


 



WASTEWATER SYSTEM ENGINEERING REPORT 

This report gives a brief description of the existing wastewater system for the Watchtower 
Educational Center to provide background material to the Draft Environmental Impact 
Statement. It focuses on the changes in flows and loads resulting from the Watchtower Bible and 
Tract Society Amended Site Plan and the ability of the present Wastewater Treatment Facility 
(WWTF) to meet these changes without the need for an upgrade of the WWTF itself. 

Existing Wastewater System 
The Applicant’s WWTF treats domestic sewage emanating from an educational center, which 
includes classrooms, dormitories, dining rooms, offices, and support operations. The present 
average daily flow is about 96,000 gpd, while the permitted flow is 165,000 gpd. A plan and 
schematic flow diagram of the WWTF are shown on Figures 1 and 2, respectively. 

The WWTF uses the single-stage nitrification mode of the activated sludge process, as described 
in the DEIS, Chapter 6, “Water Supply and Utilities.” The WWTF was initially constructed in 
1989 to 1991, and has undergone an upgrade from 1994 to 1995 to add primary clarification and 
more flow equalization, and again from 2001 to 2003 to meet the NYCDEP’s Regulatory 
Upgrade Program. Aerobic sludge digestion and dewatering are carried out in the Mechanical 
Dewatering Facility constructed from 1997 to 2000. The plant discharges to Mountain Brook, a 
Class C intermittent stream, at a location within the Watchtower Educational Center (WEC) 
property. In over 17 years of operation, the plant has experienced only a few exceedances of the 
SPDES permit, and none within the past year.  

The WWTF is regulated under SPDES Permit No. NY-0165778. Specific effluent criteria are as 
follows: 

1. Flow = 0.165 MGD 30-day arithmetic mean. 
2. CBOD = 5.0 mg/L maximum. 
3. TSS = 10.0 mg/L maximum. 
4. Fecal coliform = 30-day geometric mean not-to-exceed 200/100 ml. 
5. pH = 6.5 to 8.5 su. 
6. Settleable solids = 0.1 ml/L maximum. 
7. Ammonia = 2 mg/L maximum (1.5 mg/L maximum; June 1 to October 31). 
8. Dissolved oxygen = 7.0 mg/L minimum. 
9. Phosphorus = 0.5 mg/L 30 day average. 
10. Chlorine residual: 0.2 mg/L min. in contact tank; 0.1 mg/L max. in effluent. 
11. Turbidity: 0.5 NTU 95% of monthly readings; 5.0 NTU maximum. 
12. Giardia lamblia cysts: 99.9% removal; Enteric viruses 99.99% removal. 

Projected Flows and Biochemical Oxygen Demand (BOD) Loadings for the WEC WWTF, 
Amended Site Plan 
The BOD loading on the aeration tanks of the WWTF secondary treatment system is an 
important design parameter in sizing these tanks, as called for in paragraph 92.31 of 10 States 
Standards. This loading is influenced not only by the influent BOD loading on the WWTF, but 
also by the BOD removal efficiency of the primary sedimentation tanks (clarifiers), and the 
flows and loads contributed by the sidestreams from other process areas, which are returned to 
the flow equalization tanks ahead of the primary clarifiers. Sidestreams include solids processing 
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return flows from digester decanting, sludge thickening, sludge pressing, tank wash down, and 
the dual sand filter backwash flow. The latter amounts to about 30,000 gpd, and is required to 
maintain filter performance. The best way to evaluate the above factors is by full scale testing 
based on flow measurements and sampling to provide BOD concentrations and loads for 
quantitative analyses. 

In the past, only monthly Carbonaceous BOD (CBOD) samples of the WWTF influent and final 
effluent were taken, as required by the SPDES permit. (CBOD is called for in the SPDES permit 
in lieu of BOD to remove ammonia interference in determining organic load, but is equivalent to 
BOD in this usage except when considering nitrification as discussed later.) Therefore, there was 
no way to establish primary clarifier performance or the effect of sidestreams based on 
previously available data. To provide the needed information, a program of testing was carried 
out to measure weekly flow and CBOD values for the WWTF influent and primary effluent for 
the 20-week period from January 23 to June 11, 2008. This took advantage of the recent 
installation and calibration of the new ultrasonic level sensors with improved accuracy for the 
Parshall flume flow meters, for both the WWTF influent and primary effluent. A single primary 
clarifier was in operation during this period (without chemical enhancement), as has typically 
been the case since primary clarifier startup. 

CBOD values were analyzed both in the Orange County Lab (OCL) (State certified) and the 
Applicant’s lab, with the OCL results being used to determine loads except in one case where the 
OCL sample was lost. The measurements were taken at mid-week in each case, so the averages 
for flows and loads are somewhat higher than the monthly averages would have been, 
considering the lower weekend values. The SPDES limit on flow of 165,000 gpd is based on the 
30-day arithmetic mean of WWTF daily influent flows. The design average BOD5 loading given 
in paragraph 92.31 of 10 States Standards is the average organic load entering the aeration tank 
over a continuous 12-month period. 

