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I. INTRODUCTION 

·- -~l-

SEWAGE TREATMENT PLANT Eii·\LUft.TION 
George AFB CA 

The operational activity and resident population of George AFB CA have 

increased considerably during the past few years. This has resulted in 

increased loadings on the base's sewage treatment plant. Construction of 

372 new family housing units is in progress or approved, 191 additional units 

are being programmed. As such, a FY 70 MCP project was initiated and approved 

for imrrovements of th~ sewage treatment plant to accept higher flows. 

Except for a ~ew laboratory building and a grit chamber the improvements are 

mainly hydraulic. Appendix D contains the items in the FY 70 MCP project as 

of August 1969. 
As there were no funds available for a concept investigation to determine 

the adequacy of the FV 70 project as programmed and to determine possible 

additional items of work not covered by the project for future programming, 

the Regional Civil Engineer, Western Region (HQ USAF) requested that the USAF 

Environmental Health Laboratory (Kelly AFB) evaluate the existing se~~age 

treatment plant against present and projected loads. 

This report contains the results of a field survey of the sewage treat­

ment olant conducted between 13-19 August 1969. Projections of hydraulic and 

or~anic loadings for both 372 and 563 additional family quarters are provided. 

comments are also contained as to the adequacy of the FY 1970 MCP project 

currentlY being des f gned and addi tiona I improvements required. 
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l l, SUMMARY OF RESULTS 

1. Sewage and indus tria 1 waste treatment at George AFB CA doElS not 

currently conform to Executive Order 11228 and AFR 161-22 in that only 

partial secondary treatment is being provided for the sewage and that a 

large quantity of industrial waste high in Biochemical Oxygen Demand (BOD) 

is being discharged with no treatment. The construction of additional 

family quarters on base rlith the resultant increase in sewage flow will 

place an additional burden on the sewage treatment plant and further reduce 

its effect! veness. 

2. Adequate sewage and industrial waste treatment can be provi~ed by: 

a. Completion of a FY 70 MCP project to correct hydraulic 

deficiencies for the main sewage treatment plant. 

b. Diversion of acceptable industrial waste after oil separation 

to the sanitary sewer. 

c. Construction of one additional waste stabilization pond 7.5 

acres in size and a more efficient discharge facility for the final pond or 

cell, 

d. Reuse of a large q11antfty of the water from the stabilization 

ponds for irrigation (or disposal by irrigation) throughout the year. 

e. Practicing land disposal of liquid digested sludge. 

2 
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Ill. DISCUSSION 

A. General 

!. George AFB CA is an installation of the Tactical Air Command 

(TAC). The primary mission is that of fighter pilot training. The base is 

located in the higher ~1ojave Desert near Victorville CA somewhat remote from 

a metropolitan area that could support the base's military and dependent 

population in terms of off-base housing. This has led to the construction 

of some 1200 on-base family quarters. The construction of 172 additional 

housing units on base is in progress and an additional 20D prototype houses 

have been approved by DOD. In addition to the 372 quarters under construction 

or approved, 172 quarters are in the initial programming stage. 

2. The average annual precipitation at George AFB is 4.1 inches. 

The coldest month is January with a mean temperature of 45°F. The warmest 

month is August with a mean temperature of B0°F. Appendix A contains monthly 

climatology summaries of the base. 

3. The potable water consumption at the base is highly seasonal. 

During the colder months (October through February) the average demand is 

!.5 MGO. During the warmer months (March through September) the average 

demand is 5.0 MGO. Peak daily demands during these warm months have reached 

7-8 MGO. During the same warm months the sewage treated has averaged I .I 

MGD. Almost 80% of the potable water consumed during the warm months is used 

for irrigation or other exterior uses and is not processed through the sewage 

treatment plant. 

B. Industrial Waste and Its Treatment 

I. A survey of the base revealed that only one segment of the 
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stonn drain~ge system is used for the discharge of industrial waste. This 

segment drains the flight line and ramp area and daylights to an open dit'h 

approximately 300 ft WSW of the se~1age treatment plant. Effluent from the 

base's sewage stabililation ponds is discharged to the same ditch approxi-

mately 1/2 mile downstream. 

2. The result of chemical analysis of this industrial waste is 

contained in Appendix B under Station 10. The average BOD of 6 daily 

composite samples was 230 mg/1, The waste as expected was high in detergents 

having an average MBAS of !61 mg/1. The bulk of the waste originates at 4 

aircraft washracks along the flight line. Oils and grease concentration 

averaged 6.9 mg/1, however, this concentration is not truly representative 

of the oils and grease due to the method of sampling. The samples were taken 

at mid-water depth behind a weir installed for flow measurement in the 

outfall culvert. large quantities of free floating surface oil along with 

masses of grease floc were noted flowing over the weir during frequent 

visual obsE'rvations. A large quantity of solids having the appearance of 

oil coated grit were also deposited behind the weir. The samples as 

analyzed would be similar to the waste after free oil and grease separation 

and to some extent settleable solids removal. 

3. The average daily flow pattern of the waste measured during the 

survey is illustrated in Figure 1. Peak flow observed was 145 gpm and the 

six day average flow was 78,000 GPO. 

4. Executive Order 11288 and AFR 161-22 requires secondary treatment 

of all waste. The industrial waste at George AFB can be effectively treated 

in combination with domestic sewage. Prior removal of the free 

4 
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oil and grease and grit solids should be provided. A single conventional 

free oil separator with provisions for grit removal should suffice for 

prior treatment. The unit should be insta11ed near the existing outfa11. 

Provisions for automatic di•!ersion of storm runoff should be provided. 

The effluent from the unit should be discharged to the most convenient 

sanitary sewer of sufficient size. 
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C. Current and Projected Sewage Flows 

I. Appendix B contains sewage and industrial waste flows measured 

curing the six day survey period. Appendix B also contains sewage flow 

data extracted from the sewage treatment plant's flow recorder charts for 

six 1·1arm months. Close a9reement was found between calculated flows based 

upon direct depth measurements in the plant's Parshall flume during the 

survey and that of the plant. 's chart recorder. 

2. The average daily sewage flow measured during the six day 

survey ~eriod 1~as 0.97 MGD. Industrial waste water discharged to the storm 

drainage averaged 0.078 MGD. Figure 2 r~flects these flows by time of day. 

There was good agreement between direct field measurements of flow and that 

of the plant's recorder at the same ttme. The average daily flow over 

six warm months during 1968 from the plant's recorder is therefore used 

as a base to project future flows. 

3. The current average daily sewage flow is 1.12 MGO. The 

projected average daily sewage flow ~<ith 372 additional family Quarters 

including 0.078 MGD of industrial waste is 1.36 MGD. The projected 

average daily raw sewage flow with 563 additional family quarters is 

1.45 f1GD. The projected flows provide an a11~wance -of 425 GPO per family 

quarter in addition to the industrial waste. Fi!;ure 3 reflects the 

current and projected flows by time of day. 

4. The hydraulic design of the plant shculd be based upon the 

expected peak day, peak flow. Twice the average day peak flow should 

suffice; i.e., approximately 4.0 MGD (2800 GPM) for 563 additional 

quarters. 
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I. The two most co111110nly used parameters in the design of sewage 

treatment plants are BOD and SS in conjunction with the quantity of sewage. 

Appendix B contains chemical and physical analysis results performed during 

the S•Jrvey. 

2. The average BOD concentration of the. raw sewage was 201 mg/1 

during the survey period and the avera9e SS concentration was 151 mg/1. 

The BOD of the industrial waste was slightly higher (230 mg/1) than the 

sewa~e, however, its SS was only 27 mg/1. As the industrial waste flow 

represented only 8 ~er cent of the total sewage flow it is considered to 

have the same characteristics of the raw sewage provided prior treatment 

consisting of free oil removal is provided. 

3. Due to lad of laboratory facilities, no BOD or SS detenninations 

are being accomplished by plant operators, hence, not available for 

compar'son with the survey data. The BOD and SS concen.trations found during 

the survey, therefore, are used to project these loadings on the sewage 

treatment olant with the additional quarters. Table I lists the current 

and projected BOD, SS, and hydraulic Jo~dings on the sewage treatment 

plant. The projections assume the BOO and SS concentration•. remain constant 

with increased flows. Design and sizing of individual treatment processes 

for biological treatment are normally based on aver~ge daily flows. 
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TABLE 1 
SEWAGE TREAT"f:NT PLANT CURRENT AMD PROJECTED BOD AND SS LOADINGS 

' Current Projected 
Survel Plant Records 372 Addt'l 563 Addt I 1 

(6-Day vg) (6 month Avg) !llii Qtrs 

Hydraulic (MGO) 0.97 1.12 1.36 1.45 

BOO 
mg/1 201 201 201 201 
lbs/day 1622 1874 2270 2420 

Suspended Solids 
mg/1 156 156 156 156 
1bs/day 1262 1460 1795 1927 

10 
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Current and Projected Unit Treatment Process Loadings a••rl 
Hfi ci enci es. ··- -- ···· 

1. Excluding. separate sludge digestion and stabilization ponds 

which are discussed elsewhere, the n~in sewage treatment plant at George 

AFB involves the following processes in the order listed: 

a. Conrninutors (cutting bar screens). 

b. Primary sedimentation. 

c. First stage high rate trickling filters with recirculation 

through the primary clarifiers. 

d. Second stage high rate trickling fi 1 ter with reel rculation 

through th~ final clarifier. 

e. Final sedimentation. 

2. Biochemical Oxygen Demand (BOD) Loadings and Removal Efficiencies: 

a. BOD loadings and removal efficiencies of each of the above 

listed unit processes and the s.tabilizat1on ponds found during the field 

survey are su11111ari zed in Tab 1 e 2, There is good agreement between the 

efficiencies found for the main plant in the field survey and those calculated 

us l ng Nation a 1 Research Council (NRC) equations based on a study of military 

installations. (See Appendix C for calculations and comparisons.) 

Tables 3 and 4 contain the projected no~ loadings and removal efficiencies 

of the units for 372 and 563 additional family quarters respectively. The 

projections assume the current FY 70 MCP project will correct hydraulic 

(pumping and piping) deficiencies excep~ the lift pump to the second stage 

trickling filter. Replacement of this pump will have little effect on the 

plant's efficiency in that both the filter and the fin41 c14r1fier will be 

II 
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hydraulically overloaded during peak daily flows impairing their effective-

ness. 

b. The overall BOD removal efficiency of the Jlldin sewage 

treatment plant is expected to decrease from a current 81 per cent to about 

78 oer cent with the additional quarters. In terms of total pounds of BOD 

in the plant effluent, this represents an increase from a current 306 

lbs/day to 497 and 561 lbs/day with each increment of family quarters. This 

is a significant additional loading on the stabilization ponds following 

the main treatment plant. 

3. Suspended Solids (SS) Loadings and Removal Efficiencies. 

a. The SS 1 oadi n~s and rcmova 1 effi ci encles of each of the 

listed processes and stabilization ponds found during the field survey are 

sun~1arized in Table 5. Tables 6 and 7 contain the projected SS removal 

efficiencies of the units for 372 and 563 additional family quarters 

respectively. The same assumptions are made as for BOO loadings. 

b. The overall SS remm~~~ •P.fficiency of the main sewage treat­

ment plant is expected to decrease ~,i:'>i a current 85 per cent to about R2 

per cent with the addition a 1 quarters·, In terms of tot a 1 pounds of SS in 

the plant effluent this represents an increase from a current 194 lbs/day 

to 273 and 335 lbs/day with each increment of family quarters. 

~. In addition to correcting hydraylic deficiencies for the main 

plant, the FV 70 MCP project provides for the installation of a grit chamber 

at the head of che plant orior to the comminutors. Operating problems have 

beer. experienced by plant personnel due to grit deposition in the digesters. 

Remova 1 of the grit will a 1 so pro 1 ong pump 1 i fe by reduc1 ng the grits 

12 
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abrasive action. The new grit chamber will alleviate the grit problem. 

5. The hydraulic capacity of each of the 1 is ted unit processes 

has been checked to insure they are within the projected hydraulic loadings 

as indicated in Tables 3, 4, 6 and 7. Appendix C contains a supplementary 

discussion of the listed unit processes of the main plant an~ other items 

of equipment which are of more concern in the plants operations and 

maintenance. 

13 13 
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Unit(s) 

COIII!linutor 

Primary Clarifiers 
(55' Clarifier) 
(44' Clarifier) 

-----,?"-·-v= 

1st Stage Trickling Flt. 
(60' Filter) 
(44' Filter) 

2nd Stage Process 
(44' Filter) 
(44' Final Clarifier) 

Stabilization Ponds 
(Irrigation Golf Course) 
(Evaporation) 

Flow to Unit 
MGD 

0.97 

1.62(1) 
1.30 

.32 

1.62(1) 
1.30 

.32 

0.86( 2) 
0.86 
0.86 

0.97 
0.26 
0.06 

-~-----~--«,,,,~---------,~--

Table 2 

BOD LOAOHIGS AND REI'UVALS 
Field Survey Data 
(13-19 Aug 1969) 

BOD Applied 
lbs/da,r 

1622 

2051 (1) 
1474 
577 

1017{1) 
857 
160 

378(2) 
378 
321 

Apol ied BOD 
Renxlved % 

0 

50 
42 
72 

26 
25 
32 

33 
15 
21 

BOD Removed 
as ~ of Raw 
Sewage BOD 

0 

63 
38 
25 

16 
13 
3 

7 
3 
4 

Cumulative 1 BOD Removed 
Based on Raw Sewage BOO 
and ~ Remaining in Effluent 

Past Unit 

0 

37 

73 

81 

306 
148 

2l(increase) (3) 
10D 

4( increase) (3) 
9 

77 

0 0 0 
.,. Final Oiscllarge 0.65( 4) 369 0 0 77 .;::.. 

NOTES: (1) 
(2) 
(3) 

(4) 

Includes recirculation from 1st stage filters and sludge crom final clarifier. 
0.11 MGD and 51 lbs/day bypassed second stage process. 
BOD concentration increased from 38 mg/1 in influent to pond to 68 mg/1 in effluent due to 
algae carry-over. 
Indicates average daily disct.arge. Actual discharge from oond occurs about 5 days per week. 
No discharge 2 days per week. 
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Flow to Unit 
Unit(s) MGD ___ 

Conminutcr 1.36 

Primary Clarifiers 2. 72(1) 
(55' Clarifier) 1.82. 
(44' Clarifier) 0.90 

1st Stage Trickling Flt 2.72(1) 
(60' Filter) 1.82 
(44' Filter) 0.90 

2nd Stage Process 1.18( 2 ) 
(44' Filter) 1.18 
(44' Final Clarifier) 1.18 

Stabilization Ponds 1.36 

~ 

Table 3 

BOD LOADINGS AND REMOVALS 
372 Additional Family Quarters 

BOD Removed 
BOD Applied Applied BOO as '; of Raw 
lbs/dal' Removed ~ Se-wage BOD ~ 

2270 a 0 
3088( l) 52 70 
2059 52 47 
1029 52 23 
1490(!) 8 5 
994 8 3 497 8 2 

602( 2) 32 9 
602 10 3 
543 25 6 

497 

Cumulative ' BOD aemoved 
Based on Raw Sewage BOD 
and % Remaining in Effluent 

Past Unit 

0 

35 

70 

78 

Cit NOTES: 
(1) Includes recirculation from 1st stage filters and Sludge from final clarifier. 
(2) 0.19 MGO and 86 lbs/ddy of BOO will bypass second stage process. 
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Unit(s) 

Col!llli nutor 

Primary Clarifiers 
(55' Clarifier) 
(44' Clarifier) 

1st Stage Trickling Flt. 
(6o· ;::~terJ 
(44' Filter) 

2nd Stage Process 
(44' Filter} 
(44' Final Clarifier} 

Stabilization Ponds 

Flow to Unit 
MGD 

1.45 

2.90(1) 
1.94 
0.96 

2.90(1) 
1.94 
0.96 

1.19(2) 
1.19 
1.19 

1.45 

Table 4 

BOD LOADINGS AND REMOVALS 
563 Additional Family Quarters 

BOO Applied Applied BOD 
lbsLdal Removed % 

2420 0 

3292(1) 52 
2195 52 
1097 52 

1597(1) 5 
1065 5 
532 5 

627(Z) 32 
627 11 
555 24 

560 

~"-~---·······--·-----~ 

~~- I 

i 

Cumulative % BOD Removed 
BOD Removed Based on Raw Sewage BOD 
as % of Raw and % Remaining in Effluent 
Sewage BOD Past Unit 

0 0 

70 34 
47 
23 

3 69 
2 
1 

9 78 
3 
6 

~ NOTES: (1) Includes recirculation from 1st stage filters and sludge from final clarifier. 
~ (2) 0.16 MGD and 135 lbs/day of BOD will bypass second stage process. 

