADS SANITATION DISTRICT ~ WILLIAMSBURG STP

Probahility % Fqual

To Or Less Than Jan, Feb., 72 March 72 April May 72 June 72
Raw Total Syspepded Solids (mg/1)

505 335 336 270 255 186 278

10% 120 170 86 118 82 166

9Ins 1060 20 L60 415 290 389
Aeration Tank Influent TSS (mg/1)

s50Y 120 115 93 112 100 100

n% 41 (3 62 80 52 74

909 196 311 153 170 380 200
Final Effluent ISS (mg/1)

5ne 9 16 1L 35 14 10

10% 2.4 9 10 10 5 b.3

903 41 32.% 27.5 125 26 15.8
Secondarv Reduction in IS8 (%)

SN 91.0 85.0 82.8 71.8 86.6 91.6

10% S56.4 6N.% 4.7 43,6 71.1 83.6

ang 97.3 95.0 90.7 96. 4 97.4 95.7
Overall Plant Reductlon in ISS (%)

50% 97.5 94,0 93,7 85,0 92.6 96.7

1ng 88.5 90.0 89.5 58.0 82.6 92.9

90% 99.3 97.4 97.7 98.5 97.6 99.1
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Performance - June 1972 vs Entire Project (Figures 9 and 10).

Figures 9 and 10 are similar to Figures 7 and 8 except
that the June BOD and Suspended Solids curves are compared to the

project curves.
Entire Project Curves (January 4, 1972 - June 25, 1972)

The "Entire Project Curves," described on Page 46, are
also reproduced on the Figures 9 and 10 for compari-

son with the "Stable Operation Curves."
Stable Operation Curves (June 1972)

The curves representing June's data are straight and
do not exhibit much slope which indicates a more
stable plant operation. The reason for this improved
performance in June was the absence of mechanical
problems and the increase in operator familiarity with
the plant and control techniques. It should be noted
that the 50 percentile effluent BOD and Suspended
Solids concentrations for June were well below the
discharge limits set by the State of Virginia; even

the 90-percentile values were below 17 mg/1l for both

BOD and Suspended Solids.
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SUGGESTED PLANT MODIFICATIONS

The following are suggested improvements for the Williams-

burg Waste Treatment Plant:

CONTROLS

It is necessary to adjust Return Sludge Flow (RSF) and
Excess Waste Sludge Flow (XSF) to meet the process demands. The
plant operators at Williamsburg were severely hampered in their
control attempts since the appropriate meters could not be viewed
by one man while the actuating valves were being turned. There-
fore, two men were required to make the flow adjustments. The
job was made doubly hard because the waste sludge and return sludge
lines branched off a common header, and any adjustment of one flow
would affect the other. The installation of remote manual control-
lers for RSF and XSF are, therefore, recommended to enable one opera-

tor to make the necessary adjustments while observing the appropri-
ate meters at the control building meter panel.
SLUDGE HANDLING

Density sensors coupled to automatic control devices are

recommended to regulate the pumping of primary sludge and thickener
sludge. Minimum sludge volumes at maximum sludge density could be
achieved by the addition of automatic controllers, thereby increas-

ing the effective capacity of existing thickeners and aerobic
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digesters, and minimizing the deleterious recycle of septic sludge
to the activated sludge system. While greatly reducing the number
of man-hours needed for sludge control, such controllers should
also induce improved performance of both the activated sludge pro-
cess and the waste sludge disposal system.

Most important, however, is the need to accelerate the
construction program for the sludge disposal facilities discussed
in the Engineers' report. This sytem consists of centrifuging the
thickened sludge followed by incineration.

In the future, when the Williamsburg WTP hydraulic load reaches
or exceeds the true plant capacity, additional meters and control
gates will be needed to insure accurate balancing of flows between
multiple units. The recommended additional meters and valves in-
clude:

1. Control valves and meters on the mixed
liguor inlet line to each final clari-
fier.

2. Control valves and meters on the sludge
withdrawal line from each final clari-
fier.

3. Each of the valves noted above should
be provided with remote manual control-

lers at the central meter-control panel.
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Another automatic controller that should be considered for the
Williamsburg plant when operating at design flows and loads is

a one to proportion return sludge pumpage according to the vary-

ing incoming wastewater flow rates.
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SUMMARY

The Hampton Roads Sanitation District and NFIC-C person-
nel demonstrated during the six-month technical assistance pro-
ject at the Williamsburg WTIP that this plant when properly oper-
ated will produce an excellent final effluent when treating
brewery waste alone, or a combined brewery and domestic waste.
It should be noted, however, that during the first three months
of operation, when only brewery waste was treated, both organic
and hydraulic loads were light. During the final three months
of the project normal organic loadings were experienced but the
clarifier surface overflow rate remained low. Throughout the
project numerous mechanical and operational problems were en-

countered, but despite these problems reductions in BOD_. averaged

5
97% (530 to 15 mg/l) while reductions in suspended solids averaged
52% (320 to 22 mg/1).

Three basic problems predominated causing intermittent high

effluent BOD and suspended solids levels:

1. Acid spills entered the treatment plant during
start-up. Closer cooperation between brewery
and District personnel has prevented this prob-

lem from recurring.

>



2. Sludge bulking during April. This bulking sludge
could probably have been controlled more effect-
ively and rapidly by the application of coagulant
aids.

3. Unwarranted recycle of septic sludge from the
sludge disposal system to the activated sludge
process. This problem should be eliminated by
the addition of the proposed sludge handling

facilities.

Elimination of these and other identified difficulties
should enhance process control and further improve overall plant
performance and final effluent quality.

A prime reason for the success of this project was that
even though process imbalances did occur frequently, the demon-
strated operational control tests that were used to monitor plant

performance permitted such upsets to be quickly recognized and

corrected.
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RECOMMENDATIONS

The following recommendations are made in order that the
Williamsburg Plant may consistently produce the high quality

effluent of which it is capable:

1. The use of the full series of control tests
demonstrated during the NFIC-C assistance
project should be continued.

2. Return sludge flows and waste sludge flows
should be determined by process demands.

3. An improved method of sludge disposal should
be implemented as soon as possible to replace
the temporary compromise waste sludge handl-
ing system.

4. As the incoming BOD. load increases, the two

>
tanks now used as aerobic digesters should be
put into service as additional aeration tanks.
The first additional tank will be needed when
the average load to the aeration tanks exceeds

20,000 lbs. BOD. per day.

p)
5. Remote manual controllers should be installed to
permit proper regulation of return sludge flow

and waste sludge flow.
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Installation of automatic density controllers
should be considered to regulate the concentra-
tion and pumpage of primary sludge and thickener
sludge for more efficient sludge disposal.
Additional control valves and meters should be
considered to enable the balancing of flows
between multiple units when the average hydraulic
load approaches plant capacity.

Chemical feed equipment and piping should be
installed to permit emergency addition of metallic
salts and/or polymers to the aeration tanks or
final clarifiers to assure maintenance of satis-

factory effluent quality in the event of bulking.
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APPENDIX A

PROBABILITY PLOTS

JANUARY - JUNE 1972



PROBABILITY OF RAW BOD-JAN.

