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Disclaimer

The findings in this report are not to be construed as an
official Department of the Army position, unless so designated by
other authorized documents.

Jisposition

Destroy this report when no longer needed. Do not return 1t
to the originator,
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EXECUTIVE SUMMARY

This report concerns the treatment and reuse of wastewater
at fixed Army installations. The objective was to provide a tool
that could be used by the Army in assessing the potential for
water reuse at all their fixed facilities; in isolating those
posts with the best reuse potential; and in evaluating conceptual
reuse schemes at those posts.

To achieve this objective, two paths were pursucd. First,
major Army activities involving water and wastewater were identi-
fied and described as to: water use and wastewater characteris-
tics, tolerable water quality if reclaimed water were to be used,
potential as a donor or recipient of reclaimed water, and the po-
tential for internal reuse at the activity. These data are
essential and form a basis for constructing feasible reuse net-
works.

Secondly, a water reuse evaluation model was developed.
This mode! involves three phases or tiers. Tier 1 is _ com-
prehensive questionnaire that allows 2 concise overall ev .uation
of the reuse potential of a post in a short amount of time.
Posts that score well on Tier | may then be evaluated under Tier
| This tier leads the evaluator through a deeper analysis of
reuse possibilities on the post, and ends with a brief economic
analysis of the fundamental reuse schemes selected for the post.
Should this analysis show reuse to be economically beneficial,
Tier IIl is applied. Tier IIl is a detailed survey that should
be used nnly at posts with proven reuse potential. Field data
from activity records and sampling, as well as conccptual reuse
networks, are used as input to a mathematical model that deter-
mines piping, pumping, storage, and treatment requirements, and
costs for the entire reuse system. At this point, the Army post
should be ready for full-scale engineering design of the most
effective reuse system.
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SECTION I

[NTRODUCTION

cascade water reuse cemputer program has been

d to afd base engineers in designing wastewater
stems. The pregram requires various input data
cision-making to be effective. The purpose of

s to explain in a comprehensive manner:

How the program works
hat quantitative input data is required

Specifically how the data must be prepared for
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SECTION I1I
THE COMPUTER PROGRAM IN GENERAL

The program 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 base engineer in selecting feasible activity cascade networks.

Phase I1 (Network Feasibility) evaluates the networks selected by base
personnel. Output provides a comprehensive network description including
the requirements for piping, pumping, storage, and treatment facilities, and
finally the total cost of the entire cascade system. Continued modification
of the most cost effective cascade networks should lead to an optimum reuse
system for the base.

Note that the program can be used to simulate hourly flows throughout
a day, or monthly flows throughout a year. The latter is important for bases
with large seasonal fluctuations in water use.




SECTION II1
THE COMPUTER PROGRAM IN DETAIL
The following sections delineate in complete detail the required input
and generated output data for both phases of the cascade program.

Phase 1 - Activity Description

For all parts of the program, input goes through two stages. Firstly,
base personnel complete standard engineering data forms. Secondly, the data
is transferred to computer forms from which the data deck can be punched
directly.

Base Input
Preparation of Standard Engineering Data Forms
The first task in using the cascade reuse program is to gather all required
base data. Forms O through XIII, described below and shown on the following
pages, are provided for this purpose. Once completed, these forms provide
all the information necessary to the program.

Note that there are duplicates for some forms. Select the form that
corresponds to the daily or yearly program, whichever is being used.




\i vy
SAMPLE
FO°M 0
BASE DESCRIPTIONM
Name of Base: March
Number of Activities: 12
Number of Constituents: 18
List of Activities List of Constituents
No Code(]) Mame No Code(z) tame
1 A/AWR Aircraft Wash Rack 1 800 800 ]
2 HQUSE Base Housing 2 coo coo ‘
3 80Q 80Q 3 PHANL Phenol
e QFF 0ffice/Admin. 4 SS $S
3 PHQOTO Photo Shop 5 T0S T0S
£ AHH Arnold Hts. Housing & 046 0il & Grease
7 GENIR General [rrigation 7 Cl Chloride
8 VWR Vehicle Wash Rack 8 HO3 Nitrate
3 CFFIR Office [rrigation 9 NH . Ammoniym
10 GOLF Golf Course 10 POa Phosphate
!'-rigation ! 11 Na SOdiUm
11 AHIRR Arnold Hts. . CaCO, Hardnass
[rrigation 113 8 8Boraon
12 HQS? Hospital P14 e Cyanide
15 Fe [ron
}
(1) Five letters/numbers or less (2) Five symbols or less
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FORM T T Activity Water/Wastewatar Summary