~-• -~ • •-•- - ~.,o_,_.,. 
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Unithl 

C0111t1inutor 

Primary Clarifiers 
(55' Clarifier) 
(44' Clarifier) 

1st Stage Trickling Flt. 
(60' Filter) 
(44' Filter) 

2nd Stage Process 
(44' Filter) 
(44' Final Clarifier) 

Stabilization Ponds 
(Irrigation Golf Course) 
(Evaporation) 

Final Discharge 

Table 5 

SUSPENDED SOLIDS (SS) LOADINGS AND REMOVALS 
Field Survey Data 

Flow to Unit 
MGD 

0.97 

1.62(1) 
(1.30) 
(0.32) 

1.62 
(1.30) 
(0.32) 

0.86< 2> 
(0.86) 
(0.86) 

(13-19 Au9 1969) 

SS Applied 
lbsLda.)1 

1262 

1738( 1) 
(1258) 
(480) 

959 
(791) 
(168) 

378(2) 
(378) 
{321) 

Applied SS 
Removed % 

0 

45 
(37) 
(65) 

24 
(25) 
~22) 

62 
(15) 
(55) 

SS Removed as 
% of Raw Sewa~e 

ss 

0 

'i2 
(38) 
(24) 

18 
(15) 

(3) 

19 
(5) 

(14) 

Cumulative % SS Removed 
8~sed on Raw Sewage SS 
and % Remaining in Effluent 

Past Unit 

0 

25 

66 

85 

0.97 194 47(increase)< 3 l 14(increase)(3) 71 
0.26 (148) (100) (12) 
0.06 (0) (0) (0) 

0.65(4) 368 0 0 71 

NOTES: (1) Includes recirculation from 1st stage filters and sludge from final clarifier. 
(2) 0.11 MGD and 46 lbs/day of SS bypassed second stage process. 
(3) SS concer.tration increased from 22 mg/1 in influent to pond to 69 mg/1 in effluent due to 

algae carry-over. 
(4) Indicates average daily discharge. Actual discharge from pond occurs about 5 days per week. 

No discharge 2 days per week. 
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Unit(s) 

Comninutor 

Primarv Clarifiers 
(55' Clarifier) 
(44' Clarifier) 

1st Stage Trickling Flt 
(60' Filter) 
(44' Fi1ter) 

2nd Stage 0 rocess 
(44' Filter) 
(44' Final Clarifier) 

Stabilization Ponds 

Table 6 

SUSPENDED SOLIDS (SS) LOADINGS AND REMOVALS 
372 Additional Family Quarters 

SS Removed as 
Flow to Unit SS Aoplied Applied SS % of Raw Sewage 

I-1GO lbs/day Ref110ved ~ ss • 
1.36 1795 0 0 

2. nO> 2624( 1) 40 59 
1.82 1764 38 37 
0.90 860 45 22 

2.72 1572 23 20 
1.82 llOO 24 15 
0.90 472 21 5 
1.18{2) 528( 2) 57 15 
1.18 528 15 4 
1.13 430 48 11 

1.36 273 

Cumulative % SS Removed 
Based on Raw Sewage SS 
and % Remaining in Effluent 

Past Unit 

0 

13 

67 

82 

NOTES: (1) Includes recirculation from 1st stage filters and sludge from final clarifier. 
(2) 0.18 MGD and 79 lbs/day of SS will bypass second stage process. 
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Unit(s) 

Co~w.~i n u tor 

Primary Clarifiers 
(55' Clarifier) 
(44' Clarifier) 

1st Stage Trickling Flt 
(60' Filter) 
(44' Filter) 

2nd Stage Process 
(44' Filter) 
(44' Final Clarifieri 

Stabilization Ponds 

Table 7 

SUSPENDED SOLIDS (SS) LOADINGS AND REMOVALS 
563 Additional Family Quarters 

SS Removed as 
fl01• to Unit ss Applied Applied SS % of Raw Sewage 

MGD lbs/da.:t Removed w ss " 
1.45 1927 0 0 

2.90(1) 2790( 2) 40 58 
1.94 1875 37 36 
0.96 915 45 22 

2. goO l 1685{1) 23 20 
l.g4 1180 25 15 
0.96 505 21 5 

1.19( 2) szs< 2> 59 16 
l.lg 528 17 5 
1.19 436 50 11 

1.45 335 

Cumuoative % SS Removed 
Based on Raw Sewage SS 
and % Remaininq in Effluent 

Past Unit 

0 

13 

66 

82 

NOTES: (1) Includes recirculation from l~t stage filters and sewage from final clarifier. 
(2) 0.26 MGD and 115 lbs/day of SS will bypass second stage process. 
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F. Stabilization Ponds and Reuse of Treated waste Water 

1. The existing stabilization ponds are well located on base in 

regards to prevailing winds and additional adjacent area is available 

for expansion. Their total surface area is 9 acres and originally 

consisted of three separate ponds with interconnections and influent and 

effluent header systems such that they could be operated in series or 

parallel. They are operated at a depth of about three feet. About one 

half of two of the ponds has been diked off and water from these two 

areas is pumped to the golf course after chlorination for irrigation. 

Figure 4 is a diagram of the ponds as they currently exist and indicates 

the area where an additional pond is suggested. 

2. An estimated 0.26 MGD of treated sewage from the diked off 

ser.tions is used for irrigation of the golf course during the grass growing 

season. The remaining pond areas are operated in series, fit·st through 

the larger remaining pond and then to the two smaller as indicated in 

Figure 4. An estimated l/4 in/day or 60,000 gal/day of 11ater evaporates 

from the ponds. As the average annua 1 preci pi tati on at George AFB is only 

4.1 in/year and so long as pond embankments ar~ maintained in good repair, 

precipitation contribution to the ponds contents is insignificant. During 

the periods the influent to the ponds is d·iverted to the section for 

irrioation (about 2 days each week) there is no effluent discharged off 

base from the ponds. 

3. Based on the survey data the BOD concentration in the influent 

to the ponds was 38 mg/1 and increased to 68 mg/1 in the effluent. 

Suspended solids also increased from 22 mg/1 to 69 mg/1. These increases 

20 
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are due to carry-over of algae suspended in the effluent from the ponds, 

The importance of these increased concentrations is somewhat reduced as 

the total volume of water in the effluent is reduced by the amount used 

for irrigation and that lost in evaporation. Considering the reduced 

volume of water in the final effluent the total pounds of BOD increased 

from 306 lbs/day in the influent to only 368 lbs/day in the effluent. 

Regardless of this overall increase in BOD, a prime function of the ponds 

is the reduction of fecal coliform and some pathogenic organisms due to an 

unfavorable environment in the ponds. Considerable reduction in the algae 

carry-over can be effected by a properly designed effluent structure such 

that the effluent can be taken at depths selected to contain the least 

algae and to reduce the velocity of approach. The existing 2 foot long 

overflow wei;· is not sufficient. 

4. During the survey period the ponds were receiving an average 

of 306 lbs/day (34 lbs/acre-day) of BOO. With the higher BOD loadings on 

the m~in treatment plant and lowered removal efficiency of the main plant 

with the additional quarters the ponds will receive approximately 500 

lbs/day (55 lbs/acre-day) and 560 lbs/day (62 lbs/acre-day) with 372 and 

562 additional family quarters respectively. Detention times will decrease 

from the current 9 days to 6.5 and 6 days. 

5. Design pr,cedures for stabilization ponds are at best not 

nr~cise. Involved at l)ne and the s.1me time are sediMentation, oxidation, 

and digestion, gas exchange and photosynthesis, mechanical aeration and 

evaporation and seepage. Chapter 3, AFM BB-11 states that oxidation ponds 

used for secondary treatment will be sized for a detention time of Aot less 
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than 30 days and for an organic loading that does not ~xceed SO lbs/day 

of BOD per acre. A more realistic design criteria is that promulgated by 

the Texas State Department of Health where climatic conditions are some­

what similar to those at George AfB. The Texas criteria states: 

"The basic design for the organic loading of wastes entering 

stabilization ponds shall not exceed 35 pounds of BOO per 

acre per day based on the total surface area of ponds or 

cells. Where stabilization ponds are proposed to be operated 

in series, the loading on the initial pond or cell shall not 

exceed 75 oounds per acre per day." 

As the waste entering the stabilization ponds will have received partial 

secondary treatment and due to the abundant sunshine and relatively warm 

temoHatures that exist at. George AFB a detention time of 30 days is un-

realistic. 
6. Using the Texas criteria, one additional pond of 7.5 acres 

'muld suffice for the projected loadings on the ponds without further 

modifications t0 the main treatment plant other than those included on the 

current FY 70 MCP project. Figure 4 shows the suggested location of the 

additional pond which will allow maxi~~m use of existing piping and possibly 

a minimum of earth work. 
7. The use of the treated waste water from the ponds for irrigation 

of the base golf course is an excellent example of reclaiming waste water. 

In effect this not only results in removal of the waste but an economical 

savings can be shmm at George AFB by the reduction in potable water require­

ments currently used for irrigation. Potable water is currently pumped 

22 22 



from 1~ells in the Mojave River Valley several miles distance from the 

base and requires a several hundr~d foot lift resulting in exceedingly high 

pumping cost. Additional use of the water for irri~3tion should be investi­

gatej by base personnel. Appendix E contains an excerpt from the California 

Admini>trative Code for the safe direct use of reclaimed waste water for 

irrigation and recreational impoundments. The standards contained in the 

code should serve as guidelines in the r~use of waste w~ter at George AFB. 

r,, The existing ponds r.:quire maintenance, particularly o~ the 

~cu:h c;;.;s, to d'rect storm water around the ponds and otherwise protect 

:he .'~d embankments. 
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G. ~}y_d]e_Q..!Jl~_U.o_n an<J_QJ.sposal_ 

I. Sludge Digestion: 

a. Sludge digestion takes place in two separate digestion units: 

(I) the bottom compartment of the clarigester, and (2) a separate digester. 

The clarigester design is somewhat based on the !mhoff tank principal. Both 

digesters are heated to approximately gooF and mechanical mixing is provided. 

Sludge from the final clarifier flows by gravity to the raw sewage lift 

station and then to the primary clarifiers. Sludge from the large (55') 

primary clao•lfier is currently pumped for 30 minutes each 2 hours to the 

digestion compartment of the clarig%tH. The pumps capacity is approximately 

35 GPM. Sludge settled in the clarifier compart.~ent of the clarigester is 

deposited directly (like an Imhoff tank) to its digester. Partially di:~ested 

s 1 udge from the c I ari ges ter is pumped for 30 minutes each day to the sepdra Le 

digester where further digestion takes place. 

o. Th~ current and projected loadings on the digesters and 

expected detention times for digestion and storage of the sludge is sw1111arized 

in Table B. Calcul~tlon> are contained in Appendix C. The projections fo.-

the additional ~uarters indicate that the detention time for sludge di~estion 

and volatile solids loading will be within design requirements to provide a 

1vell digested sludge. Final storage capacity and storage time for digested 

sludge, however, will be somewhat limited. This lack of storage caoacity 

should orove to be of little problem with frequent withdrawal of digested 

sludge for final disrosal. 

c. The f·:e1d survey data indicate that an excessive amount of 

sludge was being pumped from the large primary clarifier to the digester 

24 
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Current 

Table 8 

CURRENT AND PROJECTED DIGESTER 
LOADINGS AND SLUDGE DETENTION 

Volatile flaw Sludge 
Solids ------1Ds7aayr---

1000 ft:l 

Sludge 
Volume 

lbs/day digester Raw 
I_C!_taL ___ _sJ?_af~--- g3(day 

Digested 
_ft3(day 

Sludge( 3) 
Detention 

Digestion Storage 
_ ___]_a;t ~- - ···-·- •. !!N.L 

Survey Oa ta (I) 513 28.0 500 163 55 28 

Imnroved( 2) 513 28.0 315 135 84 
Concentration 

Projected( 2) 

372 Qtrs 684 37.2 421 181 61 

563 Qtrs 718 39.0 442 189 58 

NOTES: (I) Based upon actual field survey data of 2% total solids in raw 
sludge pumped to clarigester@ 65% volatile solids and 5% total 
solids in digested sludge. 

34 
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(2) Based llpon 4% total solids In raw sludge@ 65% volatile and 6% 
total solids in digested sludge. 

(3) Digestion period based upon volume of the digestion compartment 
of the clariyester and upper compartment of separate digester 
while storage ~eriod based upon volume of lower COI•IPartment of 
separate digester. 
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compartment of the clarigester. The concentration of this sludge was only 

2 per cent. The settleable solids concentration of thP. raw sewage 

(including secondary sludge) averaged 5.3 ml/1 and the trickling filter 

recirculation flow through the large clarifier averaged 0.7 mg/1. Equatin9 

these values to thP. total flow through the large clarifier, the sludge 

pumped to the clarige~ter should be about 3,900 gal/day whereas 12,600 

gal/day was actually being pumped. The smaller volume also compares with 

a 4 per c~~t solids concentration in the sludge and the per cent suspended 

solids removal found in the large clarifier, A rectuced sludge pumping rate 

(both in pumping time and/or frequency) should increase the concentration 

of sludge solids to approximately 4 per cent and allow dn increased detention 

time for digestion in the clarigester. As such a 4 per cent sludge concentra­

tion is used in Figure 8 in estimating the projected loadings and detP.ntion 

times. The plant ~ersonnel should frequently monitor both the suspended and 

settleable solids concentrations of the influent to the large clarifier for 

estimating the volume of sludge that will require pumping to the clarigester 

and adjust pumping rates accordingly, 

d, No direct measurement could be o::tained oft~~ solids concen-

tration of the sludge being deposited directly from the clarifier of the 

clarigester to its digester. Sludge withdrawn from the clarigester, however, 

had a solids concentration of approximately 4 per cent. Considering the 

more dilute sluJJe from the larger clarifier, mixing of the sludges in the 

digestion compartment, and some concentration during digestion, it is 

reasonable to assume the concentration of the sludge being deposited directly 

in the clarigester was at least 4 per cent. 
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2. Digested Sludge Removal and 01s~1lsa1: 

a. The existing sludge drying beds consist of eight diked 

sections with a total surface area of 8,680 ft2. Currently, on a weekly 

average, one bed is flooded per week to a depth of 3 inches. This would 

indicate on an average a digested liquid sludge removal rate from the 

digester of 40 ft3/day. Calculations from the field survey data indicate 

that 3 to 4 times that amount (see Figure 8) should be currently withdrawn 

from the digester. Plant personnel do not currently perform volatile solids 

of the raw and digested sludges to determine when the sludge is well stabi­

lized. There is a strong possibility that a significant portion of the 

sludge solids is being returned to the main plant's effluent. Periodically 

during the survey the plant's final effluent had exceedingly high concentra­

tions of settleable solids and the blackish appearance of digested sludge. 

b. The existing sludge drying beds are so constructed that 

manual removal of the dried sludge is required. From Figure 8 the volume 

of digested sludge projected for the additional quarters will require flooding 

of all of the existing beds to a depth of 9 inches on a 20 day cycle. The 

limited storage volume for di~ested sludge in the digester requires that the 

entire storage volume of the digester also be removed at least every 24 days. 

Indications are that the ex .• ting beds might suffice during the warmer months; 

however, twice their area ~~ould be required during the cold months. To 

man~ually remove and handle the required volume of dried sludge is impractical 

and an unnecessary waste of manpower. Existing conditions at George AFB 

appear ideal for direct land disposal of the liquid digested sludge, 1 .e., 

suitable land area and an almost ideal climate. 
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c. Appendix E contains a technical paper relating to the 

land disposal of digested sludge which contains guidelines and further 

references for this method. A combined method of disposal using the 

existing drying beds to the extent practical and land disposal of remain­

Ing liquid digested sludge for Its moisture content and as a soil 

condit1oner and fertilizer should prove most beneficfol for the base. 
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IV. CONCLUSIONS 

I. The main sewage treatment plant at George AFB is currently r~moving 

81 per cent of the raw sewage's BOD and 85 per cent of the suspended soiids. 

These efficiencies are expected to drop to 78 per cent BOD removal and 8,? 

per cent suspended solids removal with the additional quarters. Eighty 

five per cent BOD and suspended solids removal is considered the minimum 000 

and suspended solids removal acceptable in providing secondary treatment as 

required by Executive Order 11288 and AFR 161·22. 

2. The efficiency of BOD and suspended solids removal including both 

the main treatment plant and stabilization ponds is 77 per cent and 71 oer 

cent respectively. This decrea~c in efficiency from that of the main treat· 

ment plant alone is due to the carry-over of algae suspended in the 

effluent from the stabilization ponds. 

3. The current FY 70 MCP project will correct existing and projected 

hydraulic deficiencies. Relocation of orfices on the distributors of each 

trickling filter by plant personnel can increase their hydraulic capacity. 

4. rio trea1:11M;nt is provf ded for a 1 arge quantity of indus tria 1 waste. 

This waste can be adequately treated in combination with domestic sewage. 

Prior oil and grit separation should be provided before discharge to the 

most convenient sanitary sewer for treatment at the sewage treatment plant. 

5, Adequate sewage ar1d industria 1 waste treatment in conformance 

with Executive Order 11288 and AFR 161-22 to the extent of 85 per cent BOD 

and suspended solids removal can be provided by: 

a. The construction of one additional stabilization pond of 7.5 

acres. This pond should be the first to receive partially treated waste 

29 
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from the main plant. Improvement of the effluent st1·ucture of the final 

pond in series is required to reduce carry-over of algae in the final 

effluent. 

b. The increased use of the treated waste water. This not only 

reduces the BOD and suspended solids discharged off base from the 

stabilization ponds but also decreases the quantity of potable water 

production that must be pumped a long distf.nce at an exceedingly fncrtase 

in elevation. 

6. The current fac11ities for the digestion of sludge w111 suffice 

for the projected Increases. Additional sludge drying beds will be 

required or land disposal of liquid digested sludge will be required. 