99.99

99.8 99.9

99

98

95

90

80

70

60

50

PERCENT OF TIME LESS THAN OR EQUAL TO

40

30

20

10

5

0.5

0.2

0.05 0.1

3
© © © © (i
© © © ©
= ~”™ o~ -

1/9% ¢ Saog uvy

PROBABILITY OF RAW SUSPENDED SOLIDS~JAN.

E
o
8
©
E
a
-3
2
<}
Wm
=)
[}
gf
o
[
e
wm
)
b4 7]
mmna. = "I ] ]
TT]3771T 1T -
: L mm
“ : e
i
T ,
1 BN 1 T 1 1 _,_ WM 1 ! ow
SS SRS i S SE=S = ]
b B B
= BasasEica: g
T ,‘, . =14
T TH <
AR RRSE R T H 8
S ﬁ T
w
~

t :

T T -
]
<
o~
3

S=s

1

JI

w
o o © o © o o
o S © S =3 © ©
@ ~ o n = ™ ~

T/9W ‘SAIT0S dIANAISNS MW




PROBABILITY OF RAW BOD-FEB

99.8 99.9

60

PERCENT OF TIME LESS THAN OR EQUAL TQ

0.05 0.1

2 g
3 s J‘Jg _
41 ) JIH_“ M
R Y p=d T
& it e =22 F 3 sESES Wii.,n‘
s it T - - L
1 P 8 ot NN A
It H w ey
%‘ﬁr[f‘ H T Hvi b
Imﬂu mm MAUM mgusy PEs t - . 8 [ =
[ Ty ] pas T -4 +
1T I || HET
Hir 4 B E R oy Resgas, s B =1
L * *
: (L I
1l w BREN .
MII: T Dm u °
suw = 9L E—a e
+ t Rt ") 1
J“ : o w. m
- 1 SSIEHEI ) 3 a
T « 8
[ & 2
o = IR :
223 mm m 2 13 : r
- & PR
T Hz0 B g
g HEE M @
A2 ® gbo -
1 B
Ty B T
3 o RFH , .
™ © ; w H_ .
g0  p sH s MAAAAS
i R e HEE
11 [5] -
HT 1 m“ n & 4 :
| , § 8
s e
ansl . g,
\
~ 2
i . ==t
T iR ST
T a .
ARIARRRRRS +_ THRRTH
il l : 3 ﬁ
L L1 LS : i 1 Shnsiaadin
IIIII 114 i SRR KILMHIHM IWH% EEESass T HE et m fH ,, ; * H5- wr MA i w
DT T qarien s SERRS NN O & o oE yunes
T T LT AN L
[l i LI s s i | )
o o © ° © ° © © ¢ o o o ° -
S 3 S S S 2 & e S 2 a e

Y -
1/9% ‘°aod mvd

L]

90 95

80

0

10 20 30 40 50

5

05

0.2



800

700

600

PROBABILITY OF RAW BOD~MAR.

[V
o
o

&
o
o

RAW BODS +MG/L

300

200

100

0.0

99.99

005 01 0.2

999 99.8

05

1

99

98

5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99

PERCENT OF TIME LESS THAN OR EQUAL TO

PROBABILITY OF RAW SUSPENDED SOLIDS-MAR.

95 90 80 70 &0 50 40 30 20 10 S 2 1 0.5 02 0.1 005 001
+ —F

pERSE

1

— -~

T
BEE

;
mERa=:

800

[Bfsessatasas
1
I
1
i
T
T
|

l
I

T
Y
T
T e
f
I
!
I

700

T

I

T

I

I
il
T

[
o
o

wn
[~
o

300

RAW SUSPENDED SOLIDS, MG/L
3
=3

200

100

[ERRERA]

ST

-

17
T
|

1

[

AW, T
T

H ) I {

it - I

0.05 01 02

0.5

10 20 30 40 50 60 70 80 50 95 9% 99
PERCENT OF TI™E LESS THAN OR EQUAL TO



A-§
PROBABILITY OF RAW BOD-APR, °

-

HITH

S

T

1

"

95 98 99

90

80

70

30 40

20

10

PERCENT OF TIME LESS THAN OR EQUAL TO

0.2 05

0.1

0.05

700

o (=4
(=3

v =
T/9W *‘Saod vy

300

200

0.01

PROBABILITY OF RAW SUSPENDED SOLIDS-APR,

98 B

-4
s
I 1
T
2
s
s
~
c
"
=
T
1 o
N : —
~ N
_ﬁ
T
o |
t * ;
w * ‘ T RN H _,
AREN NEREE it
It - + T H T
o | ] o Tt 1 -
2 b ﬂﬂl nage ey ! [Sows
TR 4 EEANE e 5552
Ry sna
i LT
e — -
H Sy ; Fo
8 t Y
1 'S
IR
pas md ;
=4 1 T T } w
m = IOy
Sy s
< T L
-3 T j gy o 5
T W 4 mumud badn
© 1 t o t T.%
w T . e + 4
T i
T e 1 T
3 =
S SEEEE t
- FH H T
e 1 T ~
t v
T 1
1 1.
o 1l 1 -
& SSESZFSEEE: 1 K HAE
T3 T3 13 1 i3 H
Ty S5 Ses ==
H - 1 Lvﬂ‘ ]
° :
L Tugsnssapegas ami TH
e pis IDuat i O
tetk -+ +
-
o M I [
4
17T %
INDE
- [BEE i
] ISR 15
[ jaas
- I
e FTIT i -
B il i
nam 1 :
}
e
ey
-
2 s -
- et
Flsssss=zas: R Y " 1t
5 FRRES SRR SR EN
)i ppos Ty
InEnan I o]
T 1] (s
_ | _ 111

9%

98

95

L]

70 80

€0

40

ki

2 50
PERCENT OF TIME LESS THAN OR EQUAL TO

10

T/9W ‘SAIT0S JAANAISNS MW




A-5
PROBABILITY OF RAW BOD-MAY

99.8 99.9

99

70 80

40 50 €0

20

10

5

D

0.5

0.2

0.1

(=4
(4

[T ]
T/9W

0

(-3

-

=
“Sgod Mv¥

300
200
10

0.01

PERCENT OF TIME LESS THAN OR EQUAL TO

PROBABILITY OF RAW SUSPENDED SOLIDS~MAY

95

899 99.8

99.99

998 999

B

90

Ll

10

60

40

30

20

4

50
_PERCENT OF TIME LESS THAN OR EQUAL TO

05

0.05 0.1

800

700

o o
o o

L -] n
T/9W ‘SAIT0S G

o
(=4
=

HANIISOS My

300

100



A-6

PROBABILITY OF RAW BOD-JUNE

6

9.8 999

99

!

