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SEWAGE TREATMENT PLANT EVALUATION
George AFB CA

I.  INTRODUCTION

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 peing programmed. As such, a FY 70 MCP project was initiated and approved
for improvements of the sewage treatment plant to accept higher flows.

Except for a new 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 fer a concept investigation to determine
the adequacy of the FY 70 project as programmed ard 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 sewage
treatment plant against present and projected loads.

This report contains the results of a field survey of the sewage treat-
ment plant conducted between 13-19 August 1969. Projections of hydraulic and
orqanic 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 designed and additional improvements required.




[T1. SUMMARY OF RESULTS

1. Sewage and industrial waste treatment at George AFB CA does not
currently conform to Executive Order 11226 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 with the resultant increase in sewage flow will
place an additional burden on the sewage treatment plant and further reduce
its effectiveness.

2. Adequate sewage and industrial waste treatment can be provided 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 quantity of the water from the stabilization

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

e. Practicing land disposal of liquid digested sludge.
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ITI. DISCUSSION

| A. General j
: . 1. George AFB CA is an installation of the Tactical Air Command ?
t . (TAC). The primary mission is that of fighter pilot training. The base is :?
E ) located in the higher Mojave Desert near Victorville CA somewhat remote from :
a metropolitan area that couid support the base's military and dependent f
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 ar additional 200 prototype houses 1

] 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 80°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

1.5 MGD. During the warmer months (March through September) the average

demand is 5.0 MGD. Peak daily demands during these warm months have reached
7-8 MGD. During the same warm months the sewage treated has averaged 1.1
MGD. Almost 80% of the potable water consumed during the warm morths is used
for irrigation or other exterior uses and is not processed through the sewage

treatment plant.

B. Industrial Waste and Its Treatment

1. A survey of the base revealed that only one segment of the

3




storn drainage system is used for the discharge of industrial waste. This
segment drains the flight line and ramp area and daylights to an open ditch
approximately 300 ft WSW of the sewage treatment plant. Effluent from the
base’s sewage stabilization 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 161 mg/1. The bulk of the waste originates at 4
aircraft washracks along the flight line. 0ils 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 o0il along with
masses of grease floc were noted flowing over the weir during frequent
visual observations. 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 o0il 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 GPD.

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

.




0il and grease and grit solids should be provided. A single conventional
free oil separator with provisions for grit removal should suffice for
i . . prior treatment. The unit should be installed near the existing outfall,
, : Provisions for automatic diversion 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

1. 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 warm months. Close agreement 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 neriod was 0.97 MGD. Industrial waste water discharged to the storm
drainage averaged 0.078 MGD. Figure 2 reflects 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 time. 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 MGD. The
projected average daily sewage flow with 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 MGD. The projected flows provide an ailawance of 425 GPD per family
quarter in addition to the industrial waste. Ficure 3 reflects the
current and projected flows by time of day.

4. The hydraulic design of the plant shcuid 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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FIGURE 2
AVERAGE DAILY SEHAGE AND INDUSTRIAL HASTE FLOWS
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FIGURE 3
CURRENT AND PROJECTED SEWAGE FLOW
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D. Sewage Treatment Plant Projected Biochemical Oxygen Demand (BOD)
and guSpended Solids (S5S) Loadings

1. The two most commonly used parameters in the design of sewage

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

S T R S TP T R ™ P W S

Appendix B contains chemical and physical analysis results performed during
the survey.
2. The average BGD concentration of the raw sewage was 201 mg/1
during the survey period and the average SS concentration was 151 mg/}.
The BOD of the industrial waste was slightly higher (230 mg/1) than the j
sewage, however, its SS was only 27 mg/1. As the industrial waste flow
represented only 8 per cent of the total sewage flow it is considered to
have the same characteristics of the rav sewage provided prior treatment
consisting of free oil removal is provided.
3. Due to lack of laberatory facilities, no BOD or SS determinations
are being accomplished by plant operators, hence, not available for 1
compar<son with the survey data. The BOD and SS concentrations found during |
the survey, therefore, are used to project these loadings on the sewage

treatment plant with the additional quarters. Table 1 lists the current ]

and projected BOD, SS, and hydraulic loadings on the sewage treatment
plant. The projections assume the BOD and SS concentration: remain constant ;
with increased flows. Design and sizing of individual treatment processes

for biological treatment are normally based on average daily flows.