The soil and climate are almost Ideal at George AFB for the land disposal 

of liquid digested sludge. 
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V. RE COMMENDA Tl ONS 

1. Continue with current FY 70 MCP project for hydraulic improvement 

of the main treatment plant and construction of a grit chamber and 

laboratory facility. Reference SPLED-MP ltr, Sewage Treatment and Disposal, 

FY 70 MCP, George AFB, CA, 17 Sep 1969 (See Appendix D). 

2. Construct one additional waste stabilization pond of 1.5 acres. 

This pond or cell should be the first to receive wastes from the main treat­

ment plant. Figure 4 contains a suggested location for this pond. The 

overflow structu1•e from this pond should be cunstructed similar to that 

indicated in paragraph 3 below. 

3. Construct a new overflow structure for the final pond used in 

series. The overflow structure should consist of a manhole or box equipped 

with multiple-valved pond draw off lines or an adjustable overflow device 

so that the liquid level of the pond can be adjusted to permit operation 

at depths of 2 to 5 feet, The lowest of the draw off lines to such 

structure should be 12 inches off the bottom to control eroding velocities 

and avoid pickup of bottom deposits. The overflow from the pond should be 

taken near, but below, t~e water surface to release the best effluent and 

insure retention of floating solids. 

4. Continue the use of water from the stabilization ponds for 

irrigation of the golf course and extend this operation to other areas, 

(See Appendix E for standards.) Continued irrigation during the winter 

months in convenient areas as a method of waste disposal is suggested to reduce 

the liquid volume and total pounds of BOO and suspended solids discharged off 

base. Use of the water on the golf course "greens" during winter months, 
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however, is not rec011111ended as some matting of suspended solids in .the 

water may occur due to reduced decomposition 1n the soil of these solids 

from low temperatures. 

5. Use existing sludge drying beds to the extent practical and 

practice land disposal of remaining liquid dfQested sludges. (See 

Aocendix E for land disposal.) 
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Appendix A 

MONTHLY CLIMATOLOGY SUMMAR! ES 

George AFB, California 

NOTE: The values contained in this summary have been obtained from 
20 years of recorded data between the years of 1942-1965. It should 
be noted that these values are representative of average conditions 
and can fluctuate frorr, the norrr at any time. 
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JANUARY 

1. TEMPERATURE: The average daily maximum temperature for January 
is 56.8°F with an avera~e minimum of 33.2°F. The temperature extremes 
are a record high of 80 F and a low of 9°F. 

2. PRECIPITATION: The amount of measurable precipitation reaches its 
maxiiiiimi"Total 1n January with an average of 0.86 inches. January also 
receives the greatest amount of snow 111th an average of 1. 7 inches; the 
snow falling once every two years. The greatest amount snow was 9.0 
inches in a 24 hour period. The greatest amount of measurable precipi­
tation was 2.74 inches. 

3. SURFACE WINOS: The prevailing wind direction is southeasterly 
through southerly and accounts for 11.5% of the wind. The maximum wind 
gust was out of the south at 54 knots. 

4. FLYING WEATHE~.: January will be slightly less cloudly than December. 
The sky condition will be clear to scatt•lred 65.0% of the time. Condi­
tions greater than 1000 foot ceilings and 3 miles visibility exists 98.7% 
of the time. 

5. SEVERE WEATHER: Thunderstorms are rare during the month of January 
but high winds and associated turbulence as well as isolated instances 
of heavy rain ( 1. 73 inches in 1963) can be expected with the numerou; 
frontal passes during the month. 

6. SUMMARY: 

34 

TEMPERATURE: 

Absolute Maximum-··--···80.0°F 
Absolute Minimum--··---- 9.0° 

Average Maximum·------56.8°F 
Average Min1mum-------3?.2°F 

MEAN----··-45.2°F 

PRECIPITATION: 

Average 
Greatest 

0.86 inches 
2.74 inches 

FLYING WEATHER: (Greater than or equa 1 to) 

10,000/10 
3,000/3 
1,000/3 
1,000/1 

86.1% 
96.1% 
98.7% 
99.3% 



FEBRUARY 

1. TEMPERATURE: The average dally maximum temperature tor February is 
59.8°F with an average minimum of 35.7°F. The temperature extremes are 
a record high of 79°F and a law of 13°F. 

2. PRECIPITATION: During February there is an average of 0.59 inches of 
rain occurring on an average of 4 days. Snowfall averages only a trace. 

3. SURFACE WINDS: The prevailing wind dtrection is from the South with 
a secondary maximum from the West (these account for 47% of all winds). 
Maximum winds (in excess of 30 krots) occur from the SW-W during the month. 

4. FLYING WEATHER: The condition of clear to scattered clouds exist 
59.4'Z of the time. Conditions greater than 1,000 foot ceilings and 
3 miles visibility exists 99.1% of the time. 

5. SEVERE WEATHER: There have been no thunderstorm occurrences recorded 
durin9 Februa~ut high winds and associated turbulence can be expected 
with numerous frontal passages during the month. 

6. ~UI~MARY : 
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TEMPERATURE: 

Abso 1 ute Maximum 
Mean Daily Maximum 
Mean 
Mean Daily Minimum 
Abso 1 ute Mini mum 

PRECIPITATION: 

Average/Month 
Greatest/Month 
Average No of days 

with measurable precip 

FLYING WEATHER: 

10,000/10 
3,000/3 
1,000/3 
1,000/l 

79°F 
59.8 
47.9 
35.7 
18 

0.59 inches 
1.91 

4 

84.6% 
96.3 
99.1 
99.7 
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MARCH 

L TEMPERATURE.: The average daily maximum for March is 64.0°F with an 
average minimum of 38.7°F. The temperature extrenlE!s are a record high of 
85°F and a low of 24°F. 

2. pRECIPITATION: During March there is an average of 0.50 inches of 
rain occurring on an average of 3 days. Snow is infrequent, occuring an 
average of once every three y,'ars. 

3. SURFACE WINDS: The prevailing wind direction is from the South with 
a secondary maximum from the West (these account for 56% of all the winds). 
One of the strongest gusts recorded was 62 knots from the SSE in 1954. 
Maxi mum winds (in excess of 30 knots) occur from the S-W during the month. 

4. FLYIN(Li>!_E__ATHE~: The condition of ceilings greater than 10,000 feet and 
visibility greater than 10 miles exists 84.9% of the time. Conditions 
greater than 1,000 foot ceilings and 3 miles visibility exists 99,1': of 
the time. 

5. SEVERE WEATHER: The most severe weather to be encountered will be 
high-windSTaverage peak gusts of 42 knots) associated with frontal 
passages during the month. 

6 . ?_u_MMAR_'(: 

36 

TEMPERATURE: 

Absolute Maximum 
Mean Daily Maximum 
Mean 
Mean Daily Minimum 
Absolute Minimum 

PJl.EC_I?] J_A_T.LOH: 

Average/Month 
Greatest/Month 
Average No. of days 

with measurable precip 

s5°F 
64.0 
51.6 
38.7 
24.0 

0.50 inches 
1.46 

3 days 

FLYING WEATHER: 

10,000/10 
3,000/3 
1 ,000/3 
1 ,000/1 

(Greater than or equal to) 

84.9% 
97 '1 
99' 1 
99.5 

36 



APRIL 

1. TEMPERATURE: Average daily maxino"m during April is a 72'F while 
the average minimum is a 44°F. Records show that temperature extremes 
are a record high of 94°F and a low of 31°F. During the month one day 
with freezing temperatures may be expected. 

2. PRECIPITATIOfl: During the roonth of April an average of 0.26 inches 
of p'recip1tation can be expected with 2 days of measurable precipitation. 
Snow is a rare occurance with an average snowfall of 0.1 inches lasting 
only a few hours. 

3. SURFACE WINDS: The prevailing wind directions during April isS 
through w. Southerly winds {SSE-SSW) occur 33.3% of the time, while a 
westerly wind {SW-WNW) occurs 37.1%. During April an effective crosswind 
of 20 knots or greater may be expected 3.3% of the time. 84.9% of the 
April winds are less than 21 knots. 

4. fLV_!}!_G_,WEB_THEB_: The predonlinate sky coverage is a clear to scattered 
condition wTth clear skies prevailing 45% of the time. A broken to over­
cast condition can be 28.5% of the time. Conditions greater than 1000/3 
(VFR) occurs 99.6!c of the time, while 90.4% of all ceilings are in 
excess of 10,000 ft. 

5. SEVERE WEATHER: Although severe weather does occur at George these 
occurences are-Trifreqllent. Thunderstorms have been recorded during the 
roonth but these occurences are extren-ely rare. The most coi!YTIOn severe 
weather occurance is high winds and usually occurs with a frontal passage. 

6. SUMMARY: 
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TEMPERATURE: 
Absolute Maximum 
Mean Daily Maximum 
Mean Daily Minimum 
Absolute Minimum 

PRECIPITATION: 

Average Monthly Precip 
Average No. of days w/measurable 

precip 

FLYING WEATHER 

>5000/5 
">1000/3 
7 1000/l 
< 200/', 

',, ·'-·' 

940f 
72 
44 
31 

0.26 inches 

2 days 

93.8% 
99.6% 
0.2 
0.1 

37 



t 
f 

MAY 

1. TEMPERATURE: ihe avera~e daily maximum during Ma• , a 79'F while 
the average minimum is a 50 F. Records show that temperature extremes 
are a record high of lOO'F and a low of 36'f. There are no days during 
the month when temperatures will drop below freezing. 

2. PRECIPITATION: During the month of May an average of 0.08 inches of 
precipitation can be expected with 0.5 days of measurable precipitation. 
Snow is a very rare occurance with only trace being recorded. 

3. SURFACE WINDS: The prevailing wind direction during May is S through 
W. Sou;,~erly winds (SSE-SSW) occurs 35.0% of the time, wh11e a Westerly 
wind (SW-WNW)o~·curs 37.7%. During May an effective crosswind of 20 knots 
or greater may be expected 2.5% of the time. 89.5% of the Maywinds are 
less than 21 knots. 

4. FLYING WEATHER: The predominant sky coverage is a clear to s~attered 
cond1tlOri--wrthCTear skies prevailing 55% of the time. A br!Jken to over­
cast condition can be expected 18,5% of the time. Conditions greater 
than 1000/3 (VFR) occurs 99.9% of the time while 96.2% of all celings 
are in excess of 10,000 ft. · 

5. SEVERE WEATHER: Severe weather does occur during May but these 
occurences are infrequent. Though thunderstorms have been recorded 
during the month these occurences are rare. The most common severe 
weather occurance is high winds and ususally occurs with a frontal 
passage. 

6. ?_U~l!ARY: 

TEMPERATURE: 
Absolute Maximum 100°F 
Mean OAi ly Maximum 79 
.~ean Oaily Minimum 50 
Absolute Minimum 31 

Precipitation: 
Average Monthly Precip 
Average No. of days with 

0.08 inches 

Measurable Precip 0.5 days 

FLYING WEATHER 
;,.5000/5 97.6% 
.;:.1000/3 99,9 
<1000/l 0.0 
< 200/', 0.0 
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JUNE 

1. TEMPERATURE: The average daily maximum during June is 88°F, with 
the average minimum of 57°F. Records show that temperature extremes 
are a record high of 111° and a low of 41°F. There are no days during 
June when temperatures will drop below freezing. 

2. PRECIPITATION: During the month of June an average of 0.01 inches 
of precipitation can be expected with 0.5 days of measurable precip. 

3. SURFACE WINDS: The prevailing wind direction for June is SE through 
W. Southerly winds (SE-SSW) occurs 30.1%. During June an effective cross­
wind of 20 knots or greater may be expected 1.2% of the time. 90.7% of 
the June winds are less than 21 knots. 

4. FLYING WEATHER: The predominant sky coverage is a clear to scattered 
condition with clear skies prevailing 73.6% of the time. A broken to 
overcast condition can be expected 9.2% of the time. Conditions greater 
than 1000/3 (VFR) occur 99.9% of the time while 98.7% of all ceilings 
are in excess of 10,000 ft. 

5. SEVERE WEATHER: Severe weather is a rare occurance during June. The 
only occurances have been thunderstorms and winds with these being rare. 

6. SUMMARY: 

TEMPERATURE 
Absolute Maximum 
Mean Daily Maximum 
Mean Daily Minimum 
Absolute Minimum 

PRECIPITATION 
Average Monthly Precip 
Average No. of days with 

Measurab 1 e preci p 

FLYING WEATHER 

.::_300/3 
2_1000/3 
~1000/1 
i 200/1, 

1110F 
BBOF 
S70F 
41°F 

0' 1 

0.5 

99.9% 
99.9% 
0.0% 
0.0% 

inches 

days 
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JULY 1967 

1. TEMPERATURE: Tho:~ aver~2e daily maximum during July is 96.4'F with 
the average mfnimu,,o ot 65.6 F. Records show that temperature extremes 
are a record high of 108° and a low ot 50°F. 

2. PRECIPITATION: During the month of July an average of 0.10 inches 
of precipitation can be expected with 2.4 days of measurable precjpi­
tation. The greatest amount of precipitation which has occured during 
July is 0.72 inches. 

3. SURFACE WINDS: The prevailing wind direction for July is SE through 
Sf!. Southerly -Winds (SE-SSW) occur 55.9% of the time, while a Westerly 
wind (SW-W) occurs 19. 7%. 94.1% of the July winds are less than 16 knots. 

4. FLYING WEATHER: The predominant sky covt!rage is a clear to scattered 
condfiTiinprevaTHng 71.8% of the time. Conditions greater than 1000/3 
(VFR) occurs 99.9% of the tiJre while conditions greater than 10000/10 
occur 95.6:t of the time. 

5. .S_E1S..RJ WEA.LH.f:_R_: July l1as an average of two days with thunderstorms . 

6. .SUMMARJ: 

TEMPERATURE: 
Absolute ~aximum 108°F 
Me'•" D•i 1:• Maximum 96.4 
Mean Daily Minimum 65.6 
Absolute Minimum 50 

PRECIPITATION: 
Average Monthly Precip 
Ave rage No. of days with 

0. 1 inches 

Measurable Precip 2.4 days 

FLYING WEATHER 

.JOOOO/ 10 95.6% 
::_3000/3 99.8% 
2.1000/3 99.9% 
_>_1000/1 100.0% 
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AUGUST 

1. TEMPERATURE: The average daily maximum temperature for August is 
94.6°T;·wnh an average minimum of 64.4°F. The temperature extremes 
are a record high of 106°F and a low of 49°F. 

2. PRECIPITATION.: August has a mean of 0.17 inches of precipitation 
which is due primarily to thundershowers. The greatest amount that 
has occured in August Is 1 . 27 inches. 

3. SURFACE WINOS: The prevailing wind direction is SE through SW. 
Soutfie-rTyWfrids\SSE-S-SSW) occurs 41.4% of 'he time and Westerly 
winds 13.0'1:. Calm winds are observed 71 hours during the month and 
wind~ in excess of 16 knots are observed 44 hours. The windiest 
time of the day is 1600L to lBOOL. The maximum wind has been a SE 
wind at 35 knots. 

4, F.!} .. l.ti.G..!JJAT~J.B.: August wi 11 be slightly 100re cloudly than July. 
The predominant condition of clear to scattered clouds exists 88.6!: 
of the time. Conditions greater than 1000 feet ceilings and 3 miles 
visibility exists 99.9:t: of the time, greater than 10000/10 exists 
96.2.,, of the time. 

5. S.,E_'!]:B..E .. !!.EATHER: August has an average of one day of thunderstorms. 

6. ?U~R_Y_: 

41 

TEMPERATURE: 
Absolute f!•ximum 
Average ~laximum 
Mean 
Average Minimum 
Absolute Minimum 

PRECIPITATION: 

Ave rage 
Greatest 

FLYING I~EATHER: 

.>.10000/10 
> 3000/3 
; 1000/3 
~ 1000/1 

l06°F 
94.6° 
79.9' 
64.6° 
49° 

O.l7inches 
1.27 inches 

96.2% 
99.9 
99.9 

100.0 

41 
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SEPTEitlER 

I. TEMPERATURE: The average daily muimum. temperature for September is 
90.1°F, with an avera9e minimum of 59.2°F. The temperature extremes 
are a r·ecord high of 107° and a low of 36°F. 

2. PRECIPITATION: Septerrber has a mean of 0.19 inches of precipitation 
whicli is due primarily to thundershowers. The greatest amount that has 
occured in August is 2.46 inches. 

3, SURFACE WINDS: The prevailing wind direction is SE through SW. 
Southerly winds {SSE-S-SSW) occurs 34.9 of the time and Southwestern 
winds 27.5%. Calm winds are observed 67 hours during the month and 
winds in excess of 16 knots are observed 33 hours. The maxi mum wind 
has been aS wind at 38 knots. 

4. FLYING WEATHER: September will be slightly more cloudy than August. 
The predominate condition of clear to scattered clouds exists 69.3% 
of the time. Conditions greater than 1000 feet ceilings and 3 miles 
visibility exists 99.8% of the time, greater than 10000/10 exists 9?.5X 
of the time. 

5. ?E'[ERE WEATHER.: Septenber has an average of two days of thunderstorms. 