1
T
1

I

0 T g

95

1991

8

INERN 1

70

TYITTT

60

T

40

T

30

50
PERCENT OF TIME LESS THAN OR EQUAL TO

) 8
H 1 #Lw
ﬁ W 22 .
i
disisi it .
. tr IBEERERAN
i , : izt
Sesl T3
T T
s
131 o 0 i i wn o oo e 0 A ¢ Nh; ‘vU - 3. v,J.HHW,“
. I - x‘f ‘Hi LITM
o [ -] o 00
g 8 E§ & & & =2
T1/9H +Saog MV

PROBABILITY OF RAW SUSPENDED SOLIDS-JUNE

99.99

0.0

98

999 993

Ny

9.9 993

]

95

{

90

EQUAL TO

an

eficeneor e 1es Wank on

5

0.2

0.05 01

800
700

© n
T/9W ‘SAI10Ss

-
adanNadsns mvd

0.01

200



2
[ g
I
o {
Sanes YL Ed.,
“He
bl
g
;
T
T
i
t
!
z T i ©
5 = Ty,
W 1 L 1 ..l'*l 11 MlV—I‘AgL
< EESESN P &
@ S ] T ©
2 i FET SHg &
Z HrH Ty &
= f % 1 .©
o T E83 emaaEn s
3 HH T
] (s A 2
FtEs i :
: e
& T T ] Tt s
[ . ¥ 1 T m
% i i . 5
r 9
& g0
e £
... g
e =8
m <]
v a
p w
N
N
-
3
g
3
8
-
; g
o (=4
3 e e e - ©
(2] r [ 4] o~ -

‘qod ININTIIT XAVAIN

PROBABILITY OF PRIMARY FFPFLUENT SUSPENDED SOYIDS-JAN.

0.01

99.99

0.2 ¢1 005

993 9.9

80

90

93 98 95

9.9 998

i
i

L

1

t

5

3

atie i i o

(2]

LUTTIEET

40

T
10

50
PERCENT OF TIME LESS THAN OR EQUAL TO

[~

[ -]

™~ w
I/9W ‘SAII08

800
00
300

©
P=3 .
" -
as

100

IANAISAS INSOTIdE XUVHING



99.8 999

99

A-38

PROBABILITY OF PRIMARY EFFLUENT BOD-FEB.,

T/9W ‘Q0o€ ILNANTd4d AYVWINd

&
w
S
&
A H
F:
s
| rm P
1=1- =3 (=3
| T 2
¥ T
T 1
L o
T ' ~
1 . ]
B
I a
s i
I "
e |
3
aa! e
i3
o
8
t
T o
: 2
t
| §
T
’ ]
|
f
]
vy
* 1
|EGSESRSS T B
jansy e B SEY PR
1+ H M y
B ]
i M
o
e TS
Fris
<
g
=
(=] (=3 © (=3 (=4 o
o o o e &
v WV = ” o~

PERCENT OF TIME LESS THAN OR EQUAL TO
PROBABILITY OF PRIMARY EFFLUENT SUSPENDED SOLIDS-FEB,

90

an

70

60

HY

40

30

20

- .

10

PERCENT OF TIME LESS THAN OR EOUAL TO

999 998

999

© n ” ~
T/9W ‘SAI'T0S ddANAdSNS ININTdad AYVWIAd

Ne
: , !
o Q“\, :
B T 1
[ 1 ! ,
! !l *
355 R
H E5E, s
HH s} ="
] b 114
1171 r Tiidw
; e
: AR
i 1] Tl
Ll i
i e
MW .W‘ ‘MTM
s i AR nailoh
i _m# H
_ ] )<
00.



PROBABILITY OF PRIMARY EFFLUENT BOD-MAR,

298 999

T

99 "

95 98 99

90

TR )

&0

0

N (I e b

60

40

30

20

10

50
PERCENT OF TIME LESS THAN OR EQUAL TO

5

0.5

0.2

0.05 0.1

0.01

© ©
o <

v
‘god ININT

=
433 AYVWIdd

PROBABILITY OF PRIMARY EFFLUENT SUSPENDED SOLIDS~-MAR.,

9999

001

959

”

R

,l

90

$9.9 99.8

89.99

£n

6%

S0

B
LESS THAN OR EQUAL TO

40

30

20

L)

\Nuil
a0

10

PERCENT OF TIME

5

0.5

0.2

0.05 01

0.01

1/9W

.

© o (=3 © =3
o © o © o
© wn ar bl ~
SAITOS JdIANAdSNAS LNINTIIE AYVWIdd

100



A-10
PROBABILITY OF PRIMARY EFFLUENT BOD-APR,

99.8 99.9

99

95

90

70

50

40

50
PERCFNT OF TIME LESS THAN OR EQUAL TO

30

20

qtr

P S
i

rr

-

{
¥

10

1=

B3

5

ay

T/9W Q08 ININTAdE AUVWINd

PROBARILITY OF PRIMAPRY EFFLUENT SUSPENDED SOLIDS-APR,

001

]

-

SR DO 6 Sy T S Bt IR

98 999

RV S

JESEEN DTSRI S

]
98

T
+

as

-HS
%0

80

0

€0

50

40

30

20

10

PERCENT OF TIME LESS THAN OR EQUAL TO

&

~ ©
1/9W *SAIT0§ AIANI4ASAS ILNANTIIT XIVWINd



A-11

PROBABILITY OF PRIMARY EFPFPLUENT BOD-MAY

H--

T
T

y

ot

[ Spoa

¥

T

P
<1

BEs

o

e ke aunp e o o o g agan

R

AT g

+
e aas

&
i

o

T

i

g N

%ﬁ ‘

-

L —

199

99.8 999

02

0.05 0.1

0.01

PERCENT OF TIME LESS THAN OR EQUAL TO

PROBABILITY OF PRIMARY EFFLUENT SUSPENDED SOLIDS-MAY

99.99

001

0.1 0.05

99.9 995

99.99

998 999

98

95

90

80

1
T
1

Tt
11

70

1

60

Il

]
JRENEANDEI

IO

40

30

20

1
H

i

11
Oy

10

50
PERCENT OF TIME LESS THAN OR EQUAL TO

LTI T T

Iaal

05

0.2

-

1

111

0.05 0.1

800

00

~ (]
1/9H ‘Sa110s

b=
(=4
[ 4]

daaNddsn

©

o
™

o
©
o~

LNIONTAIT XAVWING

100

0.01



A-12

PROBABILITY OF PRIMARY RFFLUENT BOD-JUNE

T _ T 3
I ] i T 1l
T I 1 I !
It T 1
H !
-
| | E
T i
T
« H -]
i T 3
; 3
]
E4
(]
WT
g
gk
&
1 1 % 1 i -
T : T + gy
sEmSpws maasE gl m
1 T sl
aamEan: T
L_A Tt ”ﬂ
Sl Pl
|
<
[T h ] m
; 1 o
t - e
T H e
- ]C
SpSsE gast S m
1 mm
ppbas ;i &
111 - 1 a
17T
RS AR hd
ik __
HHIRIN .
T i
Siehsann: Tl n .
SEERS Rad ik v th A s
SibgRsraadats; B8 sy ESEAR L],
o afsumann ; e
it i |
M | H | | | m : ~
i i ;
Aas=aEEED = 3
. ies H 4 = g
3
T ] |
| _ _ ﬁ_ { M
© © © © © © -
© =3 ©
b3 ® R b a 3