9




;
TABLE 1
SEWAGE TREATMENT PLANT CURRENT AND PROJECTED BOD AND SS LOADINGS
f
* Current Projected
Surve Plant Records 372 Addt'l 563 Addt'!
‘6 Day Avg) (6 month Avg) Qtrs Qtrs
[ Hydraulic (MGD) 0.97 1.12 1.36 1.45 ‘
BOD .‘
mg/ 1 201 201 201 201 :
1bs/day 1622 1874 2270 2420
Suspended Solids 4
mg/1 156 156 156 156
| 1bs /day 1262 1460 1795 1927
|
[
10




£. Current and Projected Unit Treatment Process Loadings and
tfficiencies

1. Excluding separate sludge digestion and stabilization ponds
which are discussed elsewhere, the main sewage treatment plant at George
AFB involves the following processes in the order listed:

a. Comminutors (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 filter with recirculation
through the 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 stabilization ponds found during the field
survey are sumarized in Table 2. There is good agreement between the
efficiencies found for the main plant in the field survey and those calculated
using National 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 RN 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 except the 1ift 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 final clarifier will be

11
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hydraulically overloaded during peak daily flows impairing their effective-
ness.

b. The overall BOD removal efficiency of the main sewage
treatment plant is expected to decrease from a current 81 per cent to about
78 per cent with the additional quarters. In terms of total pounds of BOD
in the plant effluent, this represents an increase from a current 306
Ibs/day to 497 and 561 1bs/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 loadinas and removal efficiencies of each of the
listed orocesses and stabilization ponds found during the field survey are
sunmarized 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 BOD loadings.

b. The overall SS remowal @efficiency of the main sewage treat-
ment plant is expected to decrease f+xm a current 85 per cent to about 82
per cent with the additional quarters. In terms of total pounds of SS in
the plant effluent this represents an increase from a current 194 1bs/day
to 273 and 335 1bs/day with each increment of family quarters.

$. In addition to correcting hydraulic deficiencies for the main
plant, the FY 70 MCP project provides for the installation of a grit chamber
at the head of ihe plant orior to the comminutors. Operating problems have
been experienced by plant personnel due tc grit deposition in the digesters.
Removal of the grit will also prolong pump life by reducing 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 listed 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 ard other items

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

maintenance.
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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 ;
{ A . the area where an additional pond is suggested.

2. An estimated 0.26 MGD of treated sewage from the diked off
sections is used for irrigation of the golf course during the grass growing
season. The remaining pond areas are operated in series, first through

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

s

Figure 4. An estimated 1/4 in/day or 60,000 gal/day of water evaporates
from the ponds. As the average annual precipitation at George AFB is only

4.1 in/year and so long as pond embankments ar2 maintained in good repair,

precipitation contribution to the ponds contents is insignificant. During
the periods the influent to the ponds is diverted to the section for
irrigation (about 2 days each week) there is no effluent discharged off
base from the ponds. 1
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
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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 1bs/day in the influent to only 368 1bs/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 weir is not sufficient.

4. During the survey period the ponds were receiving an average
of 306 1bs/day (34 1bs/acre-day) of BOD. With the higher BOD loadings on
the main treatment plant and lowered removal efficiency of the main plant
with the additional quarters the ponds will receive approximately 500
1bs/day (55 1bs/acre-day) and 560 1bs/day (62 1bs/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 pracedures for stabilization ponds are at best not
pracise. Involved at nne and the same time are sedimentation, oxidation,
and digestion, gas exchange and photosynthesis, mechanical aeration and

evaporation and seepage. Chapter 3, AFM 88-11 states that oxidation ponds

used for secondary treatment will be sized for a detention time of not less
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than 30 days and for an organic loading that does not 2xceed 50 1bs/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 BOD 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 pounds 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
temoeratures 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
would suffice for the projected loadings on the ponds without further
modifications to 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 maximum use o 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 shown at George AFB by the reduction in potable water require-

ments currently used for irrigation. Potable water is currently pumped
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from wells in the Mojave River Valley several miles distance from the

base and requires a several hundred foot 1ift resulting in exceedingly high
pumping cost. Additional use of the water for irrication should be investi-
gated by base personnel. Appendix E contains an excerpt from the California
Administrative 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 reuse of waste water at George AFB.

