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SECTION I

INTRODUCTION

SCOPE

Wastewater reuse has become an important t.jol in solving a number
of stressing problems. It offers a means of extending water supplies
and alleviating fresh water demand. Where stringent discharge require-
ments or high surcharge fees are a problem , reuse can reduce discharge
volumes and costs. As the demands on our fresh water resources grow
steadily and environmental protection becomes increasingly critical ,
wastewater reuse has been shown to be an effective, important method of
resource conservation.

Across the United States , over 300 full scale wastewater reuse
programs are in operation . The majority of these utilize the water for
irrigation, although a growing number are supplying industrial plants
and recreational facilities. These programs have shown the economic and
environmental benefits of reuse under properly controlled conditions.

Many Air Force facilities could benefit from efficient reuse of
was tewater. A large percentage of these bases are located in areas of
potential water shortage or in areas with stringent effluent discharge
and/or sewer surcharge requirements. One method of alleviating the
severity of these problems is to maximize wastewater reuse.

It is the purpose of this study to develop , test, and apply a
computer program that will aid in selecting cost effective cascade reuse
networks for Air Force bases.

In essence, a cascade reuse network is a system in which wastewater
discharged from activities (i.e., base housing , vehicle washing , laundry ,
etc.) is collected , blended , treated , transported and reused in the same
or other activities ~on the b~se. 1n thi5s wayS, fiesh water- rkorzua11~r •

required for these operations is conserved , and volumes of wastewater
ultimately discharged to streams or municipal sewage systems are mini-
mized. In practice , the computer program aids in determining the networks
that provide water reuse at the lowest cost.

The cascade reuse model was tested at two case study sites: March
Air Force Base and Davis-Monthan Air Force Base. In addition , evaluation
of limited reuse potential for Andrews Air Force Base was performed .
The model was then utilized at Peterson AFB in Colorado Springs to aid
in the basic design of a treatm ent/reuse facility at that installation.