The results of the 20-week BOD testing period are given in Table 1. Of particular note is the 
average primary treatment BOD removal percentage of 43.7 percent, which includes the effects 
of sidestream flows and loads. Of further interest is the tendency toward increasing primary 
removal efficiency with increasing WWTF influent loads, as shown in the plot in Figure 3. 
Therefore, the average percent removal value should be conservative if applied to higher than 
average loadings. 

For present purposes, and neglecting flow and load reductions based on possible conservation 
and recycling measures, an estimate of future BOD loadings may be made. For the population of 
1,803 used in the DEIS, and taking the average population during the 20-week study as 1,147 
(from Water Systems Operation Reports sent to PCDOH), the projected BOD load would be: 
182.8x1,803÷1,147 = 287.3 lb/day. With the full aeration ring of both activated sludge units in 
operation (23,400 cf total), the BOD loading would be 12.3 lb BOD/1,000 cf. This compares 
with the allowable 10 States Standards loading for single stage nitrification plants of 
15 lb/1,000 cf. If the bed count of 2,050 is used instead of the population of 1,803 (as PCDOH 
has used in the past), the loading would increase to 14.0 lb/1,000 cf, still within the allowable 
value. The above midweek BOD loadings overstate the average monthly or yearly values called 
for in the permit, as discussed below for flows.  

- 2 - 



PATTERSON WWTF OPERATING DATA 20 WEEK BOD TESTING   JAN. 28-JUN. 11, 2008 2/26/2009

WWTF Effluent 
(Final)

Data 
Points Date

Avg Daily          
WW  Flow          
mil gal/day 

OLC  CBOD        
mg/l

WTL  CBOD        
mg/l

CBOD*   load       
lb/d

Avg Daily          
WW Flow           
mil. gal/d

OLC  CBOD        
mg/l

WTL  CBOD        
mg/l

CBOD*   load       
lb/d

% Rem            
(Primary)

Avg Daily          
WW Flow           
mil gal/day 

1 23-Jan 0.083 588 473 407.0 0.138 135 100 155.4 61.8 0.104
2 30-Jan 0.103 294 252.6 0.148 114 140.7 44.3 0.099
3 6-Feb 0.099 765 686 631.6 0.145 213 179 257.6 59.2 0.094
4 14-Feb 0.094 270 302 211.7 0.157 131 151 171.5 19.0 0.104
5 20-Feb 0.089 294 280 218.2 0.150 129 124 161.4 26.0 0.095
6 27-Feb 0.097 246 349 199.0 0.141 87 115 102.3 48.6 0.095
7 6-Mar 0.094 388 354 304.2 0.147 131 116 160.6 47.2 0.105
8 12-Mar 0.095 630 579 499.1 0.134 160 166 178.8 64.2 0.087
9 19-Mar 0.101 395 367 332.7 0.139 210 122 243.4 26.8 0.114

10 26-Mar 0.096 735 539 588.5 0.139 211 178 244.6 58.4 0.096
11 2-Apr 0.095 485 465 384.3 0.167 144 151 200.6 47.8 0.118
12 9-Apr 0.096 348 316 278.6 0.151 174 133 219.1 21.4 0.097
13 16-Apr 0.094 329 372 257.9 0.147 168 145 206.0 20.1 0.097
14 23-Apr 0.098 426 405 348.2 0.152 159 147 201.6 42.1 0.100
15 24-Apr 0.109 341 358 310.0 0.150 119 128 148.9 52.0 0.113
16 30-Apr 0.094 432 425 338.7 0.154 176 155 226.0 33.3 0.100
17 7-May 0.097 392 407 317.1 0.147 137 120 168.0 47.0 no data
18 14-May 0.097 414 357 334.9 0.150 181 106 226.4 32.4 0.100
19 21-May 0.091 318 362 241.3 0.147 119 128 145.9 39.6 0.094
20 28-May 0.101 a 411 346.2 0.134 130 122 145.3 58.0 0.099
21 5-Jun 0.100 381 358 317.8 0.137 146 104 118.8 62.6 0.099
22 11-Jun 0.096 495 439 396.3 0.153 155 157 197.8 50.1 0.100

Average 0.096 426 341.6 0.147 182.8 43.7 0.100

= 100[(WWTF CBOD influent load ) - (primary effluent CBOD load)] / (WWTF CBOD influent load)

Note:

Month 
(2008)