T/94 ‘dO

=
LNINTAII AAVWING

PROBABILITY OF PRIMARY EFFLUENT SUSPENDED SOLIDS-~-JUNE

99.9 998

998 999

99

80

70

SYNERE

By

4+
{1
avs)

50

43

30

20

10

PERCENT OF TIME LESS THAN OR EQUAL TO

— - HAE

T/9W ‘SAIT0S QIANIAdSAS LNANTIET XYVWIUd

on



99.99

001

[ER U I SR

0.1 0.08

3.8 99.9

02

0.5

99

98
H

95

5

10

10l B
80

)

1
1
)

99.8 999 99.99

99

90 95 98

80

A-13
PROBABILITY OF PINAL EFFLUENT BOD-JAN.

70

60

HH-

LH! T

+

H

:

ERENE

[

40

30

1
I
1

20

0

50
PERCENT OF TIME LESS THAN OR EQUAL TO

5

b=
<
2
<
3
8
o
=
< (-] o o (-3 %
. - . 4 » [
© o o o o (-]
~ w (2] & (]

T/9KW

‘gog INIATISAA TNNIL

60 50 a0 30

70

82

90

95

PROBABILITY OF FINAL EFFLUENT SUSPENDED SOLIDS-JAN,

999 93.8 99

=
) & L

20

JA D S

4 50 60 70

30

10

PERCENT OF TIME LESS THAN OR EQUAL TO

5

0.2

0.05 01

© (= (=4 (=4 (=4
7 6 5 “ 3

T/9W ‘SUIT0S QIANAISNS ININTIAIT TVNIJ

10

001



A-14
PROBABILITY OF FINAL EFFLUENT BOD-FEB.

93.8 99.9

95

90

PERCENT OF TIME LESS THAN OR EQUAL TO

80

70

60

50

Ll

30

20

10

5

05

0.2

0.05 0.1

o'%m

T/9W ‘008 ININTJIE TUNIL

PROBABILITY OF FINAL EFPLUENT SUSPENDED SOLIDS-FEB,

a5

90

§n

70

60

S0

40

30

20

10

PERCENT OF TIME LESS THAN OR EOUAL TO

5

(1

0.2

0.05 0.1

T/9 ‘SAITI0S dIANILSAS ININTAIT TYNIL

0.01



A-15
PROBABILITY OF FINAL EFFLUENT BOD-MAR.

2
- T T 4
i I i
Hoit T 11T
iy , : .
T n 1
T : t ;
f : o
“ NR AR d e
T SR 1 T i @
=
N ] 1 ngte
! I [IDARNEREE
T TTTT t T
T T Tt
I T 11 T
a1 T e —— .
: T T ; T e kd
[ 11 T T ]
- ; T
f : :
-3
: N HEERE
| |
T
; w
} _ , .
I Iu ; | ! }
- - I 7 Tt N
L] _x¥, I T g NEN T - L B _ s A
H A f o u B EN t i
Eaasssiidy - FHEHS NG T - M
T 1 ne H A S = : —
B it 1= = ! E St HEe g 1 +r T
el o R 134 B! - - 13 o -
T T + T @
HE —THIH +H Hot5 oy Y T t __
. i . - «
L1 4 . 1 : Tt )
7 = f —H R
. - :
T t hin X T
T T
Il (-3
T 17 m
1 .
! f ©
&= T : ]
1 | - T __ ]
o t 13 ; wL
S Eens T + T t
1 1 17 T 0 T I m
H AA. ,m 1 T =1
o
e T )
T T &
I N
; OW
t : s 5
a ] 1 1 3l
Tt T =
1 = T 3
i =L
1 il -1
[
|- a
N w
N
o~
i i ]
H 1 ] ! -
- T T
- I T
= n 1
I ]
IR o
o
) 1 b
3
w
3
3
g8
(-] [ =] o (=} (=] (= o°
. o . - . . .
o 0 o w o wn )
o~ - -

™ o~
T/94 ‘Q0d ILNANTIIT TVYNIL

PROBABILITY OF FINAL EFFLUENT SUSPENDED SOLIDS-MAR,

98

001

01 0.05

02

939 998 99

99.99

998 999

99

98

95

90

8¢

70

60

50

30

20

©
PERCENT OF TIME LESS THAN OR EQUAL TO

S
-
,
¢
H _ o
+ !
+ .I_LY_
I maang -
: T
[
{ n
. 3
;
1
o
. 8
-
=3
8
3
1
_ 3
© © © © o © © o o
@ ~ L' [T2] = (2] o~ L o

I/9W ‘SAI'T0S AdANIISNS LNINTIIA TUNIL



A-16
PROBABILITY OF FINAL EFFLUENT BOD-APRIL

i
It |
T 1
1
: o
_ i 112
i T i 2
1 [ H v
1 H 18
I T it
7
i o
: 2
k
i ] T %
|4 E
N S
H o e
I - | WT
T - T " =7
1 1* T 7 &
_ i 15
==t ! &
E & g
&
[S)
2
F H™ 2
= o <
: ef
= ) 20
A H 1.3
-l —+. wL
_— T .‘ﬂ
8 i HE
5
I i
g0
H ! 117 B
1 T - m
- H i mm
s
1= EER N 1 a,
4 4 T
H w
H ! iy
HE |
| | o
e T -
g ] | Eassiiass
] -
: : gESERsEEE:
i,
3
N
L g
_ -
e _ I o (e S
Fitr +HH T w
Q
- i o
3
o o oo
° S ° < : . :
wn [=] ["2] [ =] o v (-]
e = ~N ™ -

1/9W ‘Qo€ INANTJIIT

PROBABILITY OF FINAL EFFLUENT SUSPENDED SOLIDS-APR,

0.01

90 80

999 993 99 95

99.99

0

60

Ao

50

11t

40

30

IRPEEE ANRSE

Lo

[

20

10

PERCENT OF TIME LESS THAN OR EQUAL TO

}

i S -

[EaN

4+

i

{1

0.2

IS B8
0.05 0.1

I

™ L)
T/9W ‘SAI'T0S QdANZASAS ININTI4d TYNI

00.01



A-17

99.99

T/9W ‘Qud INIOTIAR TINIL

1
B
T
EEEESE PEEE T
=B EEE R e t o
3
=
3
[
T T : T !
' P e
I=pegske . ERR g Eaa s,
T T T T 8
T 4414 T T .
FH R 1T H T 1 REn -
2
2
N Hol+ o
m Ex i B
} s u
i :
g
S = ., g
; &
m T (=]
4
m - ]
3 °E
3
2 b
"
g wm
|
[N g
o) &
W By
1 8C
[
5 B
| ¢
: =g
g a
&
-
~
: ]
I
«
3
i
o
3
_ 3
i g
1 3
g
© © =) =) © =) © =
- . . . - . . -
n © 0w © n = n )
= " ~ N - -