6. SUMMARY: 

42 

TEMPERATURE: 

Absolute Maximum 
Average Maximum 
Mean 
Average Minimum 
Absolute Minimum 

PRECIPITATION: 
Average 
Greatest 

FLYING WEATHER: 
10000/10 
3000/3 
1000/3 
1000/1 

107°F 
90.1 
74.8 
59.2 
38 

0.19 inches 
2.46 inches 

95.2% 
99.5 
99.8 
99.9 

_____ .................. ~-· .... '!'"'"'"'' .-...... .., ..... _"" ...... ~ .... ,..,, ... .,; ........ ..,!,~, ....... -.... !+''*if·.'!'''"'' . .,,,. 
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OCTOBER 

1. TEif>ERATURE: The average dally maximum temperature for October is 
78.60F, with an average minimum of 50.40F~ The te.mperature extrellX!s 
are a record high of 950F and a low of JluF. 

?. PRECIPITATION: October has a mean of 0.19 inches of precipitation 
which is due primarily to weather associated with frontal passage. The 
greatest amount that has occurred in October is 1.14 inches. 

3. SURFACE WINOS: The prevailing wind direction is SE through S which 
occurs 36.2% of the time, Calm winds are observed 72 hours during the 
month and winds in excess of 16 knots are observed 36 hours. The maximum 
wind has been a NW wind at 44 knots. 

4. FLYING WEATHER: October will be slightly more cloudy than September. 
The predomfnafiicond1tion of clear to sc~ttered clouds exists 62.6% of 
the time. Conditions greater than 1000 feet ceilings and 3 miles visi .. 
bility exists 99.81: of the time, greater than 10000/10 exists 90.6Y. of 
the time. 

5. ~EVERE WEATHE~: Octooor has an average of one day of thunderstorms. 

6. SU~RY.: 

43 

TEMPERATURE: 

Absolute Maximum 
Average Maximum 
Mean 
Average Minimum 
Absolute Mfnfr.tUm 

PRECIPITATION 

Average 
Greatest 

FLYING WEATHER: 

10000/10 
3000/3 
1000/3 
1000/l 

95°F 
78.6 
64,7 
50.4 
31 

0.19 inches 
1.14 inches 

90.6% 
99.5 
99.8 
99.9 

43 
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.~OVEMBER 

1. TEMPERATURE: The average daily maximum temperature for November is 
64.70F, with an average minimum of 39.10F. The temperature extremes are 
a record high of BSOF and a low of lOOF. 

2. PRECIPITATION: November has a mean of 0.44 inches of precipiation 
which is due primarily to the weather associated with frontal passaqes. 
Snow is rare for this month; although 8.8 inches fell in 1964. Relatively 
high temperatures prevent a large snow cover on the ground. 

3. SURFACE WINDS: The prevailing wind direction is SE accounting for 
13'1. oTalTwinds. Winds between south and east occur 39% of the time. 
Calm winds are observed 70 hours during the month and winds in excess of 
16 knots are observed 42 hours. The maximum wind has been a SW wind 
at 51 knots. 

4. FLYING WEATHER: November will be cloudier than October. The pre­
dominate condition of clear to scatterea clouds exist 76.5:c of the time, 
Conditions greater than 1000 foot ceilings and 3 miles visibility exist 
99.3i of the time. 

5. SEVERE WEATIIER: Severe 1vca ther (thunders tonns, high winds, etc.) 
present sonlE hazards during the month of November. Frontal passages 
become more frequent and will be accompanied in many cases by rain 
showers (and ln sorrc cases thundrr~tonns), wide spread cloudiness and 
hi~h gusty surface winds. 

6 . S._UJ1_MAR_Y,: 

44 

TE~lPERATURE: 
Absolute Maximum 
Average Maximum 
n~an 
Average Minimum 
Absolute MininiUIII 

Precipitation 
Average 
Greatest 

FLYING WEATHER: 
10,000/10 
3,000/3 
1 ,000/3 
1 ,000/1 

85°F 
64.7 
52.1 
39.1 
10 

0.44 inches 
1.80 inches 

88.6% 
98.2 
99.3 
99.5 
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DECEMBER 

1. TEMPERATURE: The average dally maximum temperature for December 
is 58.66F, with an average minimum of 34.4°F. The temperature extremes 
are a record high of S60F and a low of 17°F. 

2. PRECIPITATION: December has a mean of 0.62 inches of precipitation 
which is due primarily to the weather ~ssociated with frontal passages 
and a closed low pressure system aloft off the coast of San Diego. The 
greatest amount that has- occured in Uecember is 3,86 inches of rain and 
1.1 inches of snow. 

3. SURFACE WINDS: The prevailing wind di1-ection is southeasterly with 
a secondar~1aximum out of the south. Southeasterly, south-south 
easterly and southerly winds occur 33.0% of the time. \~esterly winds 
occur 9.3~. of the time. The maximum wind gust for December was out of 
the north at 56 knots. 

4. FLYING WEATHER: December will be slightly more cloudy than November. 
The sky condition will be clear to scattered 71.8% of the time. Condi­
tions greater than 1000 foot ceilings and 3 mile visibflity exist 99.o;: 
of the time. 

5. S[VER[ WEATHER: Severe weather (thunderstorms, high winds, etc.) 
presen1--some-nazards during the month as frontal passages become more 
frequent. Fronts will be accompanied in many cases by rain showers 
(and in some cases thunderstorms) widespread cloudiness and high gusty 
surface winds. 

6. SUMMARY: 

45 

TEMPERATURE: 
Absolute Maxi.num 
Ahsolute Minimum 
Average Maximum 
Average Minimum 
Mean 

PP.ECIPITATION: 
Average 
Greatest 

FLY !riG WEATHER: 
10,000/10 
3,000/3 
1,000/3 
1 ,000/1 

(Greater than or equal 

0.62 inches 
3.86 inches 

to) 
88.1% 
97.3 
99.0 
99.4 

tl5 
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Appendfx 8 

FIELD SURVEY DATA 

(FLOW A~D WASTE ANALYSIS) 
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Co·· ··' •··· ··r.'·/ 
~·~O:..:.~:..i:,l,;,.;,\ i ,;, V~l'4-..:;..,. 

~ i/ i·~axirroum ri. v¢r:.;~u . ! 
..... \<.t,IIW.t.O '"'J r~~o:-dcd i (;v:.·.?\)w::.vu :.vt:J6"'t.J.; !/ ~eco1~ed Cor·po::r''t&t '·· .... ~ .. 

V4LJ.'~\.! 1 V~\!\l ~"os/;r...:; ~ V£J.ua Vu:c.; i ~~~iL~·.~ 

I " I 

;;h 7o4 7.) - I!· 7o5 7.L . Col::-r 
. , 

I - - j: -
1.\l~'..:!.c.: .. :l.y I - - - - -·---l ,. 

?.' •. ~:.;.;:~'.,. :::s I (;,:;;/:) (;:.;J/..) (mc/.1.) (~ .. Jl) I 
I I ... ,... 
' 214 17)1 101 64 057 ;,~) .J -C:J:.J 9.67 438 • II 181 131 • ,,,.."' 200 170 -~·J • • :I 'o.'..:>t~ s. eoo 519 468L 

c: ..•• s. B.Oit 5o3* - il _0,)* o.~ ..-...: l,o .... 
,., • l .... s. 305 178 1440 110 73 791 ......... .,. 

h '. 9.2 5.2 42 ..... .J ' -
.·~..·~ 21,0 18.8 152 : 

'I • 
; .. : ... ::.. 25,0 21.1 170 I! 

t;·. -· .v...,J ,Ol9 ,008 I 0,1 ii -V:i:....:.. ::.:. 19,0 11.6 i 94 !I 8,0 h.o "" ' . 
c.r~~z I i! 

',''\'fl( 'I'(' (m!:/'1) (me/l) 'I (mg/l) (mdl) ... ~ ........ ~ 
! CJ.t:~i ~u:~; 0,02 0,01 0,1 • 

! CfJ.O:·:IUM 0,08 0,:)5 0.4 - - I COP?E.'\ 0,07 0,06 o.s 
Yil1N 0,)1 0,)0 2.4 - I LEI.D 0,05 o.os o,J; -
}~/.XGA:~,-zsF. 0,08 o.o8 0,6 - i 
s Ii.. V'r!.:-t o.~l 0,16 I l,) - j I zrf;c o. 27 0,20 i 1,6 -

i :·.:u.x :J...m-.r 

I 
! 

I .. ,.. .... - 0,91 - • O.G7 l'oV.IJ 

i G?l·~ - 674 - - 465 
' ,. 

.. * Reported as ml/l 

Table 9: Stations I & 2 Physical and Chemical Analysis Data 
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• r "· .. , ... ., I ·v·· ... ,., ,r l'o'-~-•"v.." 4'). ""• ""h'"' 

1 Oom:·~i·wu~r.t ;t~c;)~"c.~~ I Vc::.)o.U:..\.~ A vel~fl ue j 'I 

Co:nj)os::.te, J.. vc~"~r.\) 
Vall:.e i L'vJ/f.u.·'i 1 j V;;;.:.lu Vul~~ 

I pH 7.4 i 7.3 - II 7.6 7.'5 I 
I Col.:l;' • , • • jl:l • • I 

';urb:.Gi'~y • I • • 11 - - i 
~---~~------~----_J------~-----4------~----~ I' I 

SOil 
COD 
·roo 
·rotal :>. 
Soti. S, 
Susp, S, 

r !:O) 
I N4 

~~!BAS 

?r:El:OLS 
CILS & 

m:::t.SE 

C,\:c;;.; IU)I 
C hT.O:.:l\JM 
COPPEk 
If:OlJ 
~E/Jl 
r!ANGANESE 

I SIL\'.::R 
I ZlilO 

f 
I HGD 

(rr • ..fl) 

108 
11.,8 
14$ -o.6l> 
.LOO --
-).8 

(mg/1) 

-
-

--
*Reported as ml/1 

(Ir.G/l) 

ro 
116 
129 -
-
-2.6 

(mg/1) 

-
-
--

0.32 
2n 

160 

-
-168 --
-7 

-
-
-

--

, 1 (mg/l) (mil/1) 
II 

II I 
I 

II 
' 

61 
1$9 
155 -
-
---

(rr.g/l) 

---
-
-
--

59 
121 
126 

(mg/l) 

-
--

0,67 
46S 

Table 10: Stations 3 &4 Physical and Chemical Analysis Data 
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.., .. n! \,.1,: ~j~.LJ. .. 
:.~ ... J~:l..:.t.:.rr. 'v···· .. ··.;, T I! "axi;·u·• 1 Ave-"•e ,j · l, 1\ ~:;.. ., ,.. .. l ' • dh 

Co:.stituer.t R..::~V.:\ ... "d Cor: •. JOs!.·..;,~ : .'.v ... ·rt:iG d it.eCOJ"Cied.j Coo.ipoaitc r.v.-/r:.. :\, 
Val~:o V.Uue I ;;.,:;/Day li V<J.~:e Val~e ! Lts/~;.;• 

I 

pP. 7.7 7.5 I. 
li 7o6 7.~ 

I - -
C~l~r - - I - - - - I 

'.:'urbidity - - i • I - - - j 
I 

(r.:g/:1.) (n:g/:1.) T (mg/l) (mg/l) 
I I ?AP.A:·iET&t.S I I EO:J 53 41 I 109 67 $) 429 

co:. uo 87 - 146 10) - I 

T0D 117 66 I - 148 ll' -Total s. - - - - - ~ 

Sett. ·s. 0,4• 0,2* • 1.)* 1,0<1 -
Su::~p. s. 90 49 l)l 65 50 404 I :;o; - . • - - I - I 

'0"' I I .. 1,.1~ - . - - - -i ' :crH$ . - I • - - I - I 
" ,018 ,011 O,l 

I Pr::::::·:OLS - - • 
OILS & - • • - • I - i 

I 

~"'"[J...SE 

I 
I 

i·:E'r':1LS (mg/l) (mg/l) (mg/J.) (mg/l) I I - I 

I ' C/~Dl·l IU:·! • • • - - - ! Cli!!Ol:IUM . • • - - -
C0P?ER - - - - - - I 
rnon - . - - • - I LEAD - . • - • -
~;ANOANE~i·E - - . - . - I 

I 

::II!..V".,;i( • - • - - -
Z!NC .. - . I - - -
:.:::,\N Ftm·T 

i·:oo - 0,)2 - - 0.97 -GPO:. - 222 • - 67~ - •• I 

* RApo rted &IJ rrJ./l .. 

Table 11: Stations 5 & 6 Physical and Chemical Analysis Data 
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Cor.st~ tuer.ti 

., 
,Jo'1 

Cole~ .. 
' .. \ .• ~·J:..c..:.. ~J 

cor. 
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Table 12: Stations 7 & 8 Physical and Chemical Analysis Data 
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- ------ STATION 9 STATION 10 Maximum Aver·age Maximum Average Constituent Recorded C~mpos i te Average Recorded Con.pos i te Average Value -· Value Lbs/Day Value Value Lbs/day 
pH 9.0 8. 7 8.0 7.6 Color 160 127 100 76 Turbidity !55 106 0 0 

··-·----~----'---·-·-. -·------
PARAMETERS ( mg/ 1) (mg/1) ( mg/ 1 ) (mg/1) 
800 90 68 504 230 149 coo 187 160 1140 602 TOO 190 147 1170 535 Tot a 1 s. 580 529 970 606 394 Sett. s. 0.2* 0 .I* T* o• Susp. 5. 105 69 55 27 18 N03 4.4 3.9 20.0 6.9 5 P04 10.8 6.6 50.0 18. 1 12 MBAS 400 161 105 PHENOLS .014 .011 .049 .02! 0. 1 01 LS & 2.4 1.6 12.9 6.9 5 GREASE 

------- ----- -·-·-·---··----
fiE..lliJ (mg/1) (mg/ 1) ( mg/1) (mg/1) 
CADMIUM 0.01 0.01 0.04 0.02 0.1 CHROMIUM 0.05 0.05 0.15 0.08 0. I COPPER 0,02 0.01 0.08 0.04 0.1 IRON 0.06 0.06 0.30 o. 18 0, I LEAD 0.05 0.05 0.33 0' 12 0.1 MANGANESE 0,05 0.05 0.10 0.07 0.1 SILVER 0.10 0.06 0.17 0.09 0. I ZINC 0.05 0.05 0.17 0.08 0 .I 

----------
AVG FLOW 

f'GD 0.65 0.078 GPM 451 54 
*Reported as rnl/1 

Table 13: Stations 9 & 10 Physical and Chemical Analysis Data 
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Table 14: Station 11 Physical and Chemical Analysis Data 
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SLUDGES 

cons t1tuent Statiot'l A Station B Station C* 

pH 6 .I 6.3 7 .I 

ToV.l Sol1ds (%) 1.9 4.0 5.0 

Volatile Solids (%) 62.5 51.0 59.0 

Ash (t:) 37.5 49.0 41 

*Insufficient digest~d sludge withdrawn to be representive . 
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Table 15: Stations A,B,C and D Physical and Chemical 
Analysis Data 

"·l ..... "' , .. ,,.<·«•·· , .. ,,., :--., 

•• .- <- •• ' 

Station 0 

7.3 
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Hour of 13-14 
Q!L__ _Ay_g__ 

0730 0.89 
0830 0.81 
0930 0.94 
1030 I. 21 
1130 1.10 
1230 I. 21 
!330 1.33 
1430 1.21 
1530 1.15 
1630 I. 2! 
1730 1.45 
1830 I. 39 
1930 1.27 
2030 1.21 
2130 0.99 
2230 1.21 
2330 0.99 
0030 (1.67 
0130 1).59 
0230 0.50 
0330 0.42 
0430 0.37 
0530 0.42 
0630 0.42 

i ! 

i,·, 

56 

Station 8 

SEWAGE Fla.IS 

Flow In MGD 
14-15 15-16 16-17 17-18 18-19 
...fu!.!L _Ay_g__ _Ay_g__ ,.lli_ ..fu!JL. 
0.89 0.94 0.59 0.42 1. 27 
0.85 0.85 0.81 0.63 1.15 
1.10 1.15 0.89 0.99 1.62 
0.99 !.50 1.04 1.50 I. 50 
1.15 1.15 1.15 1.21 1.33 
1.15 1.39 I. 27 1.45 I. 39 
1.27 1.39 1.27 1.21 1.33 
1.15 1. 27 1.15 !.IS 1.33 
1.21 1.39 1.27 1.15 1.39 
1.04 0.94 1.21 0.99 1.27 
1.15 1.10 1.21 1.10 1.33 
1.45 I. 33 I. 39 1.21 1.39 
0.94 1.10 I. 33 1.15 1.10 
1.04 1.15 1.15 ).05 1.10 
1.15 0.89 0.99 1.15 1.04 
1.10 0.89 1.04 0.99 1.04 
0.99 0.89 0.89 0.94 0.94 
0.67 0.85 0.85 0.81 0.85 
0.63 0.67 0.81 0.55 0.46 
0.50 0.67 0.67 0.55 0.67 
0.42 0.50 0. 59 0.50 0.55 
0.37 0.50 0.59 0.50 0.50 
0.37 0.46 0.55 0.55 0.59 
0.37 0.55 o. 55 0.59 0.67 

Table 16: Station 8, Sewage Flows 

Avg 
DallY. 