1

j

~

. ~~~~~~~~~~~~~~~~~~~~~~~~~~ --- - - -.~~~~~~~~~~- - -~~~~~~ .-.-
~~~~~, -



OBJECT1VES

In order to develop a successful  reuse pro~ ram , i t is ni c& ssar~’ t .O

have knowledge of the tolerable water supply limits and discharqe w.it r
characteristics for base activities. In addition , one must bu able to
provide adequate blending , treatment , and storage of wastewater streams
throughout the syster so that sufficient water uuility and ~uantity is
ensured at all activ~.ties at- all times. r~ further criterion is to mini-
mize total cvstem cost.

The objectives of this report are:

1. To summarize existing data on Air Force base activities in
regards to necessary water supply quality and quantity, and wastewater
characti- ristics.

2. To develop a cascade water reuse model (and associated
comnuter software) to aid in selection of the most Cost effective reuse
rio tworks.

The first objective will render reuse more effective by succinctly
delineating the quality and quantity of water required for use by
activities and discharged by activities. If this information is not
ava ilable , it is very difficult to determine appropriate treatment
requirements .

The second objective will allow base engineers to quick ly evaluate
many di f fe rent reuse schemes that would require months to do manually.
The computerized model provides a concise summary of total project costs
and a solid means of alternative comparison .

APPROACH

The basic approach taken in developing an effective wastewater
reuse model can be divided into four avenues: data acquisition , model
development , case study trials, and application.

• . . . - Data-acquisition consisted- of reviewing all, pertinent literature to
obtain data on tolerable input water quality concentrations and degrada-
tion effects of Air Force activities. This information serves to
substantiate specific base data and to fill in gaps where actual results
are not available . In addition , information was gathered relating to
the water distribution , wastewater collection , and treatment systems of
the three bases which were used for case studies.

Model development consisted of six months of intensive work by the
contractor ’s programming staff in conjunction with environmental engi-
neering personnel. Initial trial runs and debugging procedures were

2

—-  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



cot duL tod at the Air  Force com~ U L o r  eer t .r at ti i t lan i 1~FB , ~~-w ~i’ x i c c .
rh . f inal  model is a sop h ist i  .at~~~ tool tha t cart Li used for  a van ot .y
of was tewate r ~euoe sys tems . A l t l i o u j h ~r im ar i1v  designed fo r  use at  I~i r
Force i n s t a l l a t i o n s, the program can be s imi la r ly ai i lied to other
m i l i tar  I r i ci l i t i e s , m u n i c i p a l i tie s , arid large r r i c a t e  i n d u s t r i e s .

Thie A i r  Force bases (i\ndrews , Dcv i~~— •1 - c~ , and March )  were
• selected as case studies to test the per~ orman (If the computer oriented

noLlol. These trial runs were necessary for deb~ -io r~q the model to highlight
shortcomings that could be correctcll . In th is way , it was possible to
modify the computer software to i~rovidr the most prac t icable  tool under
act ual  operating condi t ions . The f i e ld  inves~H ation at Andrews Air
F or c e  Pas~~, however , showed tha t  onl y minor  rr-os~ potential existed
thor-., and it was not cost effective to perforn the computer u:alvii is
for  Ancirows. A manual  anal ys is  was per formed t er  Andrews Ai r  Force Base
and serves as an example of a base where pr elim inar y i n v e s t i g a t i o n  chows
t hat  the s i tuat ion does not warrant proceeding into th~ computer sirsia-
i ion phase.

Peter con AFE was t h r . selected as the first real world app lica-
tion of the model. Althoug h not a large base , Peterson is anticipating
!rculems of water shortage and r ising procurement costs. Located in
semi—arid central Colorado , initial investigation showed a strong
potential for irrigational reuse on golf course and base landscaping .
Out:.ut from the cascade program was instrumental in the early selection
and design phase of a reusc system highlighted by aerated lagoon and
slow sand filter treatment nrior to irrigation.
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SECTION II

BASE ACTIVITY DESCRIPTIONS

GENERA L

This section summarizes typical Air Force base activities in their
relation to cascade wastewater reuse. Literature data pertaining to
activity water volume usage , tolerable source water quality , wastewater
volume generation , and wastewater pollutant concentrations (degradation
by the activity) was obtained from the Industrial Waste and Water
Pollution Surveys. These surveys were conducted at various Air Force
bases by the Environmental Health Laboratory at Kelly Air Force Base,
Texas, unless otherwise noted.

Very little work has been done to date in determining acceptable
water quality levels for Air Force base activities , excluding strictly
domestic uses. The Air Force literature is void of such information ,
and future effort should be made to identify these limits. Wherever
feasible , other non—Air Force literature sources were utilized to esti-
mate tolerable quality limits for various activites. For example , the
necessary quality of irrigation water for golf courses , athletic fields ,
etc., is well documented in the technical literature and entirely
applicable to similar activities at Air Force bases.

ACTIVITIES

Air Force bases are, in essence , small cities with all the services
and activities one would expect in a small metropolitan area including
residential , commnerical , industrial , and recreational components. Table
1 lists the typical activites found at Air Force bases. Not all bases
will contain the activities listed in Table 1, and some bases will
contain water using and wastewater generating activities not listed ,
e.g., laundries. As the reader will see in later sections of this
report, however, activities can be added or deleted from the water reuse
model as desired.

A major difference between Air Force bases is the extent of indus-
trial activity. Those bases designated Air Logistics Centers (ALC ’s)
contain extensive industrial operations which strong ly influence the
character of the overall base wastewater generation . Major ALC’s include
Tinker, Kelly, Hill , McClellan , and Robbins Air Force Bases. Other
bases may have industrial di scharges , but in general , the industrial
component will be minimal in flow and pollutant loadings compared to the
domestic portion.

A second major di fference between A ir Force bases is the quantity
of water required for irrigation. Bases located in geographical areas

4
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TABLE 1. TYPICAL WATER CONSUMING/GENERATION
ACTIVITIES AT AIR FORCE BASES

Domestic

Base Housing
BOQ
VOQ
Barracks
Unclassified Off ice  Space
Hospital/Clinic
Commercial Services (BX , Recreational Activities , Filling Station ,

Guest Hall , Cafeteria , Clubs, Retail Facilities)

Industrial

A ircraf t Wash Rack
Vehicle Wash Rack
Plating and Metal Finishing
Photo Processing
Paint Shop
NDI Shop
Degreasing
Heating/Cooling/Power Generation Plant
Jet Engine Test Cells

Total Sinks

Golf Course
Landscaping
Athletic Fields
Parade Grounds
Fire Protection/Spill
Washdown Reservoir
Recreational Lakes
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n o v  irg regular rainfall , e.g. , And rews Ai r  l o r c o  Lic e , us very
little irri gation water , whereas , bases located in c.rri-arid areas,
e.g. , Dcv i  ; — M i nt h tt A i r  Force Base , use la rge  quantities of irrigation
water. S~ince irrigation is usually the most significant potentici us .
for reclaimed wastowater , those bases having plentiful rainfall are less
l ikely candidates for wastewater reuse.

The f 1 lowing subsections provide a brief summary of t h e  water
usage and woo t water goneration characteristics of various base act ivi-
t ies  listed in Table 1.

BASE HOUSING

The Air Force ty~,icall y use.. a de sig n f i gure of lOU gallons per
cap i t a  per day as the anticipated average domestic sewage flow f rom ~~~
housing residential areas. The average per capita figure is mu lti~~]ied
by the number of dwelling units times the estimated average Fersoi s ~er
dwelling Unit (an average of 3.5 persons per dwelling is used) to arrive
at the total average daily domestic sewage flow . Typically , these
design assumptions are conservative , i.e., they result in an estimate d
average flow volume which is more than the actual average flow volurn ,
thus providing a built-in safety factor for sewer capacity design pu -rises.
For reuse system design , however , the base may wish to carefully m . asu. i
its actual average domestic sewage flow volume since this volume will
often be the major portion of the wastewater available for potential
reuse purposes.

TOLERABLE WATER QUALITY

The water supply quality for base housing should meet the US Public
Health Service drinking water standards. Table 2 summarizes some of
t.hes~ limits.

TYPICAL FINAL EFFLUENT

Effluent from residential base housing is normally typical domestic
waste , as summarized in Table 3. Significant differences can occur
between bases , however , as a result of groundwater infiltration , window
cooler contributions , garbage grinders , and other reasons. If a major
wastewater reuse system is planned , an evaluation of the specific
wastes generated at the base being considered should be performed .

The reader will note in Table 3 that some of the inorganic consti-
tuent concentrations in the wastewater arc dependent upon the concentra-
tions of those constituents in the source ~at - r su~ ~

1 y. For example , if
the source water TDS concentration is desiqna :r-cl ,,X ’, then f t c  waste-

~~ter TDS concentration is equal to X plus the additional TDS increment
added by domestic household use of the freshwater.

C



TABLE 2. RECOMMENDED UP II S DRINKING WATER STANDARD S

Constituent Max . l imit mg/l

phenol 0.001
Cyanide
Cadmium 0.01
TDS 500
Chlorides 250
Sulphates 250
Chromium (total) 0.05
Copper 1.0
Iron 0.3
Lead 0.05
Manganese 0.05
Nitrates 45
Zinc 5.0
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TABLE 3. TYPICAL BASE HOUSING SEWAGE CHARACTERISTICS

Constituent Concentration , mg/ i

BOD 200
COD 300
SS 300
O&G 0.5
NH 4 

30
P0 4 

10
CN 0 .0 1
Phnl 0.15

TDS 300 plus source water concentration
Cl 100 plus source water concentration

Na 50 plus source water concentration
CaCO3 

80 plus source water concentration
Fe 1.0 plus source water concentration

B 1.0 plus source water concentration

8
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Cascade Potential

Currently , potable wastewater reuse is not economically feasible in
the United States. Therefore , base housing and other domestic activities
on Air Force bases will not be considered as potential users of reclaimed
water . The normally large volume of wastewater generated by base housing
has , however, excellent subpotable reuse potential after secondary or
tertiary treatment.