PROBABILITY OF FINAL EFFLUENT SUSPENDED SOLIDS-MAY

98

001

0.05

0.1

S0

99 95

89.9 99.8

99.99

L
518 i

S
i

998 999

T
R

i

i
T

99

47t

93

95

LD

I/9H ‘BAITOS AIANAESAS INANTAIHL TUNITJ

o
s [
ol
i u
e 8
g 3]
i1 &
-0
o =
s\
@
Jow
Tu
: w.m
1
o Had
e L ek i m
e T e e Egsans banil
; Ed el s, sheces SN
o
- HH &
‘— B} st
'
it | ,
T 1T -
A g
3
~
P
T -
a3 S
: ]
g
3
J
o o [ =4 [ =4 (=4 ©



A-18
PROBABILITY OF FINAL EFFLUENT BOD-JUNE

95

90

80

70

60

40

30

20

t
-+

[N B

e
BEOSE RIS B

10

t

T

50
PERCENT OF TIME LESS THAN OR EDUAL TO

; *"‘4" T

05

T

L1

L
[UBE) N

1]
0.05 01 02

1

1

———
1

0.01

70,0

1/90

‘god LNINTdJE TYNIJ

20.
10.0

PROBABILITY OF FINAL EFFLUENT SUSPENDED SOLIDS~-JUNE

9995

999 99

9%

9%

50
PERCENT OF TIME LESS THAN OR EQUAL TO

80

70

50

L1

30

20

10

0.5

0.2

0.05 0.1

00.01

o © © © (=3 ©
7 6 5 ' 3 2

1/9W ‘SAIT08 AIANILSNS INANTAJE TYNIA

80
10



A-19
PROBABILITY OF FINAL EFFLUENT BOD-PROJECT

g B M
2 3
S
U RN L E [T !
i i T K Tt ! :_, | ! . I L _
mdnenm . - g : i
- - T 3 : . - !
H m_M:.u = = 1 : . 1 == P CHT P masms gES ﬂfy -
IRSREEREE] i T T T 2 s T T s
- , - , FH te o
: J ~ ; ! ]
| ¢ S © | | | HES
LD T w i i I i ! i
SSSESEREE H : “ . il : THT
: 1 " ; ) I I < : 1 N -
o : o ; ! o e Tk
aSgsEanss S S : sSgsmdmnas 5 Ha SESeaiae A sESE Anskazasadzaanl dRSEE
T T 1 1y 11 T ] ael T I kg - T T — =
H ¥ -} il HTT T " 11
H+ HE = - I Ea e e 1 e ' ; B AT
amad S e I " = ~ e
N g (L
I T I T n | ' h
| i L ! 4 AEUSERN
: 1 j INEii i e m i _ L "
; [NREERERES T ! 11 o I l . A T Ha
F T N NN RRR] REYNANERREANEN ! [N EEARY RO = i
C H- HHH (R AN AR T w ! ; i 1 Fe
ang WH_HTV‘IIVV!! g o 1 : N BN - a : T ~ : S5
. t = 10 S — - 8
] T : 3] &] o O CIpIs T
: o Hrvl CEEEES SEgEEENY S Sise= kP ad ; == e
ﬂ s Fro 17 * . 17140 T
! ]
2 g HE e
& m T a8 w
-3 FH- ! s 1
o a S ; : e Ee T e
3 i N o
35 Bt e 58
E = b e T m
4 o L e
SS m SHM 1 m II.:T
0 =} FL I I 1113
ww Lmllq - h Hewy
ol e R e
88 W eHn 8-
- b
S R g
s Espis 5
e
[~} [T === T &
sy
& =
£ © fPHEEE e ©
= Ll mun T lllwm
g B Qb : A &
2] 3] 1 o
AT« I &
H ]
a Iy
a
- g3 -
&
- 2 ! -
I " - t
] 1 n s 1 a
] o o
3 g _
= @
s E
g
3
3 2
=) ) © © © © (=3 £ =) © © © © o ©
. - . (] . . . . . . - 3 - . e
© (=3 (=3 © © =3 © © (=3 [ © © o = o
I N = ~ ~ - - @ - b4

~ ©w L =
1/9W ‘008 LNIOTd4d TUNIL T/9W ‘SAITOS dIANIASAS INANTIIT TYNIJ



A-20

PROBABILITY OF SECONDARY REDUCTION IN BODS-JAN. 72 g

100

T T T

! T =
T

h
LT

98

Y {1

96

94

92

90

SECONDARY REDUCTION IN BODS, PERCENT

86

83

OFHTH

-1 T H

82 HH H

1T
0.01 005 0.1 02 05 1 2 B 10 20 30 4 50 60 70 8 90 95 9% 9 99.8 999 CL)
PERCENT OF TIME LESS TRAN OR EQUAL TO

PROBABILITY OF SECONDARY REDUCTION IN S.S.-JAN, 72

100”.99 999 95.8 99 98 95 90 80 70 60 50 40 30 20 10 5 2 1 0.5 0.2 0.1 005 0,01
41 14 i

T
1 r
17

T
T
1
1

90

-4
o

~3
o

N
o

w
(=)
1
va

&=
o
-

SECONDARY REDUCTION IN S.S., PERCENT

e

30 )

20 : — . -
: SR T i -

jas

7 i L T AT -
10 ‘ - L1 l fesl Saalind I

0.01 005 01 02 05 1 2 5 10 0 3 40 50 6 70 0 90 95 D) 99.8 999 ne
PERCENT OF TIME LESS THAN OR EQUAL TO




A-21

99.99

& 3
s © _
j
g SEmsyans
T o -
1] g il LN &
- : ; -
“ [ ° SNINEN &
AN_ e e
RESE o ST ; HH A
- 3 J LN 1 T il
pmupby 313 ; 1 - T T t ot HE R -
i t - - ES
L -1y BN 0 T T = { j_,:l.lyL
nuﬂ { T P e
i il
=~ i Q e
Hr 8 | m i
2] 8-5 1 T
& A B [ ' I .
n". jaug o o T HAT mO..
m.. . & ..mlllu s . {
oy Y T 5] w0 1 1 T i
w “T 3 ,M ; m K f-wj Hr F + 2
I =y n e
1 Q L \ I — 9
z H: e M Z of N om
- ﬁrL 1 = nR -~ A R =
-] 1 ! EEENY AN YA o
- Jss “H;H% ] O Z I8 Vi o
I T:J,, i TR N8 mm
[ RRE R m '
O R EF 717 3]
=B e mm: i 2 =3 13
g " Lfla : [ m + w
B oAb s z= gy &3 e 28
y i JENEHE 5y i -
m e SEEEEE : : wm mW%ﬁ mm
I I EEs e -
e wr .T M T Mm.u mm Mn
o b Fer ui T : Q
“ i 11 I [ ® [
= 3 g ©g g©
B =1 'Y
c : m © m
B H =8 Bs =g
5t 4 &
= | I =
e - Az -
-] m J
g g
[ - Pn o
- o -
3 3
3 F "
- o -
T < 8 S
s g
- 2 -
o - ~ o « o = ZM % © © o © © © o © DM
) o o -3 « [ [ @ .Ol o [ ™~ w wn - ™ ~N -