0.83 
0.85 
1.13 
!.29 
1.18 
I. 31 
I. 32 
I. 21 
1.26 
1.11 
I. 23 
I. 36 
1.15 
1.12 
1.04 
1.05 
0.94 
0. 78 
0.60 
0.59 
0.50 
0.48 
0.49 
0.53 
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Station 10 

INDUSTRIAL WASTE FLOWS 

~ I.l!!!. flow (GPO) ~ I 01~ ( GPJ1J 
Wed 13 Aug 2100 10,100 7 2315 10,000 7 
Thurs 14 Aug 0730 14,500 10 0900 90,000 63 1000 75,000 52 1100 85,000 69 1300 36,000 24 1520 . 210,000 146 1605 120,000 84 1635 61,000 42 1900 15,700 11 1950 14,500 10 

Fri 15 Aug 0830 15,500 11 0900 96,000 67 0910 105,000 73 1050 140,000 97 1400 50,000 35 1510 75,000 52 1625 50,000 36 1945 17,000 12 
Mon 18 Aug 0730 50,000 35 1050 112,000 78 1250 85,000 59 1345 160,000 111 1430 210,000 146 1520 130,000 90 

•' .. 

Table 17: Station 10, Industrial Waste Flows 
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Table 18 

ftonthly Average Hourly and Daily Flows From Plant Records 
Hour in MGD 
of May June July Aug Sep Oct Avg of -

Q!L . 1968 1968 1968 1968 1968 1968 Six Months 

0001 ~.87 0.92 1.01 1.02 1.17 1.19 1.03 
0100 ().59 0.70 0.87 0.88 0.96 0.85 0.81 
0200 0.55 0.62 0.68 0.70 0.84 0.71 0.68 
0300 0.53 0.62 0.63 0.63 0.78 0.67 0.64 
0400 0.52 0.63 0.63 0.63 0.76 0.69 0.64 
0500 0.53 0.60 0.64 0.65 o. 77 0.67 0.64 
0600 0.53 0.61 0.63 0.65 0.78 0.66 0.64 
0700 0.57 0.62 0.66 0.66 0.80 0.70 0.67 
0800 0.94 1.00 1.05 1.06 1.26 !. 23 1.09 
0900 1.04 1.14 1.19 1.20 !.44 1.43 1.24 
1000 ). 20 1. 31 I. 33 I. 33 !. 52 1.59 1.38 
1100 I. 27 1.38 1. 40 1. 41 1.65 1.72 1.47 
1200 1.25 1.34 1. 37 1.42 1. 55 1. 59 1.42 
1300 1.21 1.28 I. 31 1. 31 1.49 I. 53 1.36 
1400 1.22 1. 27 1.32 1. 32 1. 51 I. 52 1.36 
1500 1.14 I. 23 I. 26 1.27 1.43 1.48 1.30 
1600 !.15 1.24 1.27 1.27 1.42 1.47 1.30 
1700 1.13 1. 21 1. 26 1. 27 1.42 1.47 . 1.28 
1800 1.13 I. 22 1. 29 1.29 1.43 1.44 1.30 
1900 1.13 1.25 1.30 I. 51 !. 51 1. 54 1.34 
2000 1.12 l.25 1.31 I. 31 1.49 1.50 1.33 
2100 1.19 1.28 1.35 I. 36 1. 52 1. 52 1.37 
2200 I. 22 1.29 1. 36 1.37 !. 51 I. 53 1.38 
2300 !.14 1.22 1.25 I. 25 1.39 1.41 1.28 
2400 0.87 0.92 1.01 1.02 1.17 1.19 1.03 

Daily 
Avg 0.96 1.05 1.10 1.11 1. 26 1. 24 1.12 
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Appendix C 

SUPPLEMENTARY DISCUSSION OF UNIT PROCESSES AND 

DESIGN AND ANALYSIS CALCULATIONS 
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SUPPLEMENTARY DISCUSSION OF UNIT PROCESSES 

1. Comminutors (cutting bar screens) 

Two comminutors are currently installed. The larger has a capacity 

of up to 6 MGD and will suffice for a maximum expected flow of 4 t1GD. The 

smaller has a capacity of up to 2 MGD, however, is· not currently used. 

Plant operat~rs claim the smaller comminutor rotates in the wrong direction 

for cutting. This condition should be checked by an electrician to insure 

the motor is prooerly connected and wound. The blades should also be 

checked to insure they are correctly mounted. The ~maller unit will handle 

most flows and can serve as a standby unit. Depth of flow to the comminutors 

should be controlled so that the cutting blades are completely submerged. 

This provides for even wear on the cutting blades. 

2. Primary Pump Station 

The existing three pumps (750 GPM ea) will not have the capacity· 

to handle peak day, peak flow estimated at 4.0 MGD considering one pump out 

of service for maintenance or repair. The ~urrent FY 70 MCP project 

provides for the replacement of the existing pumps with new pumps of suffi­

cient size to accommodate the estimated peak flow. Sludge from the 

secondary clarifier is returned to this p•~•"P station. 

3. Primary Sedimentation 

a. Raw sewage and secondary sludge from the primary pump station 

passes through a distribution box which divides the flow to 2 primary 

clarifiers. The FY 70 MCP project provides for a new distribution box such 

that the incoming flow from the primary pump station will be divided, 
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213 to the large primary clarifier and 1/3 to the smaller clarigester. 

(1) Large Primary Clarifier (55ft dfam): 

A check of the capac!~ of this clarlfier indicates it 

can accommodate a flow rate of approximately 2.0 MGD (1400 GPM) including 

the recirculation from the larger 60 ft diam first stage trickling filter. 

This is considering a maximum overflow rate of 800 gal/day per ft2 of 

surface area. Sludge from this clarifier is pumped to the digestion 

compartment of the clarigester. 

(2) Smaller Clarigester (44ft diam): 

A simi.lar check of this clarifier indicates it can handle 

approximately 1.0 MGD (700 GPM) including recirculation fro,n the smaller 

44 ft diam first stage trickling filter and not exceed an overflow rate 

of 800 gal/day per ft2 of surface area. The bottom compartment of this 

unit serves as a digester. 

b. The combined capacity of the 2 clarifiers is 3.0 MGD (2100 GPM) 

including recirculation from the first stage filters and not exceeding the 

overflow rate of 800 gal/day per ft2. As a large percentage of the entire 

sewage treatment plant's performance is dependent upon primary sedimentation 

it is suggested that this overflow rate not be exceeded which includes 

recirculation unless required by the volume incoming raw sewage alone. 

A maximum peak day, peak flow of 4.0 MGD (2800 GPM) can be accommodated 

with reduced efficiency of sedimentation. At an average daily design 

flow of 1.45 MGD (563 .additional family quarters) an average recirculation 

ratio of one can be provided for each of the first stage trickling filters 

through the primary clarifiers. When the influent raw sewage exceeds 
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1.5 MGD (1050 GPM) recirculation must be decreased to less than one and 

stopped when the raw sewage influent reaches 3.0 MGD (2100 GPM). When 

the influent flow of raw sewage is less than 1.5 MGD (1050 GPM) 

recirculation may exceed a ratio of one. During low night time flows 

such as below 0.9 MGO (625 GPM) a recirculation of two could be 

maintained. 

- ,Q \_) ' < 

c. Figur_e 7 is a graph that illustrates the maximum recirculation 

t•atios, based on the· influent raw sewage flow rate, that can be maintained 

from the trickling filters and not exceed the maximum suggested overflow 

rate for the primary clarifiers. 

4. fir;t Stage Trickling Filters 

a. Two first stage, high rate trickling filters are in use. The 

larger filter follow• in )ine with the larger 55ft diam rrimary clarifier, 

the >maller filter follows in line with the clarigester. 

(1) 60 ft x 3.5 ft Filter: 

The ma~imum design flow for the distributor of this 

filter is 2.48 MGD {1720 GPM). This maximum flow rate can be increased up 

to 3.6 MGO {2500 GPM) by r~·Jocation of the orfices on the ends of the 

distributor from the rea• to the front. ~aximum rotation of the 

distributor should not exceed 1.5 RPM in any event. The efficiency of 

the filter decreases somewhat with higher organic loadings . 

(a) The speed of rotation (RPM) of the filter distributor 

should provide a good indication of the flow to the filter and be used as 

a guide i~ controlling recirculation. The manufacturer should be contacted 
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by plant rer~onnel as he m~y have available a flow versus RPM curve for 

the specific di~tributor installed. If not, plant operators can roughly 

calibrate t.ne fl011 versus RPM by stopping all recirculation and timing 

the RPt1 based t!~on various influent sewage flows using the plants flow 

recorder. The total nlant flow should be diverted to the large primary 

clarifier during this period. Sufficient time should be allowed before 

timing the rotation to allow flows to balance throughout the rlant. 

{b) This filter is provided with 2 recirculation numos, 

each has a canacity of 0.86 MGD {600 GPM) and one is variable speed. Their 

combined capacity is !. 72 MGD { 1200 GPfl). 

(2) 44 ft x 3.0 ft Filter: 

The maximum design flow for tile distributor of this filter 

is 0.86 11GD (600 GPM). This maximum flow may be increased to 1.41 MGD 

(980 GPM) by r'!location of the orfices like that indicated for the larger 

filter. flaximum rotation of the distributor of this filter is 1.5 RPfl. 

The RPM of the distributor can also serve as a guide in controlling 

recirculation. 

(a) This filte~· is provided with one variable speed, 

0.86 fiGD (600 GPM) recirculation pump. 

{b) The performance of this filter is rather poor which 

is caused primarily by a large portion of the filter being clogged reducing 

its effective vol11me. Another factor is that essentially no recirculation 

was being provided during the survey period. These conditions require 

immediate correction. Super chlori~ation sometimes helps to unclog a filter 

as Nell as a high dosin•J rate. In any event, the stone can be removed, 
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under drains cleaned, and the stone cleaned or replaced with new stone. 

b. Based upon the hydraulic capacities of the filters, reasonable 

overflow rate of the primary clarifiers, and to maximize plant performance, 

an average recirculation ratio of approximately one should be provided. 

In actual plant operations this ~ill require a recirculation ratio of less 

than one during peak daily flows and greater than one during low flow 

periods (See Figures 3 and 7). 

5. Second Stage Trickling Filter: 

a. Except for stone size this filter is similar to the 44 ft x 3 ft 

first stage filter and likewise has a maximum design flow for the distri­

butor of 0.86 (600 GPM) which can be increased to 1.41 r~GO (980 GPM) by 

relocation of its orfices from the rear to the front. ~1aximum desir.., 

rotation is 1.5 RPM. 

b. Unrecirculat.ed underdrainage from both the first stage filters 

is pumped to this second stage filter by a variable speed pump. Maximum 

pump capacity was measured at 1.3 MGO (900 GPM) at maximum water level in 

the pump's wet well. At this maximum pump rate the rotation of the filters 

distributor was slightly over 2 RPM. Plant personnel should take immediate 

action to relocate the orfices to slow the rotation to within 1.5 RPM such 

that the fi lt,·)r may be operated at the maximum pump capacity. 

c. Underdrainage from th,s filter flows directly to the final 

clarifier. All other flows bypass both the filter and final clarifier. 

The pump servin9 these units should be operated up to its maximum capacity 

each day during high daily flows and bypass only that flow in excess of the 

pumps capacity. During low night time flows, recirculation may be practiced 
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such that the total flow rate, recirculation included, to the filter and 

final clarifier does not exceed 1.0 MGD (700 GPM). 

6, Final Sedimentation 

Based on a surface overflow rate of BOO gal/day per ft2 the final 

clarifier is designed to handle a design (average) flow of 1.0 MGD. A 

slight increase in flow l<ill not decrease the units efficiency appreciably. 

The performance of trickling filters is highly dependent upon sedimentation 

following the filter. This final clarifier should receive all flows pumped 

to the final filter within the maximum pumo capacity of 1.3 MGD (900 GPM). 

The FY 70 IICP project provides for improvement of the effluent structure 

and effluent lin~ from the clarifier. 
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DESlGN A~D M:f,cYSlS CALCt:LAT:OilS 
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Design for this project proceeded under directive dated 7 April 1969 DO Form 1391, 
dated 4 September 1968 and SPLED-1-!N dated 18 July 1969. Design is based upon 
applicable provision of AFM 88-15, AFM 88-11 (TM'S-814-3.2) and AFM 88-10 
(TMS-813-2). 

The average daily flow and peak flor for design, from projections of existing 
measured quantities as set forth in directive AFOCEHW-8 dated 30 June 1969 
as follows! Average daily flow 1.45 M.G.D. and peak flow for design 4.0 
M.G.D, were used for all design lor this project. 

The grit chamber design is based upon the peak flow of 4.0 M.G.D. or 6.189 
cubic feet per second. The calculated velocities at minimum flow, average 
flow, and at peak flow are 0,96 feet per second, 1.10 feet per second and 
1.21 feet per second. These velocities should allow the grit chamber to 
function adequately. The calculated water surface elevations indicate 
adequate provision for the projected head loss. Directive AFOCEHW-8 dated 
29 July 1969 indicates a desire for a mechanical means of removing grit from 
the chamber. A sump is provided in each chamber with n pipe leading ton grit 
pump whereby the grit can be pumped to the surface where a mechanical grft, 
organic and water separator will be provided, if the funds are sufficient. 
Design is such that clearing stoppnges can be accomplished with only minor 
df.sassembly. The location of the grit chamber is such that the existing out­
fall line can remain in use during construction, and yet can be used as a 
bypass in the future. 

A peak flow of 4,0 M.G.D. requires that the pumps, in the lift station in 
the pump house, be capable of pumping 17110 G.P.M. Since directive AFOCEHW-B 
dated 30 June 1969 states that the flow Llhall be pumped by two of the pumps 
with the third not working, each of the thre" pumps must be capable of pumping 
1400 G.P.M. agninst n head of 30 feet. The Review Comments request that the 
two of the pumps be planned for variable speed. It is planned to provide 
3 each 611 x 6" pumps, each with n 20 HP constant speed electric motor. 
Pumps I and 1 wi 11 be connected using a mechanical hydraulic, integral, 
vnriable torque, adjustable speed drive, with 11 speed rnnge of 1150 to 190 
R.P.M. This drive is controlled with a Nema 2 pre-wired bubble control 
panel which will increase the speed of the motors with the increase of 
water depth. Included is a transfer switch, to cycle from pump No. 1 to 
pump No. 2 and back, ns the lend pump. Pump No. 3 will net as n stand-by, 
switching on when the water level in the wet well reaches a "high wnter 
mark", This switch is connected to a high wnter nlarm light and bell to 
alert personnel of possible problems, 

An addition is planned to the wall between the comminutor c~nmber and the 
wet well, so thnt the comminutor will pass the penk design flow of 4.0 
M.G.D. through it, instend of overflowing n portion of the <nw sewage 
directly into the wet well. The existing communitnr is designed to pnss 
up to 6.0 M.G.D. ace,ording to the manufncturer, 

The new distribution box, designed to be stable for seismic forces, is 
designed to pass 0.67 percent of the tlow to the clnrifier No. 1 nnd 0.33 
percent of the flow to the clarigestor, by means of sharp edged, overflow 
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weirs. These weirs are calculated to divide the flow ns specified, regardless 
of the heAd. A 1Ro 1 the length of e.ach weir can be changed sornewhnt to vary 
the relntive amounts of flow, should changed conditions require some adjust­
ment. Because of the new location of this box and the new pipe connecting, 
most of the work can be accomplished without disturbing the operation of the 
plant. 

Recirculation from recirculation pump pit No. I to clarifier No. 1 is 
nccomplished by means of n 6" x 6" pump driven by n 5 HP, vnriable speed, 
3-phase, 10-pole, 240/4P-O volt slip ring type electric motor and a 6" x 6" 
pump in tandem connected to a 5 liP single-speed, 3-phasc, 240/480 electric 
motor. The variable speed motor is c.ontrolled by a manunlly operated 
4-position switch, and the single-spee~ motor by a manually operated off-on 
switch. Recirculation from recirculation pump pit No, 2 to the clarigestor 
is accomplished by n single 6" x 6" pump driven by a 5 liP variable speed, 
3-phase, 10-pole, 240/4AO volt slip ring type electric motor. This motor is 
controlled by a manually operated 4-position switch. It is possible that 
failure to turn off these recirculating pumps during peak flow periods may 
contribute to some ol' the hydraulic problems of the plant. By utilizing 
the same bubble control type sensors proposed for the wet well of the pump 
stat ion and providing electronic controls for the. motor speeds, the opera-
tion ,,f these two recirculating pumps will be controlled and coordinntcd to 
function opposite to the J,ift St11tion motors i.e. when the J,ift Station pumps 
increase flow, the recirculating pumps will decrease their flow and vice-verSI'I. 

The existing 12-inch recirculating line between recirculating pump pit No. I 
and 2 enabling the effluent fr0111 Filter No. I, not recirculated, to flow to 
recirculating pump pit No. 2, where it must be recirculated through the 
clarigestor or pumped nn to tht~ sccond:.ry ll,R, Filter, unless the W11ter 
surface in pit No. 2 happen.s ~o be higher than the water surface in pit No. !. 
If this situation occurs, the Claw will be from pit No. 2 back to pit No, 1, 
whe.re it has no piece to go, since the gilte on the 12-inch overflow line fmn 
pit No. l to the plnnt bypass line is usually closed. It is planned to .1dd 
n weir pit on the southerly side of recirculating pump pit No. 1, and remove 
the gate covering the end of the existing 12-inch overflow line. When stop 
logs are placed ln this pit. with the top nt clevntion 2858,50 feet, nn over­
flow weir will be provided for this portion of the plant which will be lower 
than ... he overflow ulevntions o[ the sccondnry H.R. filter, which is at 
2FI59,57', the distribution box between the secondary II.R. filter, and- the 
secondaq' clarifier which is at 2859. 70'; the secondary clarifier which is 
at 2859,90•; and the ll.R. filter No, 1 which is 11t 2859,70•, The addition 
of this weir w.ltl provldc for nutcxnntic containment of overflow of this 
portion of the plnnt; n fPnturc that the existing pltmt does not now hnvc. 