OFFICERS QUARTERS, BOQ AND VOQ

Description

Each base provides apartment-type qu-.rters for bachelor officers
(BOQ ) and visiting officers (VOQ).

Flow

Wastewater generated by BOQ and VOQ quarters averages approxi-
mately 45 gallons per person per day.

Tolerable Water Quality

These quarters require water meeting the Drinking Water Stand-
ards as delineated under the “Base Housing” activity.

Typical Final Effluent Quality

These quarters generate domestic wastewater with constituents
as summarized under base housing .

Cascade Potential

Cascaded water is not currently acceptable for use in the BOQ
and VOQ. However , the wastewater from these activities has excellent
subpotable reuse potential after treatment.

BARRACKS and TRANSIENT AIRMEN ’S QUARTERS (TAQ )

Description

Each base provides barracks for enlisted men and transient
airmen ’s quarters that are similar to the barracks accommodat ions.

Flow

Wastewater generated by the barracks and TAQ facilities
averages approximately 25 gallons per day per person .

9 
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Tolerable Water Quality

See base housing .

Typical Final Effluent Quality

See base housing .

Cascade Potential

See base housing.

UNCLASSTF[ED OFFICE SPACE

Descri ption

Unclassified office space is limited to office facilities only
(i.e., not buildings with labs) and includes: headquarters , base
operations and various tenants.

Flow

Wastewater generated by office facilities averages from 10 to
25 gallons per person per day .

Tolerable Water Quality

See base housing.

Typical E f f l u e n t  Quality

See base housing.

Cascade Potential

See base housing.

HOSPITAL/CLINIC

Description

Current Air Force policy requires a base to have 2,700 active-
duty personnel to be eligible for a hospital. Smaller bases provide
clinics primarily for out—patient service.

F low

Wastewater generated by hospitals and clinics averages roughly
200 gallons per day per bed .

10
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Tolerable Water ~)uailty

See base housing.

Typ ical Effluent Quality

See base housing.

Cascade potential

See base housing.

COMMERCI AL SERVICES (BX , F I L L I N G  STATION , CLUES , CAFETERIAS , RECREATION
FAC IL ITIES , THEATERS )

Gene ral

Air Force bases are essentially small cities and as such ,
require the commercial services listed above.

Flow

Wastewater generated by commercial services is domestic in
quali ty and u sua l ly of negligible volume . It can be assumed that the
domestic volumes previously discussed adequately iuclude the volume
genera ted  by commercial ac t iv i t ies .

Tolerable Water Quality

See base housing.

Typical Effluent Quality

See base housing.

Cascade Potent ial

See base housing .

AIRC RAFT/AGE WASH RACK

Description

Al l b~~ es have facilities for washing aircraft. However , the
marmitude of the operation varies greatly from base to base. The major
wastewater ‘~~aeration is from water used to rinse off solvents (i.e., PS
661) and d tergents applied to the aircraft.

.:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , :: i
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Flow

Wastewater generation depends on the number and type of air-
craft washed. Average volumes generated are reported to le 2,000
gallons per plane for small craft up to 7,500 gallons for large aircraft.
Total generation at bases ranges from approximately 5,000 to 50,000 gpd.

Tolerable Water Quality

Table 4 summarizes tolerable water quality concentrations for
aircraft wash rack operations. As shown , aircraft washing apparently
could be accomplished using water of a quality produced by good secondary
level sewage treatment. There is, however, no experience record or data
to confirm this speculation .

Typical Effluent Quality

Table 5 summarizes typical effluent quality for aircraft wash-
ing operations. As shown , the waste is very high in BOD, COD , O&G, and
PU4.

Cascade Potential

High quality secondary effluent can potentially be used for
aircraft washing. Contaminants of most concern in this regard are :
BOD, SS, Cl , CaCO3, 

and bacteria. Highgrade secondary treatment of
domestic waste generally provides an effluent that will satisfy the
tolerable requirements .

The extremely high BOD and COD of aircraft washwater effluent
generally prevents its reuse in other activities without significant
dilution and treatment. If future reuse is contemplated, usually the
most feasible method of handling this effluent is pretreatment for O&G,
BOD, and COD removal prior to dilution and further treatment.

VEHICLE WASH RACK

Description

All bases provide vehicle washing facilities at one or more
motor pools. The operation is similar to a coimnercial car wash with
more emphasis on manual rather than automatic operations. The magnitude
of the operation varies from base to base , depending upon number of
vehicles, road conditions , weather , and other factors.

Flow

Was tewater genera tion ranges from 500 to 45 ,000 gpd at an Air
Force base. Genera tion per vehicle is reported at approximately 50—100
gallons.

12
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I
TABLE 4 . TOLERABLE WATER QUALITY AIRCRAFT WASH RACK

Constituent Concentration (mq/l)
a

ROD 20

COD 50

Phnl 3.0

SS 20

TDS 2000

O&G 10

Cl 600

NO
3 

--

NH
4 15

P0
4 ——

Na 600

CaCO
3 500

B~~~ — —

CN 0 .5

Fe 40

a All tolerable levels estimated by the contractor as no literature
or base data was avajiable.

b Concentration not significant for this operation.

13
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TABLE 5. TYPICAL EFFLUENT QUALITY AIRCRAFT WASh RACK

Constituent Concentration (mg/l)
a

BOD 5700

COD

Phnl 8.5

SS 470

TDS
h 

--

O&G 280

Cl
b 

--

NO
3 

0.8

NH
4 

( 0 .1)

P0 80
4

Na
b 

--

CaCO
3
b 

(0.1)

CN (0 .005 )

Fe
b 

1.1

a Concentration in parenthesis estimated by the contractor.

b Concentration dependent on source water quality .

14 
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Tolerable Water Quality

Tolerab le  WO ~~~ I .i1 i u s l i t y  co n c en t r a t i o n s  are  lj s t , d  in  1 , d ] e  1~

In genera l , i t  a }1earc that that good secondary level a wiige t r e a t s o r t
e f f l ue n t  would  be acceptable for  veh ic l e  w a s h i n g  ot e r a t l o r i n .  Thi re in ,
however , no experience record or data to confirm this r~!s culation .

Typical Effluent çsiality

Table 7 summarizes typical effluent quality from vehicle wii ~h—
i.ng operations. As s. ~wn , the waste is high in COD and O&G.

Cascade Potential

Vehicle washing appears to have good cascade potential as a
recipient of high grade secondary effluent.

PLATING AND METAL FINISHING

Description

Although a few bases other than ALC ’s have some type of plating
and metal finishing facilities , it is a significant activity only at the
five ALC ’s. Plating materials include nickel , zinc , copper , Cd , Cr , Ag,
Au , and o the r s .

F low

VJastewater gene~ ated by plating operations at the ALC ’s ranges
in volume from 200,000 to 500,000 gpd . The larger flows may represent
significant percentages of the entire base effluent.

Tolerable Water Quality

Water quality limits for plating dep ~nd on the type of plating
being performed and the particular operation eceiving the water. Pota-
ble water or deionized water is required for rinse tanks and scrubbers
which together represent approximately 80 percent of the activity water
demand . Washdown water is the only subpotable quality water use activity
in the plating operation , and it comprises approximately 20 percent of
the total water demand.

Typical Effluent Quality

Effluent generated by plating and metal finishing operations
is totally dependent on the types of processes involved . For this
reason, no typical values are presented here.

15
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TABLE 6. TOLERABLE WATER QUALITY VEHICLE WASH RACK

Constituent Concentration (rng/1)
a

ROD 20

COD 50

Phnl  3 .0

SS 20

TDS 2000

O&G 10

Cl 600

NO
3
’
~ --

P0>

Na 600

CaCO
3 

500
b

B --

CN 0 .5

Fe 40

a All concentrations estimated by the contractor .

b Concentration not significant for this activity.
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TABLE 7. TYPICAL EFFLUENT QUALITY VEHICLE WASH RACK

Cons t i t uen t  Concentra t ion (mg/ l)
a

BOD 450

COD 1100

Phnl 0.01

ss (500)
b

TDS --

O&G 110

Cl b 
--

NO
3 

3.3

NH
4 

( 0 .1)

P0
4 

12
b

CaCO
3
b

B (0.1)

CN (0 .005 )

Fe
b 2.6

a Concentrations in parenthesis are contractor estimates.

b Concentrations are strongly dependent on source water quality .

17 
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r ~~~
In g e r i e r il , if reuse is not t r a c t  rd r n t~ i t I 1 I V , the ~~~~l

can be expected to contain high concentrat ISI S of metal ions - l T d  i-

nides hut will otherwise be of fairly high qualit;. !~i w i l l  b
for eìch of the ALC ’S to monitor their own plutins i c t I ’.’ J t  t i . —

Cascade Potential

Plating ote rations may offer limited casc r;L ~K t  n t  i a l .  H i g h
q u a l i ty secc~n;i:Irv or tertiary effluent is a possible source for ~~
w a t e r .  I t  is u uu b t f u l  , however , that  a sel-arati ct s v o t -rn r v i d i r ~~
recla imed wat . o-r onl y f o r  washdown would be economica l l y and r r i -

~~I~~~ilI y

feas ib le .  Other  wa te r  U ses demand very high q u a l i t y  wat c tS :a would
not be economically available in a cascade system .

Due to the high metals  and/or cyanide content  of tim ffLA i t

f r o ; the p lat ing shop , d i rect  cascade to another ac t iv i ty  is not qeneriill
p r a ct i c a b l e  wi thout  p re t rea tment  for  e tal  removal and/or c y an id e
destruction prior to blending and further treatment. For ALC ’s w i t h
h i h  plating flows , inshop reuse should be pursued to its greatest
e -t e n t i a l .

PHOTO PROCESSING

Description

All bases provide some type of photo processing f a c i l i t i e s .
Most are small, 8-hour per day shops. A few bases, however , have large
photo processing capability and operate on a 24-hour basis.

F low

Volumes of wastewater generated range from a few hundred to
20,000 gpd depending on the type of facility .

Tolerable Water Quality

Table 8 summarizes typical quality limits for photo processing
source water. As can be seen , the limits are quite stringent and
virtually demand the use of fresh water.

Typical Effluent Quality

Table 9 provides typical effluent quality for discharges from
photo processing operations. As shown , a high cyanide concentration in
the discharge is of principal concern .

Cascade Potential

Photo processing does not appear to be a feasible recipient of
cascaded water. The effluent , however, can be reused for some purposes
following cyanide destruction and high grade secondary treatment.

18
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TABLE 8. TOLERABLE WATER QUALITY PHOTOGRAPHIC PROCESSING

Constituent on -thration (mg/l)

ROD 0 .1

COD 1.0

Phd 0.001

SS 1.0

TDS 700

O&G 0 .2

Cl 200

20

0.1

P0
4 3.0

Na 100

CaCO
3 400

B 0.1

CN 0.01

Fe 0 .3