Avg Monthly    
WW  Flow      
mil gal/day 

Population    WW  Flow         
gal/ person /day 

Jun 0.085 1138 74.7

Jul 0.090 1128 79.8

Aug 0.085 1153 73.7

Sept 0.091 1170 77.8

Oct 0.089 1286 69.2

Nov 0.089 1173 75.9

Dec 0.086 1147 75.0

WWTF Influent Primary Effluent

Supplemental Flow Data from Monthly Wastewater Facility Operations Report as reported to the Putnam County Department of Health

a - lost sample, use WTL value for influent CBOD

     % removal (primary)

= 8.34 ( WW flow) (OCL CBOD) - see note a

= Orange County Lab

= Watchtower Lab

     *  Load 

OCL

     WTL

Table 1
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The results of the 20-week BOD study indicate that the WWTF will be adequate to handle the 
projected BOD loads after the amended site plan is implemented. Also, using the average daily 
influent flow of 96,000 gpd from the 20-week BOD study, the projected flow for a population of 
1,803 would be 150,900 gpd, without correction for lower weekend flows. For a population of 
2,050, this would be 171,600 gpd. The monthly average flow for the period of test was close to 
90 percent of the average midweek flow on the sampling days. Thus, the corrected monthly 
average flow would be about 135,800 gpd and 154,400 gpd for populations of 1,803 and 2,050, 
respectively. Planned water conservation and other measures discussed in the “Water 
Conservation/Reuse/Recycling Options Feasibility Study,” particularly the premium quality 
reduced flow showerheads option, will further reduce the projected flows and in some options, 
the loads. The total flow reductions for the options selected for implementation, Options A 
through E, amount to 20,000 gpd for a population of 1,803. Option F, “Reuse of WWTF Effluent 
in Cooling Towers,” produces a variable reduction depending on time of year, ranging from 
1,500 gpd in January to 18,000 gpd in August (1,803 population). Effluent reuse options such as 
Option F would not reduce flow through the WWTF, but would reduce the flow discharged 
under the SPDES permit. Flow projections will be discussed further in connection with the 
potable water system portion of the DEIS, based on the 31-month study period from June 2006 
through December 2008. 

The case of single unit activated sludge operation deserves consideration. This occurs when one 
unit is out of service as necessitated by mechanical problems (short-term) at any time, or during 
scheduled down time such as for painting submerged equipment (longer term and which is 
typically scheduled during the warm part of the year). For this it may be advisable to improve 
primary removal by using both primary clarifiers. Chemically enhanced primary treatment is 
another possibility and was allowed for in the design, but this is probably not warranted except in 
extreme cases. 

The only changes required to the WWTF under the amended site plan are a result of possible 
recycling/reuse options that may require relocating the final effluent meter downstream of the 
chlorine contact tank (including a new meter pit), covering the contact tank for algae control, and 
related minor changes such as controls. The present SPDES permit uses the influent meter to 
record flow, but this would need to be changed to the new downstream meter location to remove 
recycled flows from the amount discharged to Mountain Brook. 
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NITRIFICATION 

The following demonstrates ability to nitrify during winter conditions: 

 Temperature for nitrification = 10o C (water in aeration tank) 

 Specific nitrifier growth rate  uN(10
o

) = 0.180 day-1  
Soap and Detergent Assn., Phosphorous and Nitrogen Removal from Municipal 
Wastewater, 2nd ed., p. 13) 

kNd = 0.05 day−1 

Heterotrophic yield coefficient, a = 0.60 
( estimate based on results from field observations ) 

SRT =    1                =       ____1_____  = 7.7 days 
 uN – kNd                0.180 - 0.05 

Safety factor  = 2.5 

SRT design = 2.5 x 7.7 = 19.2 days 

Organic removal rate, qb  =    ( __  _1___  )  + 0/05   
              (SRT_design)______ = 0.170 lb BOD removed 
                                                       0.6                                    lb MLVSS – day 
(EPA Design Manual for Nitrogen Control, 1975, p. 4-10)  

Hydraulic detention time (HDT) required = _S0-S1_ 
                                                                         X1qb 

TBOD to aeration = CBOD + NOD 
NOD (nitrogenous oxygen demand) = 4.5 (NH3 mg/l) 
Average NH3 from monthly reports to PCDOH = 24 mg/l 
     NOD = 4.5x24      =  108    mg/l 
                                                CBOD = 182.8                  =  149.1 mg/l (ave. for 20-wk. test)
            8.34x0.147               
                                                       TBOD to aeration      = 257.1 mg/lS0 = TBOD to 
Aeration tank = 257.1 mg/l 

S1 = Effluent TBOD= 2 mg/l 
X1 = MLVSS = 3000 mg/l 
HDT required =  So – S1             =  257.1 – 2___= 0.500 days = 12.0 hrs 

      MLVSS x qb        3000 x 0.170 

             Available detention time     = 23,400 x 7.48 x 24 = 25.5 hrs. > 12.0 hrs.   OK 
    (full aeration rings)                        165,000 
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Figure 3
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