5. The existing ponds rcquire maintenance, particularly on the

LK

scuth einus, to direct storm water around the ponds and otherwise protect

who ~uid embankments.

OfF BASE

Existing Ponds

. ¢Tu Golf Course
Existing
Drainage Channel

<«— Proposed Pond

Xe— Existing Fence Line

= Sewage
Existing Treatment Plant
Effluent Line
e Figure 4 Existing and Proposed

Stabilization Ponds
George AFB, CA ] <3

P




=

T ———

G. Sludce Digestion and Disposal

1. Sludge Digestion:

a. Sludge digestion takes place in two separate digestion units:
(1) the bottom compartment of the clarigester, and (2) a separate digester.
The clarigester design is somewhat based on the Imhoff tank principal. Both
digesters are heated to approximately 90°F 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 clarifier is currently pumped for 30 minutes each 2 hours to the
digestion compartment of the clarigester. The pumps capacity is approximately
35 GPM. Sludge settled in the clarifier compartnent of the clarigester is
deposited directly (1ike an Imhoff tank) to its digester. Partially dijested
sludge from the clarigester is pumped for 30 minutes each day to the separatie
digester where further digestion takes place.

0. The current and projected loadings on the digesters and
axpected detention times for digestion and storage of the sludge is summarized
in Table 8. Calculations are contained in Appendix C. The projections for
the additional quarters indicate that the detention time for sludge digestion
and volatile solids loading will be within design requirements to provide a
well digested sludge. Final storage capacity and storage time for digested
sludge, however, will be somewhat limited. This lack of storage capacity
should orove to be of little problem with frequent withdrawal of digested
sludge for final disposal.

c. The field 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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Table 8

U

CURRENT AND PROJECTED DIGESTER
LOADINGS AND SLUDGE DETENTION |

Volatile Raw Sludge Sludge Sludge(3)
} _____Solids Volume Detention i
' ‘1B§/day§’
1000 ft
[ 1bs/day digester Raw Digested Digestion Storage
[ Total space tt3/day ft3/day Days ____Days
Current ,
": Survey Datall) 513 28.0 500 163 55 28 '
[moroved(2) 513 28.0 315 135 84 34 i
: Concentration
Projected<2)
372 Qtrs 684 37.2 421 181 61 25 i
563 Qtrs 718 39.0 442 189 58 24 3
NOTES: (1) Based upon actual field survey data of 2% total solids in raw j
sludge pumped to clarigester @ 65% volatile solids and 5% total E
solids in digested sludge. 1
(2) Based upon 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 ﬂ
4 of the clarigester and upper compartment of separate digester
i while storage period based upon volume of lower compartmnent of
separate digester. 1
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compartment of the clarigester. The concentration of this sludge was only

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

(including secondary sludge) averaged 5.3 m1/1 and the trickling filter
recirculation flow through the large clarifier averaged 0.7 mg/1. Equating
these values to the 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 cent solids concentration in the sludge and the per cent suspended
solids removal found in the large clarifier. A reduced sludge pumping rate
(both in pumping time and/or frequency) should increase the concentration

of sludge solids to approximately 4 per cent and allow an 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 detention
times. The plant personnel 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 of the 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 sludye from the larger clarifier, mixing of the sludges in the
digestion compartment, and some concentration during digesticn, 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 Disgosal:

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 digested 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 would be required during the cold months. To
manaually 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, i.e.,
suitable land area and an almost ideal climate.

27
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¢. Appendix E contains a technical paper relating to the
land disposal of digested sludge which contains guidelines and further 1

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

conditioner and fertilizer should prove most beneficial for the base.




IV. CCNCLUSIONS

1. The main sewage treatment plant at George AFB is currently removing
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 BCD removal and 82
per cent suspended solids removal with the additional quarters. Eighty
five per cent BOD and suspended solids removal is considered the minimum BOD
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 per
cent respectively. This decreasc 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 Tilter by plant personnel can increase their hydraulic capacity.

4. No treatment is provided for a large quantity of industrial waste.
This waste can be adequately treated in combination with domestic sewage.
Prior 0il and grit separation should be provided before discharge to the
most convenient sanitary sewer for treatment at the sewage treatment plant.

5. Adequate sewage and industrial waste treatment in conformance
with Executive Order 11288 and AFR 161-22 to the extent of 85 per cent BOD
and suspended solids remov<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>