19
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TABLE 9. TYPICAL EFFLUENT QUALITY PHOTOGRAPHIC PROCESSING

Constituent Concentration (mg/l)

SOD 100

COD 320

Phnl
a (0.001)

SS 30

TDS --

O&G 3.9

--

NO
3 

8.8

NH4 
16

P04 
9.3

bNa --

caco 3
b 

2.8

CN 4.8

Fe 3.8

a Contractor estimate .
I

b Concentrations strongly dependent on source water quality.
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PAINT SHOP

Description

All bases provide facilities for painting . However , this
activity is only significant at the ALC ’s as water generated by routine
air base paint shops is negligible.

Flow

Large painting facilities at ALC ’s generate significant
volumes of wastewater as blowdown from wet wall scrubbers (approximately
10,000—50,000 gpd). The wet wall scrubber is used to filter the exhaust
air arid entrain any paint particles not adhering to the part being
processed .

Tolerable Water Quality

Water for the wet wall need not be of high quality . Table 10
summarizes tolerable concentration limits for water used in paint shop
wet walls. Similar quality water can be used for washdown purposes.

Typical Effluent Quality

Table 11 delineates typical effluent quality for discharges
from paint shop facilities. As can be seen, the waste is very high in
BOD, COD, O&G, MBAS, and chromium.

Cascade Potential

Large painting facilities at ALC ’s appear to be good potential
users of cascaded water as their wet walls and washdown activities do
not demand high quality water. Secondary effluent could be used for
these purposes.

Effluent from paint shops is highly contaminated and of no
potential reuse value, unless significantly diluted prior to further
treatment.

HEATING/COOLING/POWER GENERATION PLANT

Descri ption

These activities are combined in this report because they are
often concentrated in one or more centralized facilities. In addition ,
they have similar water supply quality requirements and generate a com-
bined discharge.

21
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TABLE 10. TOLERABLE WATER QUALITY [A ILl SHOP WE ! WALL SCRUBBER

Constituent Concentration (mg/1)
a

BOD 30

COD 60

Phnl
b --

SS 60

TDS
b 

--

O&G 30

Cl
b --

NO
3
b --

NH
4 

15

~ Q b

CaCO
3 —-

CN 0 .5

Fe --

a All concentrations estimated by contractor engineers.

b Concentrations not significant for this activity .

22
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TABLE 11 . TYPICAL l - : I E L U L L T  ,t t J A I l’I Y PAINT SHOP EL: L i :  S( ’RUBBEK

Constituent (‘oncer1lration (mg/l )~

BCD 8 , 100

COD 13,600

Ph n l 1.2

SS 2,000

TDS --

O&G 280

Cl --

NO
3 

(2 8)

NH 4 
( 0.1)

PU
4 

( 3.0)
Na
b 

--

CaCO
3 

--

B ( 0.1)
CN ( 0.005)
Fe 3.2

Cr (total) 13

MBAS 4,900

a Concentrations in parenthesis are estimates by contractor engi-
neerb.

b. Concentrations dependent on source water quality .

23
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Flow

Wastewater generated consists of continuous or intermittent
blowdown from the system that will vary in quality depending on the size
of the boiler facility , the mode of operation , and the quality of the
source water (TDS, hardness , etc.). An average blowdown volume at a
moderately sized boiler plant ranges from approximately 2,000 gpd to
10,000 gpd. If air conditioning and/or power generation is also done at
the plant , the blowdown may increase to 50,000 to 100,000 gpd , or more.

TOLERABLE WATER QUALITY

The technology of boiler feedwater makeup and cooling tower makeup
waters is complex , as evidenced by the large number of major US corpo-
ration which specialize in providing consulting and chemical supply
services for treatment of this water. For the purposes of this report ,
we have assumed that low pressure boilers (200—400 psia) are being used
for heating and/or power generation and that feedwater of adequate
quality for steam generation is also adequate for air conditioning
equipment purposes.

Water quality requirements for boilers vary depending on the
operating pressure. Even low pressure boilers (200-400 psia) require
water of low hardness to reduce scaling of pipes and heat exchange
units. Table 12 summarizes water quality requirements for low pressure
boilers.

Final Effluent Quality

Closed loop boiler systems concentrate contaminants in the
source water roughly 5 to 10 times before discharge due to evaporative
loss. Table 13 shows typical discharge concentrations. As shown , the
effluent will tend to be high in TDS, hardness , dissolved salts, and
perhaps nutrients , depending on the source water concentrations for
these constituents.

CASCADE POTENTIAL

High quality demands for boiler feedwater makeup systems normally
preclude the feasible use of cascaded water for this purpose , however ,
there are three known locations, all in west Texas , where reclaimed
municipal e f f luen t  is subjected to extensive additional treatment and
used for boiler feedwater makeup. In all three cases, the existing
f reshwater al ternate supplies are in very short supply.

There are approximately ten locations in the US where reclaimed
municipal sewage effluent is further treated and used for cooling water
makeup at large power generation facilities . Because of econom ies of
scale , it is doubtful that an Air Force base could justify the cost of

24
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TABLE 12. TOLE RABLE WATER QUALITY
BOILER PLANT/COOLING TOWER SYSTEM

Constituent Concentration (mg/l) 
a

BOD (1 .0)

COD (3.0)

Phnl (0.1)

SS 10

TDS 700

O&G (1.0)

Cl (200 )

NO 3
b 

(30)

NH
4 

( 0 . 5 )

P0 4 ( 4 . 0)

Na (200 )

CaCO
3 20

B ( 2 . 0)

CN (0 .5)

Fe (0.5)

a Concentrations in parenthesis are contractor estimates , other
values were taken from US Department of the Interior , Waste
Quality Criteria: Report of the National Technical Advisory
Committee to the Secretary of the Interior , Washington , US Govern—
ment Printing Office , 1968, p. 194.

b Concentrations not significant for this activity .
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TABLE 13. TYPICAL EFFLUENT QUALITY

BOILER PLANT/COOLING TOWER SYSTEN

Co n s t itu e n t  Concen t ra tion  (mg/ l )
a

‘1

BOD 1~~.0

COD 15

:linl 0.005

SS 50

TDS 3 , 500

O&G 5.0

Cl 1, 000

NO
3 

150

NH
4 

2 . 0

PU
4 

20

Na 1,000

CaCO
3 

100

B 10

CN 2 .5

Fe 2.5

a All concentrations generated at 5 times tolerable source water
quality limits.
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[li t additional r u t at i v el y smal l  scale t r eat m e n t  fac ilities arid chemicals
to f ur t h e r  tr it rI claimed ~ t fluent ta 1 level commensurate w ith a l t i rriat
f t  ~ s;; water sl i t  l ies .

Blowdown from the boiler facility is usual]y h i gh in TDS bu t is erie
of t h e  f e w  activity effluents w h i c h  may he suit able for di n e t  r u t s
without further treatment in ,i’tivities for wi Ii salLe ar riot a problem.

POWER BOILER PLAN T SCRUBBER

t O set ipt ion

Bases burning coal or high sulfur o~ 1s for power or steam
qeneranion are often faced vi th the problem of particulate and SO

2
removal. Particulate materials are usually removed mechanically or by
electrostatic precipitators , but the present air pollution regulations
recr’ ire either SO

2 removal or limiting the fuel supply to low sulfurfuels. Combined removal of both particulates and 
~°2 

can be achieved
with wet scrubbing techniques. These wet scrubbing systems require
significant amounts of input water and may be operated in an open or
‘~losed loop mode , depending upon the design selected . The amount of
water re iuired depends upon the mode of operation and the size of the
fuel burning system .

In the closed loop mode of operation , all input water leaves
the system by evaporation or wi th the sludge (prirr.nil y composed of
particulate material and/or insoluable SO

2 
and SO

3 
compounds - calcium

sulfites and sulfates).

F low

Flows from scrubbers on small power plants will range from
virtually 0 for a closed loop system (all water being discharged in the
sludge) to a 40,000 gpd discharge for an open system .

Tolerable Water Quality

The water quality acceptable for use in a wet scrubber depends
upon the specific design of the unit. Generally, they will accept very
poor quality except for pump seal lubrication and demister rinse operations
(a secondary water usage). Many 

~
°2 

scrubbers have been successfully
operated with internal recirculating slurries containing 15 percent SS
and 15 percent DS. They have also been operated using soda/lime clarifier
sludge as an input water and chemical supply.

In general , well designed wet scrubbers can acet~~c almost any
quality of water if provisions are made to use non—scaling, noli-c’errosive
water for pump seals and demisters. Assuming that two s t~~~~~~ i t t -  wat r-
supplies to the scrubber are not desirable, the tolerable water quality
would be similar to that shown in Table 14.

27
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TABLE 14. TOLERABLE WATER QUALITY POWE R PLANT SCRUBBER

Constituent Concentration (mg/l)
a

BOD 100

COD 200 H
2.0

SS 100

TDS 2,000

0&G 50 .~~~~

Cl 600

NO
3 

50

NH 4 
20

P 4
Na 600

CaCO 300
b

B --

CN 0.5

Fe 20

Mg 200

a All concentrations are contractor estimates.

b Concentrations not significant for this activity .

28



Typical Effluent Quality

Naturally, effluent quality will vary depending on the amount
of recycle. Typical concentrations for open loop operation from Air
Force bases are summarized in Table 15.

Cascade Potential

The power plant scrubber is an excellent recipient for treated
or untreated cascade water. The scrubber is tolerant to most other con-
stituents, and its performance is enhanced to some extent by dissolved
solids.

Effluents from scrubbers , particularly some types of semi—
closed loop systems, are concentrated and usually not suitable for
cascade to other activities .

NDI Shop

Wastewater generated by the Non-Destructive Testing Shop is so
low in volume and high in contam.~nation that it has virtually no potential
for cascade reuse.

Degreas ing

Wastewater generated by degreasing activites is so low in
volume and high in contamination that it has virtually no potential for
cascade reuse .

IRRIGATION

Description

Many bases provide significant irrigation of golf courses,
athletic fields, landscaping , parade grounds, and housing areas. In
semi—arid locations, irrigation is usually the major water user. Irri-
gation with treated municipal sewage effluent can be considered an
established technology with approximately 300 such applications in
operation in the US, including over 40 at golf courses.

Flow

It is assumed that no water is discharged from irrigated
grounds and that irrigation demand will vary tremendously depending on
climatic conditions. Potential irrigation reuse applications in semi-
arid areas are typically greater than the total wastewater production of
the base.

29
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TABLII 15 . I Y l I - icl l:FF’LUENT QUALITY POWER PLANT SCRUBBER

C o n s t i t ut r i t  Concentra t ion (mg/ i)
a g 

— -  ---