The existing nlu<lge 1 inc from the bnse of the clarigestor to the existing 
sludge pump near the clarifier No, l apparently h11s been plugging ~p 
rcgulnr!y, nn<l since the stopp.1g<' ,s usually in that portion of the line 
which 1 illn under the r.lnrigestor rc.quirPs considerable effort to clear the 
line. To Hllevlntc this situation, n pit will be constructed alongside the 
clarigestor nnd n new sludge pump inst11lled in the sludge l inc, where it 
emerges fr001 1mr\er the clnrigcstor bottcxn. This portion of the line will b<' 
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valved at ~ach end with vai~es which· cnn be operated from thP. surfnccs to 
prevent the pit frcxn being flooded frcxn the clarigestor. A bypass will be 
constructed around the pump to provLie for servicing the pump. Installing 
the pump in this location, where it "'ill have a minimum of suction head, 
should enable the pump to move the sludge from this problem section of pipe. 

The "Recanmended Flow Diagram" accompanying the "Preliminary Sewage Treat­
ment Plant Evaluation" appended to AFOCEHW-B, dated 30 June 1969, shows a 
flow of 2.5 M.G.D. to and from the second-stage trickling filter, but Item 5 
of the narrative portion of this report, indicates flows between 1.0 and 1.6 
M.C.D. and a possible use of this filter at 1.45 M.G.D. It is assumed that 
the drawing is in error and a flow of 1,45 M.G.D. or 1040 G.P.M. is used 
for design. According to the Dorr-olivcr Company, manufacturers of the 
existing distributing arms, the existing arms on this filter, can, by minor 
alterations of the orifices, handle a flow of 1.41 M.G.D. or 979 G.P.M. 
Since the existing motor connected to this pump is a 5 liP, variable speed 
electric motor, with maximum speed of 686 R.P.M., replacing this motor with 
a constant speed 7-1/2 liP motor will furnish the required flow. Since the 
overall benefit of this replAcement is marginal, the installation of a new 
motor is made an additive alternate to the base bid. 

The distribution hox for the effluent of the secondary clarifi,~r is divided 
into two ser.tions with an adjustoble weir opening from the clarifier into 
each side, and with au ndjustoble weir on an opening In the wall between 
the two sections, The minimum setting of these weirs is at the elevation of 
2855,72 ft. At the present time, the flow from the clarifier flows 
simultaneously into both sections. The easterly section is connected to 
the recirculation pump pit No. 2 by n 12-inch pipe. When the w~ter surface 
in the distribution box is higher than the wnter surface in the recirculation 
pump pit, that portion of the effluent that flows into this side of the 
distribution box will recirculntc back to the recirculation pump pit, but 
when the water surface clavations nrc reversed, the flow is from the pump 
pit back to the distribution box. That portion of the effluent from the 
clarifier, th~t flows into the westerly section of this distribution box, 
fills the box until the water surface rises higher than the water surface 
in the outfnll line marked 1-l, The invert of this outfall line is at an 
elevntion of 11pproximntely 2856,0, so the water surfnce in the west side 
of the distribution box must rise to ilt least this elcv,,tion to cause flow 
from the clarifier to the outfall l inc,, To relieve some of the overflows 
thnt hnve occured becllUSe of this bottleneck situatioa, it is planned to 
construct o relief line from the bottom of this distribution box, nt an 
elevation of 2853,73 feet, to o new manhole 2-A on the plnnt outfall relief 
line, at an elevation of 2850,00 feet. If both the cast "nd west 11djustablc 
weirs in tha wall between the clarifier and the distribution box are left 
at the same level, one half of the effluent of the clarifier will run 
directly to the outfall and only the other half will be avnilnbh' for 
recirculation. If 'he westerly wdr is rnised, so thnt all the flow will 
go only to the easterly side of this distribution box, tncn nll of th<' 
effluent will be available for recirculation, and only that portion which 
connot flow to the r<circulation pump pit No. 2, will flow owr the 
weir in the dividing wnll between the sections to the westerly S<'ction nn<l 
so to the outfall line. The openings controlled by the weirs will llll pass 
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the peak flow for deoign of 4,0 M.G.D,, with a water surface 1.0 above the 
weir. 

The existing 12-inch effluent line from the secondary clarifier to the 
15-inch outfall line, between the distribution box lying between the 
secondary clarifier and the secondary H.R. filter, restricts the effluent 
flow considerably, so it is planned to construct a new 15-inch outfall 
from the clarifier to a new manhole, to be constructed in the existing 
15-inch plant overflow line near existing manhole No, 2. Calculations 
indicate that the existing 15-inch plant outfall will not be adequate 
for the peak flow of 4.0 M.G.D., so it is planned to extend the new manhole, 
to be constructed near existing manhole No. 2, westerly, so that an 18-inch 
relief line can be constructed paralleling the existing line at manhole 
No. 4, from which the existing 18-inch apparently is adequate to carry the 
flow, The existing 15-inch line, ft·un the distribution box between the 
secondary clarifier and the secondary H.R. filter to existing manhole No.2, 
and the exioting 15-inch line, from manhole No. 4, will remain in service. · 
To improve flow conditions in this line, the existing weir, which was placed 
in manhole No. 2 many years ago to act as a control for a chlorination 
system, will be removed, since the chlorination system has already been 
removed. 

Since a consid.erable portion of the effluent flow from the plant will be 
removed from the line containing the existing recording flow meter sensing 
device, it is planned to move this sensor nnd its transmitting equipment 
from the existing location and place it in the new grit chamber, where 
provisions will be made to install it, The readout equipment will remain 
in its present location in the pump house, When the instrllnent is 
relocated, it will b~ necessary to recalibr<1te it. 

As an additive alternate to the basic bid, plans are made to pave the drive 
into the plant and the plant parking lot with asphaltic concrete pavement, 
and to construct severnl portland cement concrete sidewalka to provide the 
plant personnel with a more efficient plant, which is easier to keep clean 
and in order. Pavement design is according to memornndum, dated 10 June 
1969 titled "Bnais for Design for Foundations nnd Pnvements". 

The existing outfall sewer from the housing aren to the treatment plant is 
heavily loaded nnd with the projec.ted addition of 372 units of new family 
housing, will need relief, The originally indicated point of connection 
for this relief line is in an area far removed from any sa~itnry sewer, 
so an investigating party madn up of Mr. John A, Alford of Strecker 
Associates, Inc. -the A-E; Mr. George Hnrtski, Project Mallilger and Mr. Al 
llen•el, Base Project Engineer, surveyed the general area and decided that 
the point of connection should be made at the existing manhole loc.ated 7S 
feet westerly ,,f Carolina Street, north nt a point approximately 200 fer.t 
northerly of the intersec.tion of Curolina Street, north with Oregon Street. 
Base coordinntec North, 395,909,76; Enst, 2,192,289.38, There is ouffir.ient 
full from this point to allow flow by gravity to the treatment plant, so no 
lift. station will be needed on this line. lt has been determined that if 
the relief line is 12 inches in diameter, it will corry sufficient flow to 
serve the nrea adequately. 
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The existing space in the pump house now set aside for labor&tory 
procedures is quite inadequate for eHici<•nt operation. It is in a 
poor location and does not contain proper facilities for sanitation. 
It is planned to construct a new building, removed fr<XIl the gas 
hazard location. This building will contain, in addition to the 
standard laboratory facilities, a scrub type wash basin operated by knee 
or elbow control, so that an operator coroing inside with contaminated 
hands, or a laboratory worker recently handling contaminated material can 
wash without contaminating the faucet handles, Also, lockers for clean 
clothes and personal belongings, rest room facilities and showers for 
the use of personnel working in c"ntaminc.ted areas, will be provided. 

Architectural consideration are as follows: 

A. Type of cons t.ruct ion "'hall be permanent, unprotected. 
B. Materials of construction. 

1. Foundation, reinforced r.oncrete. 
2. Exterior walls, concrete masonry units. 
3, Interior partitions, wood stud, 
4. Roof, wood framing, 
S. Roofing, built-up cauposition, 
6. Doors and Frames, Wood. 
7. Windows, Metnl with Screen. 
8, Interior finish. 

a. Laboratory; floor, vinyl ubc•tos, wall: cone block 
and drywall; ceiling, drywall. 

STRUC11JRAL: 

b. Toilets; floor, ccr~~ic tile; wall, cernmic tile; 
ceiling, drywall. 

c. Shower and drying rooms; floor, vinyl asbestos; wall, 
cone. block nnd drywall; ceiling, drywall. 

d. Lounge; floor, vinyl nsbcstos; wall, cone. block and 
drywall; ceiling, drywall. 

--~·· j "-- ••• '-..' ., •• \. 

A. Found.1tion matcrinl, silt, sand-silty s~md, clayey snnds and sandy 
silt, Material is medium dense fr<XIl ground surface to a depth of 3 feet 
and poorly graded and medium dens~ betwe.en 3 feet and 8 f<>et. The building 
will be supported on thickened edge slab using allowable soil pressure of 
1100 psf, No vapor barrior is required. 

R. Floor s!.1b will b" concreto with W<•ldod wire mesh and placed 
on soil compacted to 95·~~ of the maxim·..am optimum density. 

r., Roof system will be wood frnme with CMU, ben ring walls and one 
bearing wall through center of building. 

D. L11teral Loads, carried t.o CMU Bl'.llring walls by horizontal 
diaphraP}II in roof. 
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E. Live Loads, 
1. Roof, 20 psf plus evaporative cooling unit. 
2. Wind, 18.8 psf; 
3. Earthquake: Seismic Zone 3. 

ELECTRICAL: 

A. Interior Distribution System - shall be 240 volt three phose 
for power and 120/208 volt three phase four wire for lighting loads. 

B. Exterior Distribution System - (a) The Sewage Treatment Plant 
is served by a transformer bank on a Power Pole at ·the east side of 
Digester No. 1. The oecondary service ,conductors extend overhead from 
the Power Pole to the Pump House at 240 volt three phase, four wire 
with a vertical clearance of only six feet above the westerly side of 
the clarifier digester, It is proposed to remove the existing trans­
former bank at the East oide of Digester No. 1 and extend the preimary 
at 4160 volt three phase to a New Pole at the Southwest corner of the 
Pump House with a transformer bank consisting of three (3) 50 KVA 
transformers at 240 volt three phase delta. 
(b) The Secondary Service Conductors shall extend overhead to the Pump 
House at 240 volt 1 three phase to a new distribution panel with a Dry 
Type Transformer at 120/208 volt three phase four wire for the existing 
lighting and receptacle loads. 
(c) The electric service to the Lab Building shall be underground ot· 
120/208 volt three phase, four wire from the Pump House. 

C. Loads - Lighting and convenience outlet estimated connected 
load shal'i""be'"approximately 8 KW. Power load for heating: two ( 2) 
cabinet - type unit heaters &t 2KW each at 208 volt single phase and 
Evaporate Cooler at 1/16 liP at 120 volt single phase. 

D. Type of Conductors - Wiring systems shall consist of rigid 
conduit for llnderground and flexible steel conduit for electrical 
above ground. 

E. Lighting Desif,J -Lighting intensities for the laboratory 11rea 
shall be rapid start f\Uorescent at 70 foot candles. Lighting intensitios 
for the lounge area and toilet areas shall be incandescent fixtures at 
a 20 foot candle. 

HEATING: 

A. Design Temperatures. 
1. Indoor design temperature 

a) Winter - 75° F 
b) Sumer 7 5° F 

2. Outdoor design temperature. 
a) Wet bulb - 69° F 
b) Dry bulb - 101" I' 
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3. "U" Factors. 
a) Walls - 0,33 1 Glass 1.13 
b) Roof - 0.10 

B. Heating System. 
1. Type of syste"' will be cabinet convector, electrical. 

2. Control of heating will be built-in thermostat, 

PLUMBING: 

A. Piping 
1. Water service to the building and cold water piping under­

ground, within the building shall be type K copper tubing. 

2. Cold water piping above ground and inside the structure 
shall be type L copper tubing or ir~n pipe size brass­
pipe insulated, 

3. Dootestic hot water piping above ground within the building 
shall be type K copper tubing insulated, 

4, Underground soil, waste, drain and vent piping and fittings 
shall be hub type cast iron. Above ground this piping sh~ll 
be galvanized steel, galvnnizP.d wrought iron or cast iron. 

B. The number of fixture units will be 32 with a demand of 42 G.P.M, 

\J. Hot water heater will be gas fired, domestic type, 30 gul. 
40C,F.H. 

FIRE PROTECTION: 

A. The fire protection system - none, 

AIR CONDITIONING AND VENTILATION: 

A, The laboratory and lounge areas will be air conditioned by 
evaporative r..oolers, roof mounted. 

B. All shower areas, toilet rooms and drying rooms shall be 
ventilated by means of roof exhausters, 

FUEL lliSTRIBUTION: 

A, Natural gas will be furnished by service from existing 3-inch 
main, 1000 B.T.U. per cu. ft. at 10" water pressure. 
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B. Gas piping shall be wrought iron or steel, with malleable iron 
fittings and cast iron body valves. 

WATER SUPPLY DISTRIBUTION: 

WALKS I 

A, Water service will be furnished by extending on of the 3-inch 
servio.e lines within the treatment plant area, 

B. Building Service lines shall be constructed of type K copper 
tubing. 

Walks will be of Portland Cement concrete. 

DRAINAGE! 

Drainage will be by sheet flow, 

LANDSCAPING I 

Landscaping will be limited to replacing any disturbed grass. 
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CONSTRUCTION ESTIMAtE 2 September 1969 
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DORR-<>LIVER Incorporated 

M·r, John A. Alford 
·Pacific Architects and Engineers 
3540 Wilshire Boulevard 
Los Angeles, California 90005 

Subject: George Air Force Base--s 
Victorville, California 

Dear Mr. Alford: 

66 Jack London Square 
Oakland, California 94607 

July 30, 1969 

The rotary distributors presently in operation at this plant were 
rebuilt in 1966 to the following design criteria: 

Two (2) .44' 0 x 3' depth of stone Bio-Filters, 24" 0 turn­
table with two (2) fabricated double cOOlpartment 
arms equivalent to four 5" 0 pipe arms, Maximum 
design flow 0.86 mgd, 
These machines ar~ hydraulically capable of handling 
up to 1.41 mgd with minor alterations to the orficea. 

One (l) 60' 0 x 3'-6" depth of stone Bio..Pilter, 24" 0 turn 
table with two (2) fabricated double cOOlpartment arms 
equivalent to four 8" 0 pipe arms, Maximum design 
flow 2.48 mgd. 
This machine is hydraulically capable of handling up 
to 3.6 mgd with minor alterations to the orfices. 

All three of the turntables were rebuilt in 1966. 

Just a word of caution on increasing the design flow on these units • 
. A's you increase the meximum flow you also will increase the head loss 

through the diotributor •. Also as you increase the flowo you will 
increase the dosing rate which already appears to be fairly nigh. 

Should you.require a check on the head loss in each distributor, 
Mr. Alford, I can calculate this for you if you will furnioh me the 
maximum and minimum deoign flow the distributors will be required 
to operate under •. 

Please give me a call if you require any additional information or 
have any'questions. 

JWL:sm 

Very .truly yours, 

DORR-QLIVER INCORPORATED 

Jack L. Wander, Regio&al Manager 
WATER MANAGEMENT SYS~MS - SALES 

International Headquarters 
Stamford, Conn. '06904, USA 
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. Appendix E 

CALIFORNIA'S STAIIIWIDS FOR THE SAFE DIRECT USE 

OF RECLAIMED WASTE WATER FOR IRRIGATIOII AIID 

RECREATIONAL IMPOIIIOIIENTS AND LAlli DISPOSAL OF 

LIQUID DIGESTED SLUDGE ON AIR FORCE INSTALLATIONS. 
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11111•1 ol1<0 be !Akfn f,n Ol'uid tlll'l .. t public eontlrl with reelabned Wlllll 
wn1tr11 which do 11111 m<'t'l ot l•n•t the tlondnl'lla opeeltled In Artlele a 
fur unl'<'llrldcd l'l'CI'l'lltinnnl hnJmnu<lmcnlo. 

KOTO: 4111l111rlt1 oltool lor II'Oitp U I lfttloo 111:1, llfiU .... loloq CWI, 
JIPitrutt 1 left'- 1WI, WIIH CNf, 
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Arti4•1r 2. l>t'Onitiun• 

8028. Reclaimed Wut. Waler. Rtolaimrol WMIO waten P>•w•~ 
watr·fl', orJ.ginufl.tl;t from l'fl\\'ilgt• nr r·th~r wn~te, l\·hirh hnve lM'Cn treated 
or othPrWi'iP- purif\NI »0 n• hl ~~~~~blc flil'\~tl bcnt'fteilll l'fU~ or to allow 
rcuu that 1rnuld nut •·•th('M\'if¥., ~~·cur. 