INIDTEL -mﬂOﬂ NI NOILOOGIY AHUVANODIAS INEMAd ‘°S3S NI NOILONAZY XWVANODRS



A-22

PROBABILITY OF SECONDARY REDUCTION IN BODg=MAR. 72

®
8
o
E
-
g
: 2
t SES2
]
il
1l
IREN o ERNERE P
; AR SEE RN
|
HH o
s S etase P
HEH o 9
suy 1 w5
L: T Tiarra] &
=] s : L%wwE
- 1
Jﬁﬁvﬁ ] &
T FHbet | ©
°
4 ~Z
[} ] T pREEN
= H I H Imm
w
e 17
HHH =
masazas Ml
i
ol
R suss e
B
A mo
SaREs s Fi m
! 128
[ I
I o
1 L
1 - w
|
N I
d ;
ne
T
aa )
HH3
EAERANREY
: S
RN -
- o 3
: o3
-3
3
3
= ~ [~ [ 0 = o
- INIRFId °7q0od NI NOILONAIY XYVYANODAS

PROBABILITY OF SECONDARY REDUCTION IN S,.S,=-MAR, 72

0.1 0.08

998 99.9

02

9

w &
B {
IR 1 o
5 1 1o B¢
HH T ®
] : i g
- t s IWHm 1 &
s 2 < it EL
1 | &
2 - &
T et m
-4 A . Mxﬁ = “rp t ?m.OoT
B i, W
=T - T Sm
T -
— e
T ]
(1) X
sH
5 K 2l
disss e
) EEEEEH L HEAE ] M
R &
== Jay
-t mm
DU
1 a
-
H
= i | n
4
]
3
. L H
8 - a
o 1] ] i -
& T 1] w BEES EZRE: =
L T ]
s
8 o
”0 [~ © 3
1= © o
e o ©® ~ 3 w S a S e

INADYAA ‘°S°S NI NOILONAAY XUYANODIS



A-23

PROBABILITY OF SECONDARY REDUCTICN IN BODS-APR. 72

§9.99

89.8 89.9

99

98

JHE

I

[r

90

4

1T

M

i

0

Ny

|

70

NARENENE

60

H

au

HiH

50

40

T
1

30

20

10

PERCENT OF TIME LESS THAN OR EQUAL TO

0.5

005 01 02

(-]

L -d = ~ o [ -3
L] L] [

)
LNIOYId -mﬂOﬂ NI NOILONATY AYVANODIS

86
8%

82 o0

o ed
7

PROBABILITY OF SECONDARY REDUCTION IN S.S.-APR,

0.01

99.99

898 59.9

11

Hirk

iR

I

HH
RS

30

i

7

(70T

2]

40
I

50

50

40

60

70

30

20

i

o

ana

10

PERCENT OF TIME LESS THAN OR EQUAL TO

95

98

02 05

0.05 0.1

10 o".’s

90

©
~

INIJWHA ‘°S°S NI NOILOANGAY ANVANOOHS



0.01

-t —]

0.1 005

I RIS N

02

99.8 99.9

..

0.5

H-
n

,_1

L] +>—

98

95

T

10

90

T

{

jadi

ai

Lt

T
1

80

1

11
1)

H—+-F
HH-FHH

punumd
1
e,

70
30

A HIHH

1T

|

jesapans

60
40

T+t

Bt
T+ F

AH

50
50

-+

A-24

o

40

30

20

L

b -

TR

i

L

|

B+,

2ia]

10

H
10

THOHLT

T

PERCENT OF TIME LESS THAN OR EQOUAL TO

B Ess i

-

95

R

PROBABILITY OF SECONDARY REDUCTION IN S§.S,~MAY 72

PROBABILITY OF SECONDARY REDUCTION IN BOD5 [IPTVN

T

99
TITT 1
i

198 muRds

jgol

1

05

+—+

0.2

0.2

0.05 0.1

0.05 0.1

— 3+

——

0.01

96
84
82
100”2
90

INEO¥Ad ‘°S°S NI NOILONAEM AMVANOD
INZO¥ad ‘Sgod NI s

10 0.01

80

i

aQ©

PERCENT OF TIME LESS THAN OR EQUAL TO



A-25

PROBABILITY OF SECONDARY REDUCTION IN BODg-JUNE 72

4 —[4H

Sin milaiatal baki)

e
l

-HH

-4

HIFHH

1

959

99.8 999

99

70 80

30 40

20 50
PERCENT OF TIME LESS THAN OR EOUAL TO

10

5

0.5

0.2

0.05 01

& o~

o o
ZNFOudd ‘Saog NI NOX

[ =2
o

Io0AdE AYVANOOIS

84

82

001

PROBABILITY OF SECONDARY REDUCTION IN S§,.S,-JUNE 72

0.01

99.99

il

02 01 005

99.8 99.9

0.5

n

: T
L Hi
By

99

HH

44
1

s}
T

10

T ] ®
J L S A R

]

= { m

g B

&

°

.mm

1 wm

s 8

41

B WL

: g

m sg
1 I

&

]

[

2 s
%K.l i3 ~N
= ; E
8 _ “ 1 -
b : ] i H- HH

1= " -
t t 1
i !
: il
o
g .
n
—v
8 _
g
[=4 [ ] [ =4 [~ o o o
10! (-3 -] ™~ L"-] wn =
INAOMEd ‘°S°S NI NOIIONGMM AHMVANODES



A-26

ABILITY OF PLANT REDUCTION IN BODE-JAN.

PROB

99.99

99.8 99.9

95

90

80

70

[

50

4n

30

20

L
10

PERCENT OF TIME LESS THAN OR EQUAL TO

5

[

0Cs 1

001

LNIOYdd +Sgod NI NOLLOOQTM INVId

72

FROBAB1LITY OF PLANT REDUCTION IN S.S,-JAN,

0.01

9999

02 03 005

w
o

R S .

93.9

998

:
!
AT P

B SR

i

80

T

s
il

T T I

0

B0 BuuR )

-

n

4

- -

i
i
|
i
[

i
|

e e
!

93

70

e

<

)

3

e

974 93¢

_fﬁ,_:f

=

O R

1

'

LNIOudd

‘*S‘S NI NOILDNQFY JINVId

2
@

84

W

PLPCENT OF TIME LESS THAN OR BOUAL.IQ

005 01 32

ol



A-27

1 ¢
[T RN
BOb 11
T
= iz 5 = O
i t2 jrodan ot avem e o b gn b - o
ilid 11 i g
ISR SNENA RNl i } ©
I ] A g
A A i
AOUNNSSSY PRSRE N n
S REERce el RE R Ea= 107
=EaiEies Rl Ein: el BEnEE ! T -
SEFEpuSSEY pENp! T T 1 T =
- EREEE B RS RENA T T r
e R e Heh
_ ”
11 - - - *#\ [l
1 o
1] T Lie
a1 T 1a71] )i
L 1 w
—38
2
o
2

50

40

30

20

PERCENT OF TIME LESS THAN OR EQUAL TO

10

PROBABILITY OF PLANT REDUCTION IN BODS-FEB.