~~~~~~~~

----

~~

-.-—---

BOD 10

COD 724

Phnl (0.001)

SS 3 , 267

TDS (5,000)

O&G 0 . 3

Cl (400)

NO
3 

( 28)

NH 4 
( 0 . 1 )

P0
4 

5.4

Na ( 72)

CaCO
3 

(200)

B (0.1)

CN ( 0 .0 0 5 )

Fe 5.3

a Concentrations in parenthesis are contractor estimates.
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Tolerable L it or aol  it v

Table 16 li sts toicrahie quality limits fot irrini t ion water

a~ p lied to go l f  courses.  Of p a rt  i c u l ar  i mpo n t once or e Boron , Ch l o r i des ,

arrd TDS. Note that some vegetati- n is much lee: ;  to ie i u r r t  to var lou t ;
c o n s t i t u e n t s  than  the concen t ra t ions  shown in t a b l e  1

Typ ical  L f f l u e n t  ç u a li t y

No d i s c h a r g e .

Cascade P o t e n t i a l

Golf courses and other irrigation areas are txc~ llent recipi tits
(sinks) for cascaded wastewater if satisfactorily treated . Nutr ients in
the wastewater are an advantage as fertilizer . Where concecjtratic.r e- of
ce r t a in  c o n s t i t u e n t s  are in to le rab le  or borderline , intelligent irrigation
management and/or blending with freshwater supplies will provid e :-atisfac-
tory solutions.

FIRE PROTECTION/ SPILL WASHDOWN RESERVOIR

Description

All ALC ’s must provide storage of large volumes of water for
fire protection and for washdown of oil and fuel spills.

Flow

It is assumed that the reservoir is kept full and refilled as
needed to make up for evaporative losses. It could also be used as an
irrigation water buffer.

Tolerable Water Quality

Table 17 lists tolerable water quality limits for fire pro-
tection/spill washdown reservoirs.

Typical Effluent Quality

No discharge.

Cascade Potential

These reservoirs would be excellent recipients for secondary
e f f l u e n t  on a sporadic basis.
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TABLE 16 . TOLERABLE WATER QUALITY IRRIGATION

Constituent Concentration (mg/l)
a

BOD 30

COD 60

Phnl 0.5

SS 50

TDS 2 , 000

O&G 30

Cl 350

No
b -—

Na 350

• CaCO
3 

--

B 3.0

CN 0.01

Fe 10

a All concentrations are contractor estimates , and generally con-
stitute maximums for hardy turf applications. Many plants may
have a lower tolerance to certain constituents (e.g., boron)
than  l i s ted  acr e .

b Concentrations not si jnificant for this activity .
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TABLE 17 . TOLERABLE WATER QUALITY
FIRE PROTECTION/ SPILL WASIIDO WN RESERVOIRS

Constituent Yoncertration (mg/l)
a

BOD 20

COD 60

Phnl  0.01

ss 20

TDS
b 

--

O&G 1.0

Cl --

1
3 5 .0

25

P0
4 20

——3
B 0.1

-~ 0 0.1

Fe 5.0

a All  concentra t ions  are contractor estimates.

b Concentrations not significant for this activity .
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RECREAT IONAL LAKES

Description

Recreational lakes for picnicing , fishing , and boating ant
potential cascade ac t iv i t i e s  although bases do not c u r r e n t l y  us’ wact e-
water for this purpose.

F low

The lakes would be filled as needed or when suitable water was
available chat would otherwise be discharged.

Tolerable Water Quality

Table 18 summarizes tolerable water quality limits for limited
body contact, recreational lakes. As shown , tertiary effluent with
nutrient removal would be necessary to provide satisfactory quality .

Typical Effluent Quality

No discharge .

Cascade Potential

These lakes would be possible recipients of tertiary effluent.

34
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TABLE 18. TOLERABLE WATER QUALITY RECREATIONAL LA KES

(LIMITED BODY CONTACT)

Cons t i tuen t  C o n c e n t r a t i o n  (mg/l ) a

BOD 10

COD 60

Phnl C 0.01)

SS 10

TDS 575

O&G ( 5.0)

Cl 300

NO
3 

2.5

• NH
4 

0.1

PU
4 

0 . 3

Na 250

CaCO
3 

--

B 0.1

CN ( 0.1)

Fe ( 5.0)

a Concentrations in parenthesis are contractor estimates. Other
values come from contractor engineers, “Demonstrated Technology
and Research Needs for Reuse of Municipal Wastewater,” Office of
Research and Monitoring , US EPA , Washington , DC 20460, 1974.
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SECTION III

TREATMENT OPTIONS

— GENERAL

This section describes the treatment alternatives used to provide
input data to the cascade reuse model. This treatment input data
included estimated removals of various pollutants and costs of treatment
as a function of flow. The model is designed so that the engineer may
select to use different process efficiencies and costs than are described
in this section.

CASCADE REUSE TREATMENT MODULES

The cascade water reuse model is constructed so that all treatment
data , including costs, are included in the input data . In this way, Af’
civil engineers are free to modify current treatment data or add new

~hains and costs. Methods for amending and inputting these parameters
are delineated in the user manual.

A total of five regular treatment chains and four special pre-
treatment options were selected for use in testing the cascade water
reuse computer program , as listed in Table 19. Treatment efficiencies
and total costs have been evaluated for these regular treatment chains
and pretreatment units.

The following subsections briefly summarize the important cost
derivation information for each of the treatment chains and pretreatment
options shown in Table 19.

COSTS

All treatment capital costs have been approximated by equations of
the form :

Total Capital Cost ($) = (A + BQ
c
) CCI

~~~~~~~~~~~ where:

A = fixed capital cost ($)
B = unit capital cost ($/gallon)
C = economy of scale factor
Q = flow (gpd)
CCI = current Engineering News Record (ENR) Construction

Cost Index
CCI = January 1975 ENR Construction Cost Index
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TABLE 19. TREATM ENT OPTIONS SELECTED AND COSTED

Regular Treatment

I . Primary Only
2.  Conventional  Secondary (wi th c h l o r i n a t i o n )
3. Conventional Secondary plus multi-media filtration
4. Conventional Secondary plus filtration , plus carbon

adsorption
5. Lonventional Secondary plus filtration , plus carbon

adsorption , plus reverse osmosis
6. Aerated Lagoons
7 . Aerated Lagoons plus mul t i—media  f i l t r a t i o n
8. Aerated Lagoons plus slow sand filtration

~pecial Treatment

1. Metal Removal
a 

b
2. Oil and Grease Removal
3. Softening
4 . Chemical  Coagula t ion

a Assigned the same cost function as chemical coagulation for
purposes of case study trial runs of the computer program .

b Assigned the same cost function as primary treatment for
purposes of case study trial runs of the computer program .

_ _  - - ~~~~_



All treatment O&M costs have been approximated by equatiorie of ti~
arm :

Annual O&M Cost ($/yr) (A + BQ
C
) ~~~~~~~~~ where:

LCI

A f ixed O&M cost ($/yr )
B = uni t  O&M cost ($/y r / ga l l on)
C = economy of scale fac tor
Q = flow (gpd)
LCI = current ENR Labor Cost Index
LCI = January 1975 ENR Labor Cost Index

This uniform representation of costs facilitates modification or
extension of the treatment cost data , if desired . Note that all cost
coefficients must be updated to January 1975 dollars. The program will

• automatically update treatment costs for following years using the
ratio of

the current ENR index.
1975 ENR index

In each case, a capital recovery factor (CR1) of the form:

CR1 = (Cap ital Cost) i (1 -
~

(1 + .)n — 1

where:

i = interest (actual value supplied as input data)
n = years (actual value supplied as input data)

The CR1 was applied to the capital cost figure to obtain a yearly capital
cost which was then added to the annual C&M cost to obtain a total yearly
cost for treatment.

Note that the cost functions used are good approximations for facilities
with treatment capacity only up to approximately 5 mgd . In addition ,
treatment costs are based on normal concentration ranges. Caution must
be used in applying these costs to unusually strong wastes. Land costs
are not included .

REGULAR TREATMENT CHAINS

Primary Treatment

.pr.im.ary treatment .co~-tsists of bar screening , comminution
and clarification in a circular concrete tank , anaerobic sludge diges-
tion , and sludge drying beds. Costs include all concrete , mechanical
apparatus , electrical , and installation .
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Cost~ for primary t r atm cnt i t  r e : r s  nted by the followir ;

equa t ions

0 71
Cap i t a l  Cost ( $ )  = (3( . :c (1 

~Th

8~~l LCI
Annua l  O&M Cost ( $ / y r)  = (0.315 Q

Conven t ional  Secondary Treatment

Conventional secondary treatment consists of 1-rimary clarif i-
cat ion , ac t i va t ed  sludge secondary t rea tment, f i n a l  c l a r i f i c a t i o n,
chlorination , anaerobic digestion , arid sludge dry ing beds .  Costs includl
all concrete , mechanical apparatus , electrical and installation.

Capital and O&M costs for conventiona l secondary tre~ tment
(including primary) are represented by the following equations

Capital Cost C s )  = (1159.00 Q0
~

508 ) 
~~~~

Annual  O&M Cost ( $/ y r)  = ( 3 6 2 . 9 0  Q°~
40 ) 

~ 4i-

Conventional Secondary Treatment Plus Filtration

This treatment chain consists of the addition of multi-media
filtration to the conventional secondary treatment described above.
The Capital Cost Curves for these treatment chains are shown by Figure 1,
Operation and Maintenance costs are shown by Figure 2.