1027. J>lnn .. 11M. mr ... t ...... "'·'"'" th• uoe or rerlalmed 
wotte "'llfPr CrnmiJHirfr4·1 from thr pniut ur l•ruduf'tinu tn the JHlint of 
u.., without nn hltf!r\'rllillj.! tliM•It;lrW' It• Willt'rM uf the State, 

8018. Product. l'rotiUt•tt 1111'811:4 nny rtKHI Cur hum"n fOIUIU·IUJl­
tion whleh rm1y lH' UM.I•tl in itM rnw ur t111turu·l Nlntr wilhnut flh)'JiieiJ 
(lr ellf'lllienl (Jt\M'~"'ing lliUftH•it•nt to th>filruy pnthngrnie nrpnialu1. 

10:19. lpra:r IrrlpUoD. !!pray lrri~ntion mrftno •l'plioatlon of 
rrelnimNI '''llfllh• wnt.f'lr trmn oriflt•rM in J•iping iuMtullrc:l a·bove or alon« 
the grfllnul. 

8031!. lurface lrrll&~ioD. Rnrfn•• lrri~nllnn moano appliralin11 
ol' rrti·Hinwcl WIUtlfl wntt•r by mru11111 uth~r thun Mprnyhrg ln&ft11 thAt 
rontnet hetwrrn the• f'I'JiltiC" purliun or lillY Cuod rriiJI flllt! reelaimod 
-..··nAte wntcr i~ Jlff!\'Nih•cl. 

8031. Oxidilld Wule Waler, Oxl•li•ed wn•l• wntrr mean• 
l\'tudt• wntrr in wllic•h thr. nrg11uic Juulh•r hn111 hc'f'n RfubiUr~l, Ia nnn .. 
pulrfltWiblr, nml cuntuinH dl'i."nlwci••XHI'Nt. 

11031, OoiiiUiated Wule Waler. CongnlaiNI """'• wah·r ''"""" · 
oxiclizcd wuPJto wnh.·r In whit•h fln<'l~· tli\'iclt'(l •n"l·l<'IUINI mHUtr hn1 
b<K-11 llgglomrrnlrtl b)' the.' nclththm of It tiUitnbl" Ch'!mltnl or b)" IU 
equnll~· f•ITC'C'ti\·r n!('llut(·l. 

8038. Pillered Wule Waler, ~'illrrrtl "'nolo "~Wr 1neano eo­
amulatocl wn•t• wntrr whirh hna h<fn P"'""n throu11h nl·tural nDdil­
turbN!ooilo or fllt•r mr~lin, ""'''' n• llln<l or dintomaeoons ••rth, 10 tha~ 
the flnnl tnrhhlit)• rlrlorrnlnrd h,l' nn npproverllabor«lory method doee 
not .. •••<1 trn (Ill) Tnrbirlit)' IJnito, 

8034. DisiDfected Wu~e Wiler, J)iolnfoet~d "otto IUitr mtano 
WOlle WHirr in which tho Jlllfhngonio Ol'll""''"" hnve boon deotroyed 
by chrmiool, llhyoical, nr binloglonl mothodo, 

80311, Moo~ Probable Number, lloot l'robablo Numbrr Ia a ot.a· 
lloti•nl uprr .. ion of th• m!lllt likrl)' numbrr of btletrrla preaen~ iD a 
unit •oiumt· of 111mple, ond whieh io d•termlned b)' an apprond labora­
tor,y method. 

80ae. Prlmar:r J:lllant. Primary omuont It the cllluent from a 
IMWoge trrotm•nt proecu whieh provid01 partial remoYal of ..,... 
oolido by phyoioal mot.hodo M that It dOl!l no~ contain more tlln OM 
(1) milliliter per litor of 10tlleable IIOiidt u determiDed b:r &II ap. 
proved laboratory method. 
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1037. Approved Labora\oQ' llethoda. Approvrd laboratoey 
methods .,.. thooe apeci6ed in "Standard )lethodo for the Exnminallon 
of Wntot• •·nd Wutowatcr," pl'l!Jl4red ond publiwod jointly by the 
Amrrioon l'ublio Jloalth AIIO<lintion, the Amoricon Wator Worka 
AIIO<iatioo, and tho Water l'ollution Control Fedoratlon and which 
are eooduclcd In laboratoriea OJ>proved by tho State Department of 
Public llealth. 

1038. Rlltricted RecnaUoll&l lmpcanclmea~ A rH.trictod roc· 
oroationnl intJH>Undmcnt Is a body uf w11tor in which roeroatiun II 
limited to fi•hing, bontint~, n1ul other uon·l••ly·conlact wator oporl 
acllvitiH. 

8039. Jfon.Restric·ted lelcnaUonal Impcunclmtlll. A "o'"''''' 
1trlct.rd recr<'n1innal hnpumuhm•nt i1 u body of \\'Rtcr in whlt.h no lift'ii\Aa 
tiou Mre itupolet) uu butJy..eoutnct wntC'r M[Hirt activitii~R. 

aotO. Landscape Impcundmool. A luno!Rcal'• intt>onndmcllt lo 
a body of water which is usod for cothotic enjoy•ncnt or •lllch atrYH 
a function not lnlcudcd for publio t•unlnct. 

Article 3. Irri"ntiun of l'rotluco 

8041. 8pr17 lrrii&Uon. Ileelaihlcd wnolc wnlor u .. tl for I he 
apray lrri11ation of produee shull be ot all tin~r• nn ndrqunlely dialn. 
feeted filtered waole water. Tho wute wnlor •hnll be conaiderctl aile· 
quatc.ly dialnfectecl if th• medinn Moot l'robnblo Nnmber nf oolitom1 
oraaui11n1 in onmplca coll .. tcd from tl•1 irri~nt inn plpintr <IOI'o not 
exceed two and two·lentba (2.2) per one hundred (100) millililera. 
Tho median value 1hnll be dotennlnod from tho illiCtrrlologleul reaulta 
of the luot atvon (7) <loy• for wl•leh anu.lylll'l hnvo been eumt>·letod. 

BOd. larface lrril&tiollo (a) R•clnlmed wnato wator uaed for 
aurfuce irriaatlon of produce ahall be •t aU timet an adequatel1 dlaln· 
feeted oxidl,ed waote water. The waato wnter aball be conalderod ode· 
quately dioi.nfected if at aomo point In the trrntmont proem the median 
Hoat l'robablo Number or coliform orgnni•rn• <IOH not exceed two and 
two-tenth• (2.2) per one hundred (100) millililm. The median value 
Wall be determiroed from the baotcriolorioal fCIUlta of the IHI leVfD 
(7) doyo fur IVhioh annlyaea have been completed. 

(b) Orcharda and vineynrds may bo aurfaoe lrrlrated with re­
claimed waale wator that haa the quality nt leut equivalent \o that of 
primary crouent provided that no fruit lo hnr1·eated that hu eome In 
oo11tact with the lrrisatlng water or the ground. 

Artlele 4. Irriration of Fodder, Fiber, Setd, and 
l'rocllltd Food Cropa 

8043. J'oddu, l'ibor, llld. Reclaimed wute water UIOd for the 
surface or aprar IrrigAtion of fodder, fib,.., and teed eropa Uall havt 
tlMI quality at lout equlvalant to that of primaey e/Jiut11L 
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80f4. Food Orops. (u) lt••t•luitnc•l wu~tc· Whlt•r usrcl for t.hc 
~UtfiU'l' ittillUliflll o( (co~ud (ut hUIIIIIII I'OD"U.II1JIIillh "'hit'!h WiJI be ptoc!a 
rAA(td toUfl\('irUfl~· h~· pltysitnlur ~hf'llli<>al ltl4"1f11Hh fo fl~troy Jlftthnlrf'nie 
oranni~nu11hnll ha\'f' tltt.• ltunlil.v ttt h'IUd PIJUh·nlc•ut to tlmt o-f prhnftf,\' 
rnlurnt. 

(b) Ut•rlnimt•il \\Wdt• wutrr Ullltlfl fur thr AJm•~· irrittntion of fond 
for lun111111 rnn~uruptiun '"hic•h will hf• prnt•f'to~St•d atalllt'irntl)' by pllytlirnl 
or <>hrnlit•nl 1n••IIHHb;; In dl'!ilrn,\' puthuiJt•nic• nrunnbnnft tdm11 ~ nt 111J 
thnrR nn '"''•quntrlr •li~iufN•It•d n:<hli,,•d \\'ml·lf' wulrr. Thll wnhtr wnte•r 
11h111l ht• f'nusili••t•t•tl ntl•••pwh·l.'· tlisin(c'l'lf•cl if, 111 Nulllf' point in thl• 
tr11Uftnt•llt Jlfllt't'"i"' tht• ~lu,.·t l'tulmhlr> Nnmlwr ur f'(IHfurm nrarnnitmnl 
,f lllllltlpi.•N •·nllr••j••rl '''"'" 1u•t nrN'rl n lllNiiun uf I n·rnly.HirN' (2.1) 
rwr on•• hunrlrt••l ( J(HI) millilitr•l"!4. 'rht• 11H''Jiun \'IIIUI"! Mimi I bn ll<'f~r· 
milu••l from th•• ltltrll•r\ulnj.!if'ul t<'toUIH!ot nf tim lnM·f AP\"f'll {7) dny1 fur 
whic•lt utiiii,\'1<4'S IHI\'t•lwrn ruwpiPtNI. 

8045. Ptuture for Milklnr Animllll. Rr.,lninoctl wn•t• wootrr 
Ulf'tl fur lht! irri·~otll1illll u( flltllotllrl• to Wllh•Jt mifkilljX t'OWJI nr ffOUtl hGVC' 
nc~t'~oU~ Mhnll hn\'f' t-hf' •ruulity unci "nmplinll' rr•utrul prurrrnm All fiiJH'Cl·fl.cl 
in Art ic•lt• r,, Rr"tinn 1-lHtfi. 

Aa·t it•fp r,. Ttl!tlll!~it•up•· Trrhrnlinn 

8040. Land10ape Irrlcallon. Heo•lniu"'tl w"''" wnt~r u•o•ol lor 
fh(' irrhfltfioll uf uulf I'H\Itsc•:l, C'l'lllt'h•rit~, htWIIS, JIUtk~, Jlhi~'JltUIIIldS, 
(r<'f•Wuy lml411>1'1'1'""'· 111111 J,rntlt\4•HIW"~ in utli4"r nrl'll'i \thrrf' thr JHlhli(! 
l111" HCf'I'S·!I Pdrulll:w nl ulltinwH 1m ml .. quulrl~· •li~iufrrlrd mchlited Wlll\h'! 
wntc•r. 'l'Ju~ wHslr wult•r r;ludl bt' t••m~~>.i•lt•rrll ltiiMtUnhtl)' cURointretcd iC 
nt Rfllltr' puinl ill tltr fl't'llfHINit J-rtK'f'AA !114" h1Nlilm )'[M't Problb)tl 
Numht•r or rnliforlll ur~animnlill tl•~ nut ~X("f\1 111 twcnty-thl'('tt (2.1) per 
uno lourulrc•l (tOll) uoillilitrr• nl Muoplo. Tlon ntodinn nluo wiU bo 
u•lornoioood from tlu• hno•trrioJo,,~jo•oo) I'I"UJt• of lito lnot leVOD (7) daya 
for wloioh analyaoa hnv• """" complotMl. 

Artlrlc 6. R('t'r(lutiunnl Tmrmundntrnt• 

8047, :Non.Reatrictod Rtcre&tional Impoundment. Roolnimed 
wnH-tt• wutl'r nkf•d Mi n NCHirt•r nf fiiiiJtJll~· in n non.rl'lltriettcl r~rtnt.lonAI 
hupomnlmt•nt Rhnll W> nt nil tirnr" 1111 n•l••qnntt•ly flialnf~tNI ftlterorl 
wn~t~ \\'l1frr. Th•• W11HI1• \\'llfl'r Mhnll bit rnnNidcn'tl mlf•quatr1v diainf('(ltad 
iC nt flollltlf' point in thr trrutnwuf, j,r,l("rtt." thf' mcdinn J.itOat l,robablo 
Numlwr u( <'nlif(ll'm ~·r~uui.,lnM tluNI not rxret'd two nnd two-trnthl 
(2.2) pc•r olll' lnuulrrd 1 ~fill\ "d 11 ! 1 '~, •• 7'hc m«Kiinn value ahall be 
dt't~rn1ined from tl1e bu€!1t'Jm;t .... :· ••• ~· .. ,,,t.8 c;!' .. ite last .eveo (T) day1 
for which •naly.., have OO.n oomplotod. 
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eoca. a..lrtcttd ltocHAIIOIIal IlllpoundDIIDI. RM•lnhllrll w••t• 
"'nf<"l' U~l R'l ll Mtll't'f' ur ... uppl,\' ju n l't'titrirtrd rt'el't'lttiunnl hupuUIII)a 
mrnt Aludl be ul nil tim(tl\ tm ntlpqnlt·tr·ly tliMi.nfPt'tN) oxidiKfil WIIAfl' 

wntC'r. Tilt• t•:rti\IP wntf"r Khnll tN- rnn11idon~l mlrqnnt·rh• diAin(t'Cird if ut 
JIOhU' l"'int in thr trc•nhm·nt JH'fM"rM thf nar.Hun ),luKt'l'rubnbl~ NumbPr 
nf ('nlifnrm orgnnir.;m~~o dttNiunt C'XrM'tl 1\,.n nml twn·lrnth~ (2.2) JH'I' nnl' 
lmn•lr•••l ( HHn millilitt•rM. Th•• rnrtlil'll ,.,,hw !illllll bt' 1lrtrrminr.l frt,m 
llu• hm•tniult1Jlit•ul l'""ult~ ur tlu• htkt 101"\'(IJI (7) tin~·· for "'ltkoh "nalyMM~ 
hnrt~ lwt•n rmnpiPIC'll. 

!MD. Landaeape Impoundment Ut•rl11hnr1l wmdr Wltlt>r wu-•1 
liM II F>UI.Jrl't' nf Mtppl,\' ill II )llllth~·UIH' illlpHUIUhllt'l'll RhnJilko uf 1111 titUt'M 
nn wlt•qunt('l,\' tlii'IIU(f'C'trt1 nxidit.r.cl \\'ltlfr 1\'/llf'r. 'l'hf'l "a"l·e wntf'r •h•U bt9 
rmahidt•rc••l lult>ttuutt•ly tli.,.in(f"f"h•d ir nt MOt.nr 1·•uint in tltr trrnllnrut 
J•rO('t'I'IK thP nwcliun lln/\1 Prnbuhlt• l\umhc•r •• r N•lirurtn uru~tnbunt& durN 
not t'XI'f'Nl twt>nl,\'•lhr"•' (~:1) 1"'1' m1r hutulr••tl ( IHUI millilitrn. The 
mf'tJiuU \'lllllf" Jt}Htlllwtlrf••rtuittrtl 1'1'11111 1111' hllf'fl'l'htltt\!it•lll r-'H\IItM Of fhC 
lnllt M\'t'Jl (7) tht,\'K rur whit•h lllllli,\'KI"'l lilt\'-' IH'('U ('11llll•lrh~1. 

J\rtiPit• 7. f.Wunpl·iiiJl' nml AnHI,\'hiM 

80110. Sompllnr •!!d Analyail. ( n) ~nmploH fur '""'l)·•i• •hull 
lw t•nllt"("tf•tl ut i('Jttroil dutl,\' utul ut H tintt• wlwu wuKit• wulf'lr lluw nlll'l 
t•hnrm•trrislit•H nrt• muM! clt•uuuulint.t unthr ll'i'ltlmf'lnl ftll'iliti('H 1111cl tliA­

inrN•tinn 11rocwdurt1. 
(b) Jt"or mw~; rt•ttnirit•Jt 11 qtllllil'' ul lt•n)it , .. ,uh·ult•nl tn Jlrhnnr,v rf. 

flurnt, 11 JUcmplr• ~othnil lk" IIIUII)'~t'fl b~\' 1111 nppru\'t•tllnburulurr methccl for 
KI'Hirnbl• oolitl•. 

(C") }l'flr u~r·l4 rc••purm~ot un utlt"flllllh·lr diKi·nr•oc·tr.l mdtlla('Cl "'Mto 
wnlt•r, 11 IWII!I)IIt• ~l1111lix' IIIWI,r1.c•tl by 1111 UJlltrowd Jubnrntury mel hod (nr 
C'hlirurm Unc>t·rrin cunt<"nt. 

(ell Jl,or UNr" r<'fJUirin" 1111 ncl<'qUMirl'' disiuf~ICI4NI flltcrrc1 \VIMt·n 
wnl.r, a eam)>lo• olu1ll bo anolr""' b,v npproved laborMM)' metbocle for 
turbid It)' on<l coliform bacterin content. 

108 

' ··~ 



PREPARED BY: 

USAF ENV I RONM£NT AI. HEALTH LAB ORA TORY (AFLC) 

UNITED STATES AIR FORCE 

KELLy AFB I TEXAS 7B241 

FEASIBILITY OF 
J.AND DISPOSAl. OF LIQUID DIGESTED SI.UDGE 

ON AIR FORCE INSTALLATIONS 

APPROVED BY: 

n/. ,.L,.I ,( 11/t.~·.L~ .. 
A~s A. MUELLER, Capt, usAF, BSC 
.;Btoenvt ronmental Engineer 

n u;..,.~ ~~~\ ~:'.l L·, tt-· 
ALBERT M. ELliOTT, M1j, USAF, BSC 
Chief, Special Projects Otviston 

109 

~..t..tz:..'A,~,t., •· .. lo' ~ 
~LTtR w: MELVIN, JR •• ~ionel, USAF, MC 
C0111111nder 



1 

L 
' 

-- ------------

I, INTRODUCTION 

The COR!On lltthod of. dfspoul of digested sludge tn the Air Foret toclly 

ts by dtwattrtng on sludge drying beds followed by ultfute dispostl of tilt 

dried sludge fn 1andft11 areas. This dtspoul 11tthod requires the following 

operation: 

1, Pumpf ng the s 1 udgt onto dryf ng beds, 

2, Lenfng the sludge on the beds until it ts adequately dried. 