0.5

0.2

0.05 0.1

0.01

& o~ [ =4 © w =
(-} (] (-} © -]

INZD¥Ed *Sgo8 NI NOILONAGZM LNVId

8
82

PROBABILITY OF PLANT REDUCTION IN S5,5.-FEB, 72

8 . &
s ; %
LT T

) Enahsnnd T

Pl smnaaw [Ee. - 5 77

S+ B+ EEmEa s SRR
EESMRIESEETSests SRR T e -

o T ”.
L L] i 1 JERRARERIN

o =

s E

T I Bl T
-
=1

98

5

70

60

4

30

20

10

50
PERCENT OF TIME LESS THAN OR EQOUAL TO

5

0.5

99.9 99.8

0.2

0.05 6.}

9 01,99.99

98

o~ @ ©
o0 (-] (-]

INIOYAd ‘°S*S NI NOILOAUAM INVIJ

82 0.01

84



A-28

PROPABILITY OF PLANT REDUCTION IN BODS‘Wnno

nY

9.8 NI

98

9%

90

8L

70

o0

0

M

an

kI

0

10

5

02

1]

0.05 02

100

-
Lo
, ,; i

(-2 (-]
INZO43d ‘Sdod NI N

.

[ =4 [od
[, L)

OILONAdY INV'Id

820.01

PERCENT OF TIME LESS THAN OR EQUAL TO

72

PROBMABILITY OF PLANT REDUCTION IN S.S.-MAR,

9.9

998 939

R s R SRS

59

93

5

90

80

7

-

50

JRETS U I
JDV

30

25

10

PERCENT OF TIME LESS THAN OR EOUAL TO

Eilj..
. * !
.
| I
| Y
o
bl
L

, |

L L]

o
LNIOYdd ‘°S°S NI NOILONAZd LNVId



A-29

PROBABILITY OF PLANT REDUCTION IN BODg-APR.

2
2
— T i &
! [SERRNNENN, i
. il NEAN ] i
1 : ] B
i i R 1T
4443 T 1 LAY S
H LEEE creneRa Ry EE SRS R .
(ER FERE i3 Z3 2
2
I - BRny -
. o
2
EEpuY ;
puERd
37 Hpbe pi =5 P
i =)
111
i wl.fmu, -
; 2
1
"
2
“
T .
SRk jEny pun
i siResicE :
e EENEEEES ; -
: : 2
: T T
1, 1 KEwuD T
i — ! i
. }
: i g
B f T
5 T e
iR ! A o
3 ; e
] T T
Seett 1 8
W T
T o
o= -
T T T )8 T
o T :
)| 1} 4 { W-
=3
! ]
3 !
sez=m
BRE e
°
N
M
S
II o
-
“
S
~
- 3
T o
o
A». w
]
3
-
=1
&
& o~ o = -] = o~
o o o © © o ©

LNIOUAd .mﬂOﬂ NI NOXIIONGEN LNVId

PERCENT OF TIME LESS THAN OR EQUAL TO

PROBABILITY OF PLANT REDUCTION IN S,.S.-APR, 72

g &
° 1 _ _ Ik
! |
2 : 7
HT T o
s T mit]
~ 1 =
P TIn gk
SLTI AA‘“M “
@ T :
~HE T ]
T panpEarybRl; !
Sumannm il Il i
~H — 1 s
w . a
5] ERRENBEASE
aNuk ] ©
12 B
-4 - T 2
& faEsy Ras &
f==svess SEessayEeeeit; g
ol.”w r\mlﬂllu‘l “ 33 =EESERS E=xos m E
~ Il
L T ol
i .©
8 N 7m
S aae a 13
1 -
g - H= 34
3 Y
8 e
¥ o4t
£=4 1 hin ”m
e
[
M pat i i Ii“o
Y 133 i S ]
4 1 wm
i
] “ -
. I "
3 iE -
i 3
a -
s ]
] 1 2
& SEFREISE=E 1
HHETHe
Q
1R
1
4 -t
e 1l
© o
3 & * ~ s ] =4 : H e
INIEEL *°S°S NI NOIIONATY INV'Id



A-30

PROBABILITY OF PLANT REDUCTION IN BODS-MAY

99.8 99.9

99

90 9s 98

70 80

60

40

50
PERCENT OF TIME LESS THAN OR EQUAL TO

30

20

0

~-MAY 72

PROBABILITY OF PLANT REDUCTION IN S.S

0.01

998 999

s
T

b
it

1

1Rsa g

=

H

95

90

| ]

0

50

40

30

10

05

02

0.05 0.1

0.01

PERCENT OF TIME LESS THAN OR EQUAL TO

e

wn
«©

INIOWAd ‘°S°S NI NOILONQAY LNVId

&
o
LNIOddd ~mocm NI NOILONQHY LNYId




A-31
PROBABILITY OF PLANT REDUCTION IN BODg-JUNE

99.99

2 s o
T T P of !
T T - |
: ", N - T L . ,
i ) .- - JRPUST NS S B — X
. JEUUR I (N G RN G IR | U S vl - 1 i
B u“, T T T ,f 2z \v \J\ B w M i m m
| j - , , T | :
R S DU S N G BN - B = o : — -—- &
) i T ) Y
- ; :
i : - - 2
i — B
: s - ]
TN )L |
| i i e i i B oL ~
H AR AR R Pl 1T, ~ 8
‘ -1° ©
‘ . g <}
1 : : _ x‘om w %T
— =17 5 f e
- a 0 =
N s @ g
J ﬁ L e
o | | L7 =z -3
: St o = 2l
, o - - R
' oo & o REn <
W R = T N
A t " = 2 m& 71
e =1 unsl M (7]
: . 20 a ERE m%
| Al W Ea==yl
,_f W MUL e % -
- s &
, | g = 2
: I o H 3
} 2 = [ ]
| m | = .
! By
; g© 5 ]©
et — g2 E
| [5] > [5]
| =2 A o
< ; 2F a %)
o) | % &
h i | a 2
_ | o
i t re)
S | 4
. a
T
1 n
AW Il
h i
P -
i : -
i : o
&
il A = g
S &
[=] = o [ =3 «© o
= o~ [ =) @ [T = o
o o o © © ) © hed o o o © ©

INIMId ‘°S°S NI NOILOAAIY INV'Id

100

LNIOWdAd .mQOm NI NOILONAIY LNVTId



APPENDIX B

SYMBOLS AND TERMINOLOGY
USED IN

ACTIVATED SLUDGE PROCESS CALCULATIONS



AAG
ADT

AGE

ASU

ATC

AVF

AVG

B-1

APPENDIX B
e e =

SYMBOLS AND TERMINOLOGY
USED IN
ACTIVATED SLUDGE PROCESS CALCUIATIONS

Aerator Age (Days sludge under aeration)

Aeration Detention Time (Hours - based on
AIF + RSF)

(Sludge ADT will differ from Sewage ADT in
"STEP" operation)

Aerator Flow - Influent
TMGD of Wwaste Water)

Calculated Sludge Age (Days)
Aerator Sludge Units

Aeration Tank goncentration
1% by Centrifuge)

Aeration Tank Volume (Cu. Ft.)