Costs taken from: Smith , R., “Cost of Conventional and Advanced
Treatment of Wastewater ,” JWPCF , 40, September 1968.

2 
Costs taken from “Wastewater Treatment Plan Cost Estimating Program ,”
Advanced Waste Treatment Research Laboratory , Water Quality Office ,
Environmental Protection Agency , Cincinnati , OH , April 1971.

39 

--- -- -i~~• - ~~~~~-~~— - ---



F - -  - - — - .

~~~~~

- —
~~~~~~~~~~~~~ 

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

~~~~~~~~~

3000 —

CAPITA L COST ( JAN 1975 $)

• PRIMARY TREATMENT
2000 — 0 CONVENTIONAL SECONDARY TRE ENT

£ FILTRATION
~ CARBON ADSORPTION

• REVERSE OSMOSIS
O AERATED LAGOONS

1 000 —

0
o 500—
0

I-
200—

C,
-J 150 —
d
I—

100 —
C-,

20—

10—

5—

0— U
0 .1 I 2 3 4 5

MGD

Figure 1. Capital Costs, Regular Treatment Chains

40 

- - - - -



_ _ _ _ _

700 -
0&M COST (~~/YR , JAN I975$)

600 - • PRIMARY TREATMENT
o CONVENTIONAL SECONDARY TREATMENT

500 — £ R E V E R S E OSMOSIS

~ AERATED LAGOONS
• FILTRATION

400 — 0 CARBON ADSORPTION

300 —

200 -

0
0
0

I-
U)
0
C,

0 20~~

1 0 —

5 —

0 I
0 .1 I 2 3 4 5

MGD

Figure 2. O&M Costs, Regular Treatment Chains
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C a ; i t i l  and Ot~M costs for i1 ~~- multi—media filtration ut~it alone

(at 4 - ;~c:’sq tt) are represented by the follow i ng equations

0.631 CCI
Cap ital Cost ($) = ( 2 9 . 97 Q )

0.633 LCI
Annual O&M Cost ($/yr) = ( 5 . 9 5  9 )

C o n v c n t i o n a l  Secondary Trea tment  P lus  F i l t r a t i o n  P lus  Carbon
Adsor1rt ion

This treatment chain consists of the addition of carbon
adsorra-iorr aft-ri multi—media filtration in the preceding chain.

Capital and O&M costs for granul~ r carbon adsorption alone
are represented by the following equations

Capital Cost ( $ )  = (128.10 9
0.627

)

Annua l  O&M Cost ($ / y r)  = ( 2 . 7 3  çi0~
724 ) 

1

Conventional Secondary Plus Filtration Plus Carbon Adsorption
Plus Reverse Osmosis

This chain consists of the addition of reverse osmosis after
carbon adsorption in the preceding chain.

Capital and Q&N costs for reverse osmosis alone (including
membranes, feedwater pux~p , and auxi liary equipment) are represented by
the following equations

Capital Cost ( $ )  = (13550 + 0.10 ~~ 2103

Annual O&M Cost ($,‘yr) = (75.78 + 0.13 Q) 
471

Costs taken from : Smith , R . ,  “Cost of Conventional and Advanced
Treatment of Wastewater , ” JWPCF , 40 , September 1968.

Costs taken from: “Development Document for Ef f luen t Limitations
Guidelines and Standards of Perf ormance — Canned and Preserved
Fruits and Vegetables Industry, SCS Engineers , Eff luent Guidelines
Division , Environmental Protection Agency , Washington , DC, December
1974.
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Aerated Lagoons

This treatment alternative consist -~ of biological treatment
in a series of two aerated lagoons. Costs include all earthwork ,
impermeable lining installation , mechanical aeration , internal piping ,
electrical work , and chlorination.

Capital and O&M gosts for this treatr nit chain are represented
by the following equations

Capital Cost ( $ )  = (1352.00 9
0.32

)

Annual O&M Cost ($/yr) = (1767.00 9
0.21) f~~__

Aerated Lagoon Plus Multi-Media Filtration

This treatment alternative consists of the addition of terti-
ary multi—media filtration to the aerated lagoon system just discussed.

Costs for the filtration facility alone are identical to those
previous delineated in Chain No. 2.

Aerated Lagoon Plus Slow Sand Filtration

This alternative cOnsists of the addition of slow sand filter
beds to the basic aerated lagoon system .

Costs for slow sand filtration alone (0-1 mgd) including earth
work, drainage tile, me~ ia preparation , and piping are represented by
the following equations

Capital Cost ( $ )  = (0.15 9) 2103

Annual O&M Cost ($/yr) = (0.0043 Q)

Costs taken from: “Development Document for the Effluent Limitations
Guidelines and Performance Standards — Canned and Preserved Fruits
and Vegetables Industry , SCS Engineer for Effluent Guidelines Division ,
Environniental Protection Agency , Washington DC , December 1974.

6 Costs developed by contractor engineers.
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SPECIAL TREATMENT UNITS

Metal Removal

Metal removal basically consists of chemical addition and mix-
ing in a clarifier for precipitation or oxidation .

This unit is intended to be employed as a pretreatment at
heavy industrial operations generating significant waste metals that
might interfere with successful biological treatment and reuse.

Capital and O&M ~osts for special metal removal are represented
by the following equations

Capital Cost ($) = (435.00 9
0.41)

Annual O&M Cost ($/yr) (16.24 + 57~ 93 9
0.41

) 4.71

Oil and Grease Removal

The oil and grease removal unit is assumed to be an API type
separator. Costs include concrete , mechanical scrappers and rakes,
electrical , and installation.

Capital O&M costa for oil and grease removal are represented
by the fo llowing equations

Capital Cost ( $ )  = (36.28 Q0~
713) 

2103

Annual O&M Cost ($/yr) = (0.31 9
0.824

) 
4.71

Costs taken from: “Development Document for the Effluent Limitations
Guidelines and Performance Standards — Canned and Preserved Fruits
and Vegetables Industry , SCS Engineers for Effluent Guidelines Division ,
Environmental Protection Agency, Washington DC , December 1974. 

•.

8 
Costs taken from : Smith , R., “Cost of Conventional and Advanced Treat-
ment of Wastewater,” JWPCF, 40, September 1968.
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S o f t e n i n g

Softening is pretreatment to reduce calcium carbonate hardness
and thereby enhance cascade potential between activities in which hard-

n ess is the p r imary  concern . Sof tening is assumed to be the convent~ona1
ion exchange process used for smaller flows .

Capital a~d O&M costs for softening are represented by the
fo l lowing  equations

Capital Cost ( $ )  = (5000 + 0 .02 Q) 
~j~3

Annual O&M Cost ($/yr) = (0.36 9) 
~~4l

Chemical Coagulation

Chemical coagulation is a special pretreatment process intended
to be used for BOD, COD , and SS removal at industrial sites discharging
very strong wastes. The process is basically one of dissolved air flota-
tion with chemical addition to enhance flocculation .

Capital and O&M ~8sts for chemical coagulation are represented
by the following equations

Capital Cost ( $ )  = (435.00 9
0.41

)

Annual O&M Cost ($/yr) = (16.24 + 57.93 
~~~~~~~~~~~~~ 471

Cost func tions calculated by contractor engineers .