3, Hanu11ly scr1111ng and rttnovfng the dried sludge fi'OIII the beds. 

4, Loading the sludge onto dump trucKs, 

5, Haulfng the sludge to landffll dfspoul areu. 

Although sludge drying beds are 1110re econ011fcal than uny other 

sludge disposal methods such 11 vacuum filtration and fncfneratfon, they 

have the following disadvantages: (1) they require 1111nu11 labor to I'IIIIOVe 

the dried sludge, thus additional 1111npower, (2) sludge does not adequately 

dry In thl winter months and tn rat~ seasons, (3) tht fertflfzer value 

of the sludge fs lost, (4) periodic Nfntenance and renovation fs 

required to Insure 11qu1d percolation, and (5) they have 1 htgh capital 

cost • 18 new sludge drying beds for McGuire AFB would cost approxlutely 

$100,000. 

Land disposal of liquid digested sludge has been extensively practiced 

fn the Unf ted States and in other countries throughout tht world. Disposal 

of sludge by this method reduces sludge htndllng to 1 MiniMUM, utilizes the 

fertilizer value of the sludge, end requires 111lnl- capftel costs, Thfs 

report presents the Public Health and Engineering aspects of land disposal 

of liquid sludges along with specific rec0111111ndattons for this disposal 

method on At r Force Bases. 
110 . 



II, PUBLIC HEALTH ASPECTS OF LAND DISPOSAL 
OF LIQUID DIGESTED SLUDGE 

A recent FWPCA reportl indicates thlt adequate digtst1on is al1110st 

always required before disposing of 11quld sewage sludge. One of the 

reasons for this is to destroy nuisance causing constituents such as complex 

odorous compounds and pathogenic and parasitic organlsms.2 Fair and Geyer3 

state that pathogenic bacteria, viruses, protozoa (cysts), and wonns (eggs) 

can survive sewage treatment and be included In the sludge. There l.hey will 

persist for a long time and cannot be fully destroyed by digestion or All' 

drying, Although the numbers of surviving organisms decreue appreciably 

In the nonnal course of events, only heat dried sludge can be considered 

fully s.afe, Because of this the pub11c health aspects of land dls.pos.a1 of 

liqufd sludge na~st be considered before applying ft throughout tht Afr Force. 

The control of pathogens In sewage treatment Is based on stiMUlating 

competl tlon between the pathogens and the saprophytes and adjusting the 

environment so that the saprophytes are In a better cOMpetitive pos1tion,4 

In sludge digestion 1 decrease In pathogens 1s obtained since they cannot 

compete successfully w:!th the bacteria responsible for active digestion. 

However, all pathogens will not be completely destroyed. As an exaMple, 

Salmonella typhon obtains sufficient tryptophan In an anaerobic dlge.ster 

to sustain life at a slowly decreasing level for a long period. McKinney 

and Howells have shown that the populetlon of!· typhosa Which was lnnoculated 

Into a digester decreased g2,U for 1 20 day digestion time. It Is Interest­

Ing to note thtt the Boston sewaae sludge used In $heir expcrteents did not 

2 
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contain $ufficient numbers of ehteric bacteria for quantitative enumeration 

befo"' and afgr digestion. S011t conclusions of this study were that 

tddition of l~rge quantities of enteric bacteria to anaerobic digesters with 

vari&ble detention periods results in 1 rapid die-off of the enteric bacteria 

and high rate digestion of sewage sludge with retention periods between 6 end 

20 dl,ys should not result in 1 slgntftcent increase in the health ~aurd 

from enteric bacteria. 

According to. the FWPCA report,l a study of Escherichia coH in primary 

sludge digestion showed that they survive for 7 weeks at 370C ano for 2 weeks 

at 22°C. The coli org&nisms disappeared because of c0111petition froM other 

microorganisms better adapted to the digestion environment. The report fu.rther 

states th1t disease organisms such IS typhofd~entery bacilli, polio vfrus, 

anthru, ova of parasitic wom and Brucella have been thought to have a rapid 

mortaltty r1te due to their senslttvfty to the unacceptable digestion envfron­

Mnt. One study where raw and dige,ted sludges wut exposed to 550C for 2 

hours resulted in lOOS destruction or tnactfvatton of Ascaris lunlbricofdes ova. 

It w1s also reported that thermophflic digestion for 24 hours destroyed all 

ova of parasitic worms and cysts of amoebae parasitic to 11111n. 

The opinion has bun expressed by n11111rous people that there fs no 

record of dis11se tr&ns•fssfon to h11111n1 as a result of using the sludge 

as a ··ertf lfzer,l Thfs good record may be a reflection of various health 

deparbaent regulations. The Ontario Water Resources CoMiission restricts the 

use of sludge fertilizer to crops that are cooked before cons .. ption. !!2!.· 

3 
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ever, Ctlifornia has edapted repyltt1ons t11ow1ns the use of sludge for 

fert11tz1ns veaettbles. berries and low srow1ng fruit as long as the sludge 

hts bHn digested for 30 dys. 1s practically oclorless, drains readily, and 

~as a volatile solids consentrat1on less than 50S. 

.. 
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III. ENGINEERING ASPECTS OF LAND DISPOSAL 
OF LIQUID DIGESTED SLUDGE 

A survey of consulting engineers and state pollution control agenciesl 

revealed that disposal of liquid digested sludge .to open land surfaces is 

very common among smaller waste· treatment plants. MacLaren considered 

land disposal of liquid sludge to be applicable to all plants serving less 

than 50,000 persons. Large cities·such as New York, San Diego and Miami 

Beach have also used this technique of sewage sludge disposal in conjunc­

tion with land reclamation projects. In England the disposal of liquid 

~ludge to farmland is very popular. The process is often economically 

attractive because it eliminates the costly solids-liquid separation step. 

Liquid digested sludge along with supernatant liquid are bting applied 

to land for final disposal to fertilize grass and agricultural crops and 

to condition soils on sandy parkland. These operations have been satis­

factorY witb few exceptions. The success of this disposal method depends 

on availability of suitable land close to the waste treatment plant. 

Sludge is distributed on the land and processed in a variety of ways. 

Treatment at small plants may incl~~· only digging of shallow trenches, 

filling them with liquid digested sludge, and covering the sludge with 

so11 to prevent nuisance cond1 tions. Sludge may be pumped or gravity fed . . 

by pipeline to agricultural fields or land to be reclaimed, At some orchards, 

the liquid sludge is injected fnto the topsoil under pressure. A very 

c0111110n technique is disposal of liquid digested sludge directly to land 

by spraying from tenk wagons having a capacity of 1000 gallons.· 
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Studies at San Diego, California, have generated significant 
• 

performance data concern! ng liquid s Judge df sposal.1 The follow! ng · 

conclusions were made as a result of these studies: (1) lfn~fd sludge 

can be used to reclaim wasteland for agricultural purposes at a lower 

cost than heat dried sew!ge sludge, (2) sludge can be applied at a rate 

of 100 tons/acre without imp~iring the growth of crops, (3) applying the 

sludge at a rate of 25 tons/acre achieves a crop growth rate equal to that 

of commercial fertilizer applied at ccr.Yentional rates, (4) superior crops 

can be obtained over a two year period at a sludge dosing rate of 50 tons/ 

acre without applying sludge the second year, and (5) liquid land disposal 

can be achieved without serious handling or nuisance problems. The San 

Diego studies demonstrate the usefulness of liquid sludge as a fertilizer 

for agricultural crops, grasses and shrubs, _and as a soil conditioner for 

relatively sterile dredged sand. 

In New York City land proposed for future parks has been reclaimed 

by spreading liquid sludge in place of natural topsoil. In 1956, 5 million 

cubic feet of liquid digested sludge were sprayed on landfill areas prior 

to addition of topsoil. The sludge was also used on sandy tidal areas 
I 

devoted to a bird sanctuary. These land sludge disposal operations were 

satlsfactor.v both on the basis of cost and performance. 

There is no doubt that liquid digested sludge Is excellent as a 

fertilizer according to Dalton!! al~ Well digested sludge is approximately 

3% solids, 98% water, and Is rich in nitrogen, phosphorous and potassium ~ 

the three basic elements necessary for vigorous plant growth. Separation 

of the sludge components into liquid and solid states shows that the liquid 
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(water) contains only a small portion of the nitrogen and phosphorous but 

a large amount of the potassium, while the solids portion contains most 

of the nitrogen and phosphorous but only a small portion of the potassium. 

The great advantage of applying the solids via the water vehicle is that 

water will not only serve for irrigation, but also will allow the complete 

fertilizer content to remain. Thfs would not be the case ff the sludge 

were applied in a dry form. 

Coker7 assessed the effects of liquid digested sludge on the growth 

of grass and barley. In a well-designed experiment, the yield from the 

fields fertilized with sludge gave Increases in organic matter similar to 

those obtained using equivalent nutrient dosages of artificial fertilizer. 

No adverse toxicological effects appeared, even though the sludge contained 

significant levels of heavy metals. 

In a 1968 Water Pollution Control Federation lfterature review a 

resurgence of land applfcation of sludge in the 11qufd fonn has been noted~ 

Dalton et a16 and Bacon9 described the Chicago Metropolitan Sanitary 

District's search for a solution to their present disposal problems which 

would be low in cost, not produce afr, water or land pollution, obtain a ., 
beneficial use of sludge constituents and solve the problem fn perpetui~. 

Application of liquid digested sludge to agricultural lands was thought to 

meet these criteria. These papers also cited cftfes which currently dispose 

of sludge by this method and described the studies sought by the sanitary 

district to gain additional insight Into thfs method of sludge disposal. 

Some cities sell liquid digested sludge to private groups. Others 

less fortunate must give 1 t away or must even pay someone to haul 1t off 

the treatment plant propert;y. A few examples of these situations have 
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been reported: (1) Orlando, Florida, sells liquid digested sludge to 

fruit growers for $1.00 per 1000 gallons, (2) two northwestern cities sell 

the 11quid slud.ge for $2.00- $10;00 per 1000 gallons, (3) in Ca11forn11 

liquid sewage sludge is often blended with other materials and sold u 

fertilizer • the sludge is usually given free of charge to c01111111rcial 

fertilizer companies or sold at a cost less than $2.00 per dry ton, (4) Olympia, 

Washington, is paid $4.00 per ton and Chehalis, Washil'lgton, $10.00 per tnn 

for liquid sludge, (5) some cities and industries in the Midwest pay $7.00 • 

$10.00 per 1000 gallons to have the waste sludge·hauled· to disposal sites. 

In summary, disposal of liquid digested sludge on land areas is quite 

popular in the United States and foreign countries. Basically the reasons 

for this popularity are simplicity and economy. A close look at the advan· 

tages revealsl: 

1. The process represents final dispoul because the sludge is nonnally 

hauled off the treatment plant grounds by someone assuming responsibli~ 

for the material. 

2. The sludge is useful as 1 soil conditioner and fertilizer therefore 

often can be sold for $1.00 • $10.00 per 1000 gallons. 

3, Small capital investment is required particularly if a contract 

for hauling is negotiated. 

4. Complex mechanical operation and the use of chemicals is avoided. 

5. Related to item 4, solids-liquid separation processes can be 

eliminated, thereby improving treatment plant economics and efficiency. 

Overall treatment plant efficiency is improved because there is no need for 

sludge elutriation and dewatering steps which usually recycle fine sludge 

solids through th• treatment processes. 
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Thts method of sludge disposal should be extremely useful on Air Force 

bases since hauling distances to disposal areas are minimal. During winter 

months when golf courses and outdoor recreational areas are not in use, 

digested sludge could be spread on these areas. This practice should pro­

duce some of the greenest fairways in the country• Any major construction 

on Atr Force bases tnvolvlng significant landscaping could use liquid digested 

sludge as a fertt11zer and soil conditioner. 

Most Atr Force bases are located In rural areas. Neighboring fanners 

and ranchers should be amenable to picking up liquid digested sludge from 

Atr Force treatment plants for use on their lands. At times when the above 

cannot be accomplished, liquid digested sludge could be disposed of directly 

on remote areas of the base, on the sides of base roads, and on the sides 

of runways. In these cases, assistance may have to be given to Ro!~s and 

Grounds t n that an a ddt t1 anal gang mower may need to be purchased to keep 

the grass trimmed In these arieas. 

If digested sludge were to be used tn habttated areas, housing areas, 

to Insure completely sefety concerning the public health aspects, the 

liquid digested sludge should be ch]~.rt.nated. The FWPCA report
1 

shows 

chlortnecosts from $11.00 to $60.00 per dry ton of solids depending on 

chlcrine dose 'and contact time. 

118 
9 

,._ .. ,.·. , __ ._, '·- ·-· '.' 

' ' 
' 

I I, 

_., •' . 



~·· 

IV. CONCLUSIONS 

1. Land disposal of liquid digested sludge Is an extremely attra~tfve 

method for sludge disposal fi'DIII Air Force Installations. 

2. This disposal method requires minimal capital and operating costs. 

3. This method 1s an ultimate disposal method which reduces sludge 

handling to a mlnl~~~~m thereby markedly simplifying sewage treatment plant 

operation. 

4. Applying liquid digested sludg.e to new development arefts as a soil 

conditioner and fl!rtflfzer, to large recreational areas such as golf 

courses and parks during off·use winter months, end to remote areas of the 

base wfll not endanger the health of AIr Force personnel. 

5. If liquid digested sludge Is to be used In hablteted areas, chlorination 

of the sludge must be practiced. 

6. The Air Force has contln·ually assumed Its role of leadership In water 

pollution abatement (Executive Order 11288) as evidenced by the following 

actions: 

a. Combined treatment of Industrial wastes 11fth domestfc oewage on 

Air Force Installations throughout the country, thus eliminating the need 

for expensive and. difficult to operate chemical treatmen·?. plants. 

b. Advanced treatment with water reuse by using chlorinated sewage 

treatment plant effluent for golf ~ourse Irrigation (now under design at 

McGuire AFB, NJ). 

.10 
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high quality effluent with n•lnimal operation and minimal capital costs (now 

under design at Travis AFB CA), 

The Air Force should continue its role of leadership in waste treatment 

• and water pollution abatement by adding to the above list land disposal of 

liquid digested sludge. 
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V. RECOMMENDATIONS 

l. In lfeu of constructing additional sludge drying beds and renovating 

existing drying beds on Air Force installations, land disposal of 11quid 

digested sludge should be practiced. 

2. Land disposal can be accomplished on Air Force bases In the following 

manner: 

a. Use liquid digested sludge as a soil conditioner and fertilizer 

In new con~truction areas requiring large amounts of landscaping. 

b. Use liquid digested sludge as a fertilizer and soil conditioner 

on golf courses and other large outdoor recreational areas In the off 

season when these faciHties are not utilized. 

c. When the above methods cannot be utllfzed for on base disposal, 

dispose of liquid digested sludge off base or on remote areas of the base. 

An additional ga.ng mower may be needed to keep grass tri11111td on remote 

areas of the base. 

3. For Air Force bases located In rural areas, the poss1b111~ of dis­

posing of liquid digested sludge on neighboring farm and pasturelands 

should be investigated. 

4. Before using liquid digested sludge fn habftated areas, such as base 

housing areas, disinfect the sludge by ch1orinatfon to mfn1m1ze danger 

to the public health. 
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Dlf'ARTMINT 01" THI AIR I"DIICI 
HIADQUARTCRI AIR POIICI. L.OGISTICI CONWAHO 

WRIQMT~AftiRSON AI• POACI •Aaa. OHIO .NJI 

MCDPE/76231 22 April 1969 

FY 70 MCP1 Sewage Treatment and Disposal, George AFB 

USAF EnviroRJDental Health Laboratory, Kelly (HKG) 
Kelly AFB TX 78241 

1. Request qualUied personnel from your organization be placed 
on TOY to determine the adequacy of the FY 70 MCP project des• 
cribed on the DD Form 1391, and whether additional work is 
required to provide adequate sewage treatment at George AFB. 
Direct communication is authorized to establish mutually agreeable 
dates for the slll'Vey, Personnel performi"' the siU'Vey will be 
considered as serving on the stall of the Surgeon, 831 TAC 
Hospital, George AFB, duri"' this period of TDY • 

• 
2. It is a sincere pleasure to pass on to you the expression of 
appreciation extended by the Regional ClvU Engineer, Western 
Region, on the excellent service rendered them by your 
Laboratory. Your continued hl;h standards of performance are 
a credit not only to the Laboratory, but to the entire Air Force. 

FOR THE CO-.u.L\NDER 

I • 

/-/ ~ { Ur-~l~-;z-r: ::_ 
H. G. 'wALLACE, Colonel, USAF, MC 
Surgeon .,. 

1 Atch 
Ltr, 11 Apr 69, 
fr AFOCEHW ·B, 
subj as above, w/1 
atch n/c 

Cy to 
AFOCEHW•B 
831 TAC Hosp (sG), 

George AFB CA 9239~ 