Aeration Tank Volume (Gallons)



B-2

BLT Clarifier Sludge Blanket Thickness
(Either in feet, or fraction of CWD)

BLV Clarifier Sludge Blanket Volume
(Either in gallons or fraction of CVG)

BIX Clarifier Sludge Blanket Index

BOD Biochemical Oxygen Demand

{5-day - Unless stated otherwise)

CDT Clarifier Detention Time
({Hours based on TFL)

CET Clarifier Effluent Turbidity
Tin JTU)

CFI Clarifier Flow - Influent
{TFL - XMF in MGD)

CFO Clarifier Flow - Qut
TCFI - CSF in MGD)

CMC Clarifier Mean Sludge Concentration
TATC + RSC)
(2 )

CsA Clarifier Surface Area
{square Feet)

CSDh Clarifier Sludge Flow Demand

CSF Clarifier Sludge Flow

(RSF + XRF 1n MED)

CsP Clarifier Sludge Flow Percent
{RSF + XRF as & % of CFI)

csu Clarifier Sludge Units
{In sludge blanket)

CVF Clarifier Volume
(Cubic Feet)

CVG Clarifier Volume (Gallons)

CWD Clarifier Mean Water Depth (Feet)



DOB

ESU

FEC

FET
FLI

F10

10D

Lod

MLTSS

MLVSS

B~3

Depth Of Sludge Blanket
(Feet from Water Surface)

Final Effluent Sludge Units
(Total Suspended Solids lost in
Final Effluent - expressed as SILU)

Final Effluent Concentration
(Suspended Solids converted to %
by Centrifuge)

Final Effluent Turbidity (JTU)
Raw Flov - Into Plant (MGD)

Effluent Flow - Out of Plant (MGD)

Jackson Turbidity Unitus

Load (Lbs. BOD/Day to Aerator)

Load (mg/l BOD to Aerator)

Mixed Liquor Total

Suspended Sollds (mg/1)

Mixed Liquor Volatile
Suspended Solids (mg/1)



OFR

0IX

PET

PFI

PFO

PSF

RFD

RFP

RSC

RSF

RSP

RSTSS

RSVSS

B-4
Clarifier Overflow Rate
(Gel./sq. Ft./Day based on CFO)

Oxidation Index
T(Based on Optimum SSV)

Primary Effluent Turbidity
(o)

Primary Flow Into Primary Sedimentation Tank (MGD)

Primary Flow Out of Primary Sedimentation Tank (MGD)

Primary Sludge Flow (MGD)

Return Sludge Flow Demand (MGD)

Return Sludge Flow Percentage
(RSF as & % of AFI ~ by meter)

Return Sludge Concentration

% by Centrifuge)
Return Sludge Flow (MGD)
Return Sludge Percentage
1% of AFI - Usually calculated
from ATC and RSC)
Return Sludge Total Suspended Solide (mg/1)
Return Sludge Units (To aerators)

Return Sludge Volatile Suspended Solids (mg/1)



B-5

SAH Sludge Aerator Hours (Hours per day in serator)
SAP Sludge Aerator Hours in Percenv of Day
{Eitbher % or decimal fraction)
SCO Settled Sludge Concentration - &t Uptinmm
(Optimum SSC - % by Centrifuge)
SCR Sludge Concentration Ratio (SSC/RSC)
sSCY Sludge Cycles (per day)
SDR Solids Distribution Ratio
(Between serators and clarifierc = ASU/C3U)
SDT Sludge Detention Time
{Hours in clarifiers)
SIR Sludge Ratio (RSC/ATC)
S1U Sludge Units

TVolume in gallons x % conzentiation
as a decimel fraction)

SSC Settled Sludge Concentration
{calculated % by Centrifuge)

SsvV Settled Sludge Volume
(ee/1 in Settleometer)

svo Settled Sludge Volume at Optimum
(ce/1 in Settleometer)

TDT Total Sludge Detention Time
(ADT + SDT in Hours)

TFI Thickner Flow Into (MGD)

TFL Total Flow

TMGD out of aeration tanks)
TFO Thickener Flow Out (MGD)

TKR Tank Ratio (AVG/CVG)



TSS

XFP

XSF

B.6

Thickener Sludge Flow (MGD)

Total Suspended Solids (MQ/L)

‘Total Sludge Units

{asu + csvu)

Total Excess Sludge Units %o Waste
(xsu + Esu)

Excess Sludge Flow (As Percent of Sewage Flow)
Excess Mixed Liquor Sludge Flow To Waste (MGD)
Excess Return Sludge Flow To Waste (MGD)
Total Excess Sludge Flow To Waste (MGD)

Excess Sludge Units To Waste



APPENDIX C

OPERATIONAL CONTROL TREND CHARTS
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SETTLED SLUDGE VOLUME - SSV
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SETTLED SLUDGE CONCENTRATION - SSC
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FINAL EFFLUENT TURBIDITY, JT
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XSU/DAY, MILLION SLUDGE UNITS
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SDT - SLUDGE DETENTION TIME, HRS.

9.0
8.0
7.0
6.0

5.0
un

3.0

N
o

[

T o Upioo

[

C-6
SLUDGE DETENTION TIM:Z - SDT

r — -T T o
] -
W -
4 -
) -
] j
= AMV\\J\\W'ﬂ
g 1
| J

T T T T

M M M M M

1724772 1/31/72 2/7/172 2/14/72 2/21/717



11-G UOIBay 9ZTS/0E6-652 — E£6T 921340 BUllULid JUBILIBNOD 'S N=

SSV CURVES ~ HRSD

100G

900

®
o
1+

ﬂ
O
o

)
3

8
o

5SSV ~ SETTLED SLUDGE VOLUME, (cc/1.)
3 3
8 3
A )
1

[n]

8
T
1

l/e/712 - 1200
100 |- FAsST S

i L L I i ' 1 1 [l [l

O 5 0 ®» 20 25 %0 40 50 60

SST~ SLUDGE SETTLING TIME

~
o

SSC CURYES ~ HRSD

) e s ®

SSC ~ SETTLED SLUDGE CONCENTRATION, CALC. 7% BY CENTRIFUGE
)

T™

¥ L] L) LJ T Al Ll L L

A L ' i Il - L 'l A '

©o ™ 20 2% 30 40 50 P
SST~ S\UDGE SETTUNG TIME