10
Costs taken from: “Development Document for the Effluent Limitations
Guidelines and Performance Standards - Canned and Preserved Fruits
and Vegetables Industry , SCS Engineers for Ef f luen t  Guidelines Division ,
Environmental Protection Agency , Washington Dc, December 1974. 

. . . 
-
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MISCELLANEOUS COSTS

Piping

~ipiflg costs were based on $/day per ft length . Two equations
were used for this purpose; the first to calculate minimum diameter when
given flow in gph and maximum flow velocity in the pipe :

D ( in )  = (gph x 144 x 4/velocity x ri x 7.48 x 36O0)~

The second equation calculates cost, given the diameter:

Capital $ = (2.00 x D(in) x L (ft)) 2 103

The only allowance for potential bulk solids in water to be
piped is provided by the program in setting a minimum pipe diameter of
4 inches for all lines carrying material wastewater from activities.

Pumping

Costs for pumping are represented by the following equations
11
:

Capital Cost ($ ) = (204.43 ~~

0

~~

48
~ 2 103

• Annual O&M Cost ($/yr) = (5.23 90.766) 
~~~~

(Note: Q in gph)

Storage

Storage costs were based on calculations assuming a circular
steel tank, with 12 foot depth , and 1/4 inch walls.

11 
Capital costs taken from “Capital and Operating Costs of Pollution
Control Equipment Modules - Volume II - Data Manual ,” Off ice of
Research and Development , EPA-R5-73-023b , July 1973.

O&M costs taken from “Development Document for Effluent Limitations
Guidelines and Standards of Performance - Canned and Preserved
Fruits and Vegetables Industry ,” SCS Engineers for Environmental
Protection Agency , December 1974.
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The cost cal~~ lation involved two equations ; the first to
compute tank ujameters

D = ((gal. x 4’(7.48 x 12 x iifl~~

where :

D is the tank diameter in f t , and ga] ta nk capacity in
gallons :

and the second to calculate capital cost:

Cost ( $ )  (292.02 D + 6.08 D2) 2 103

In addition , a safety factor was applied to each actual
storage volume according to the following equation :

Additional Storage (gal) 50.0 x (Actual Max Storage ( g a l ) ) 0
~

7

Thus for small tanks (10,000 gallons) the required volume
was basically quadrupled for safety while a 1 mg tank was increased 79
percent .

Performance

Treatment performance efficiency data must be estimated and
included in the input base information. Table 20 shows the treatment
removal efficiencies assumed for this report for both regular treatment
at BTS’s and for special pretreatment at activities . In each case,
removals are specified for the entire chain not just the component (i.e.,
the carbon adsorption chain removals are for the complete tertiary chain
including filtration and secondary treatment). Base personnel are free
to use these values or substitute others.

Part of the Phase I program evaluates the effects of pretreat-
ment at activities. In order to determine which pretreatments are most
applicable , the program requires threshold concentrations over which it
assumes a certain pretreatment is warranted. Table 21 shows the values
assumed for the four special treatments: metal removal , sof tening , and
chemical coagulation. Minus ones (—l’s) indicate essentia lly that the
threshold is infinity for that constituent.

12 
Costs taken from communication with prominent national manufacturer.
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SECTION IV

COMPUTER SOFTWARE SYNOPSIS

INTRODUCTION

The primary objective of this project was the design of a cascade
water reuse computer program to aid in desijning wastewater reuse systems .
The program requires various input data and human decision-mi king to be
effective . The purpose of this section is to explain briefly :

1. flow the program works.

What quantitative input data is required from base personnel.

3. What output can be anticipated .

4. What decisions will have to be made by the base engineer.

Comprehensive cookbook type instructions for completing all required
input forms and data are supplied in CEEDO-TR-77—26, “User Manua l.”

The reader is cautioned that he should not expect to thoroughly
understand the computer program by a one-time reading of this section .
Several thousand man-hours of effort was expended to develop this sof t—
ware , and the average engineer will have to thorough ly review the
appendices and case studies before undertaking to work with the computer .
The rewards are great, however, because the computer can comparatively
analyze many potential alternate reuse systems in a few minutes. Results
which would take an engineer working manually many months to accomp lish .

THE COMPUTER SOFTWARE IN GENERAL

The cascade water reuse computer software was written in American
Standard Fortran IV and has been tested on the CDC 6600 computer and the
compiler at Kirtland Air Force Base , New Mexico.

Figure 5 shows the structure diagram for the entire program. The
figure delineates the interconnections between the main program and all
subroutines. A thorough study of CEEDO-TR-77-26 is required to fully
appreciate Figure 5.

The sof tware is divided into two separate phases. Phase I
(Activity Description) assimilates activity data supplied by the base
and prints out several forms for each activity showing flow patterns ,
effluent quality characteristics after various levels of treatment,
the effects of recommended pretreatment units, and cascade potential.
Output from Phase I is intended to assist the engineer .Ln selecting
f a sible activity cascade networks.
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Phase II (Network Feasibility) quickly evaluates any number of
potential networks selected . Output provides a comprehensive network
description including the requirements for piping , pumping , and storage
f ac i l i t i e s, the required removal e f f i c i enc ie s, type of treatment chains ,

and the estimated total cost of the entire cascade system . Continued
modification of the most cost effective cascade networks should lead to
selecting the most comprehensive , cost effective reuse system for the
base.

The following sections delineate in more detail the required input
and generated output data for both phases of the cascade reuse model .

PHASE I - ACTIVITY DESCRIPTION

Base Input

The major portion of the input to the first phase of the model
involves gathering and presenting in proper format all necessary informa—
tion on base activities:

For each activity , and for all water constituents of interest;
the

1. Source water flow into the activity (hourly if available).

2. Wastewater flow out of the activity (hourly if available).

3. Average constituent concentrations for the source water
into the activity .

4. Average constituent concentrations for the wastewater
flowing out of the activity .

5. Maximum acceptable contaminate concentrations for source
water into the activity .

Additional data required include :

1. Base fresh water source(s) quality.

2. Required final discharge(s) quality , i.e., the restric—
tions , if any, on the final discharge or discharges from the base to a
surface water , municipal system , or other final receiver of the wastc
discharge .

The following data may also be included as input if different
from the preprogrammed data :

1. Removal efficiencies of various pollutant constituents by
the treatment chains. For example , the engineer may choose to show a
90 percen t removal of BOD by secondary treatment.
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2. Removal efficiencies of various pollutant constituents
by pretreatment units. For example , the enqineer may stipulate chemical
coagulation pretreatment on some unit process that will achieve 50
percent BOD removal , 70 percent SS removal , etc .

3 . Threshold concentrations over which  the model w i l l  ass ign
special pretreatment units at activities.

Computer Model Output

Output from the Phase I program fully describes the activities
and possible cascade flows from activity to activity with varying degrees
of intervening treatment. A thorough discussion of this output is
presented in the User Manual.

For each activity the following information is provided (see
following pages for sample printout):

1. Cumulative and hourly flows including graphs. (Table 22).

2. Constituents in and out and degradation through use as
average concentrations in mg/l and loadings in lbs/day , and tolerable
source water concentrations . (Table 23).

3. Wastewater contaminant concentrations after treatment by
each regular treatment chain. (Table 24).

4. Wastewater contaminant concentrations after appropriate
pretreatment followed by each regular treatment chain. (Table 25).

5. A summary of the suitability of the activity wastewater
for reuse in other activities after  various levels of special and
regular treatment. (Tables 26 and 27).

At the end of Phase I , previous data is summarized in one
table showing acceptable cascades between activities at various levels
of treatment. This is shown in Table 28, where X’ s denote totally
acceptable quality for the cascade , and l’s and 2 ’s denote that one or
two constituents, respectively, are not acceptable whereas all the other
parameters are permissible.

PHASE II - NETWORK FEASIBILITY

Base Input

Phase II input involves appropriate cost data and representa-
tion of cascade networks to be analyzed .
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Cost data that must be provided includes the following :

1. Annual rate of lilterest.

2. Eng ineering News Record Construction Cost Index .

3. Engineering News Record Labor C~~~t Index .

4. Estimated life of the system .

5. Costs of regular or special tre~..tment units or chains.

- 

6. Cost per 1,000 gallons for each source water supply and
each final waste discharge to disposal.

With the aid of the Phase I output , the engineer should be
able to develop several feasible cascade networks. These networks must
be presented in proper format along with all estimated lengths of pipe
between activities and treatment facilities which are included in the
cascade network .

Figure 6 shows a typical schematic diagram of a network for
March AFB CA.

Model Output

For each network provided , this cascade program summarizes
flows and concentrations throughout the system , and finally lists all
related costs. Again , a detailed discussion of all Phase II printout
is presented in the User Manual.

At each BTS (Blending—Treatment—Storage) unit in a network
the program summarizes and graphs : flows through the BTS, storage
required , and make—up or discharge needed . In addition , required
constituent removals are listed as well as all concentrations into and
out of the BTS. Tables 29, 30, and 31 on the following pages display
these typical printouts .

Costs for each network are then summarized including :

1. Size , length , and cost of all pipes in the network.

2. Cost of storage and pumping for each BTS.

3. Costs and description of special treatment at activities
and regular treatment at each BTS.
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4. Total yearly cost for the cascade system including fr ;I

water purchase and final wastewator discharge costs.

(See Tables 32 through 36 for sample printouts.)

C
F 1.
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TABLE 31. CONCENTRATION THROUGH BTS 1 (MG/L)
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LCTI OJ V

CONCLUSIONS AND RIA OMMi,NDA’l’ ION.  -

1. The cascade water reuse computer model , develor ed Iu r i n q  t h i s
investigation is a useful rClanning tool for comparative analysis of
potential reuse systems at Air Force installations. The model ; C ) C )V L I I  S

a systematic methodology for organizing the - basic information r 1N C~ u i r I .1S

to evaluate the wastewater reuse potent ia l  at any base by 3r 10] ~‘.o i f l ;  t 1 1 1

tabulated data quickly to determine what jot- . C t  101 r e uSe  I Oy S t I C P O 5 r 0 j f l r ( t~
be f e a s ib l e .  The program requires  input  and i n t e rac t ion  s-i th  an eng i-
neer experienced in water and wastewater management. The model also
requir -u the service of an adequate computer f a c i l i t y . The model
input -output is designed , however , so the engineer and the computer can
be ~;eographically separated and work effectively.

Important outputs of the computer model are the quantity and quality
of supply water required by each activity , quantity and qual i ty  of
~-as te— water genrated by each ac t iv i ty, treatment level required for
reuse , storage requirements , results of blending of various wastewaters
and/or freshwater , pumping , pipeline transport , and estimated system
costs.

2. The computer model requires substantial data input describing the
individual base activities which are potential suppliers and/or users of
reclaimed water . The accui-aulation of this data input and processing of
the data into the computer program is estimated to require a minimum of
two to four man-weeks of effort. The program is most cost effective to
use, therefore , when it is anticipated that a significant number of
potential reuse systems will have to be compared during the planning
process in order to select the most cost effective system or systems.

3. Air Force bases which use large amounts of water for irrigation
and/or industrial type activities are prime candidates for comprehensive
cascade water reuse analysis. These include bases located in areas of
below average rainfall and bases which are Air Logistic Centers.

4. The technology of wastewater reuse requires knowledge in three
areas, i.e., (1) the pollutant constituents contained in the wastewater
generated by the contributing Air Force base activity or activities , (2)
the capability of available kinds of waste treatment processes to remove
the various pollutants contained in the wastewater generated , and (3)
limits of various pollutant concentrations which can be tolerated by *

the base activities being considered as recipients (users) of the
treated wastewater to be reused . In reviewing the state—of-the—art in
these three areas of knowledge , it was found that the first two, i.e.,
wastewater characteristics and treatment capabilities , are reasonably
well documented (or can be determined by sampling, technology transfer
techniques , etc.).

I
. 
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The third are j , m i x  mu~n i -eeptabi - p o ll  ‘P 0 1 1 1  limits for s’ipi - .iy  ‘ - C , l t I - r

to v a r i o u s  bus’ C act iv i t i e s , wOs found , howeve r , to be v i r t u a l ly -levoi d
of information. This is u1-I C rst - ,-I r I C j C i i ) T r  becauCCI- only i S O l . I t I - C I  in—process

industrial reuse ivetems ~r-~ - 0 - i r 0 )  u t i l i z e d . As a result of this data
shortage , it was neces ;orv for  the purposes ot ~ th i s  r~ -j , o r f  to estima f C

the acceptable water su r -p lv  q u a l i t y  c r i t e r i a  f r  V a r i o u s  1-ase a c ti v a tl l . - ;
from limited data.

5. ‘rhi~ reporL itself , exclusive of the cascade 1~~ ’ US e -  model , car
helpf u l  to base personnel  by provid ing  background da ta  on w a s t e - U , jt er
rouse .  Summarized he re in  is the best in fo rmat ion  ava i l ab le -  on the
i~astc-i- -uter characteristics of Air Force base activities a r d  e s t i m a t e s  of
max imum O c c e r C t a b l e  con taminant  levels for  supp ly water  to a c t i v i t i e s .

6. it is recommended that research be initiated to better determine
maximum contaminant concentrations for various Air Force activities
which are significant water users. As prcv ious~ y indicated (conclus ion
4),. this is an area that severely handicaps analysir of wastewater reuse
potential  at Air Force bases. Without comprehensive data on the maximum
acceptable contaminant levels for water supplied to major activities ,
cascade reuse programs must either ignore these activities or estimate
maximum contaminant levels acceptable to those activities .

The required research would likely follow two main avenues: (1) a
comprehensive literature search would be conducted to gather all perti-
nent existing information on private sector activities similar to Air
Force operations ; and (2) several key pilot reuse operations would be
developed for prime activities (aircraft washing, metal plating , power
plant cooling , etc.). Once major activity maximum acceptable water
contaminant levels are better defined , reuse operations could be more
ef f ec t i ve ly  implemented .

7. The cascade reuse model was utilized effectively in actual applica-
tion at Peterson AFB CO. A full—scale wastewater treatment/reuse
facility has been designed with the initial aid of the model output.
Aerated lagoons and slow sand filtration was the treatment system
selected to prepare the water for golf course irrigation.

8. Preliminary results from this report show that wastewater reuse can
provide cost savings over freshwater usage at bases with extensive irri-
gation or industrial water demands , potential water supply problems ,
and/o r high discharge fees.

75
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r INITIAL DISTRIBUTION

ADTC/CS 1 EQ ATC/DEPV 1
PDC -’TCA 2 FIQ ATC/SGPAP 1
}IQ AFSC/DL 2 HQ AAC/DEV 1
IIC AFSC/ SD 1 EQ AAC/SGB 1
HQ USAF/P REV 1 EQ AFLC/DEPV 1

EQ USAF/SGPA 1 EQ AFLC/SGB 1
CSAF/MIQ 1 US Army/CERL 1
OSAF/Ol 1 USA Envmtl  Hygn Agency/EMGMC-RD 1
AFIT/Library 1 Chief of R&D 1
AFIT/DE 1 USANB RDL 1
Federal Laboratory Program 1 USAWE S , Direc tor  1
EPA/ORD 1 CRREL, Director 1
USA Chief , R&D/EQ 1 Advanced Research Projects  Agency 1
USN Chief , R&D/EQ 1 Federal Aviation Administration 1
OEHL/CC 1 USANB RDL 2
AFCEC/DEV 1 Det 1 ADTC/ECC 1
USAFSAN/EDE 2 Det 1 ADTC/ECW
EQ AFISC 2
AUL/LSE 1
EQ USAFA/Library I
Det 1 ADTC/PRT 1
1 MSEW 1
OUSDR&E 1
USAFRCE/WR 1
USAFRCE/CR 1
USAFRCE/ER 1
Naval Air Propulsion Center 1
NCEL , Code 25111 1
NWC 1
NEPSS 1
EQ TAC/DE 1
HQ TAC/DEEV 1
EQ TAC/SGPA 1
EQ SAC/DEPA 1
EQ SAC/DEPV 1
EQ SAC/SGPA 1
HQ USAFE /DEPV 1
HQ USAFE/SG 1
EQ MAC/DEPM 1
EQ MAC/DEEE 1
EQ MAC/SGPE 1
EQ PACAF/DEMU 1
EQ PACAF/SGPE 1
EQ ADCOM/DEEV 1
EQ ADCOM/SGPA 1
HQ USAFSS/DEE 1
EQ USAFSS/DEMM 1

C 
HQ AFCS/DEEE 1
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