Form [ summarizes activity watar and wastewater quality
data: existing source water quality, tolerable source water
Quality, and existing final effluent concantrations.

Typical concentrations for tolerable source water and
effluent discharge are provided in Section [[ of the

main report. These values can be substituted for actual

base data if the latter is non-existant. However, it fs
important tc note that the success of the entire program
depends on the accuracy of the data. [f the tolerable

value of a constituent is not significant for that activity,
a minus one (-1) can be entered for that concentration.

This states in essence that any concentration is tolerable.

The sample Form [ provided shows a water/wastewater
suymmary for photographic processing. In this case, base data
for tolerable source water quality was not available so the
“typical" valuyes provided on the form ware used. B8oth source
water quality, which is quite high, and 2 moderate final
waste discharce with a 800 of 200 mg/1 are shown. Bease
data was avaflable for final effluent quality for all con-
stituents so it was not necessary to use “"typical” valuyes.
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FORM [ ~ Activity Water Demand and Wastewater Ganeration

Form [ summarizes activity water demand and wastewater
generation Flow information on an hourly basis for a typical
day. [f flow information is not available for all hours
of the day, at least one hourly flow should be entered.

Be sure to enter zero (Q) for hours of inactivity. The pro-
gram will interpolate whatever hourly data are providad to
obtain flows for all hours.

Alternatively, if the yeariy program is being used, then
water demand and wasteuater generation flow information for
each month of the year must be provided on the yearly form.
Note that flow units are in 1,000-gal per month for the yearly
program, and gallons per day for the daily progrem.

The sample Form II provided shows daily water demand and
wastewater generation data for an aircraft wash rack. As
shown, there is zero flow until 8:00 a.m. when washing com-
mences. Also there is some water loss in the washing opera-
tion, as seen by comparing the "water in" and "water out"
columns.

12




y: : SAMPLE
FORM [I
DAILY ACTIVITY WATER DEMAND AND WASTEWATER GENERATION
Base: Sample

Activity: Aircraft Washing

Volume
(gph)

Hours Water Wastewater
In Out

= Neolleje oo o}
oo ocooaoo

$,000 ¢,000
5,000 ¢,000
5,000 : 4,000
§,000 4,000

5,000 ¢,000
5,000 4,000
2,000 1,700

= O W0 o ~SITovun num—-o-omwo-mpur\_;—-o

NNN_‘—-‘—‘—A.‘.‘—.‘-‘—I-‘
OO0 O0O0O0OO0
OO0 O0O00O00o

~n o~
LR




SAMPLE

FORM II
YEARLY ACTIVITY WATER DEMAND AND WASTEWATER GENERATION
Base: Sample .

Activity: Aircraft Washing

Volume
(1,000 gal/mo)
Water Wastewater
Months In OQut
JAN 20 16
FEB 20 16
MAR 22 18
APR 25 ' 20
MAY 27 22
JUN 28 22
JUL 30 24
AUG 30 24
SEP 28 22
oCcT 25 20
NOV 20 16
DEC 20 16

14




FORM [II ~  Source Water Quality/Cost

Form [I[l is provided to summarize source water guality
for each major water source on the base. ''In addition, the
cost of procuring and/or treating these source waters is
addended. Two sources are shown in the sample with separate
qualities and costs. Scurces are designated by both a
number and a2 name of not more than five letters.

)
|
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SAMPLE
FoiRM T1I

* SOURCE WATER QUALITY/COST

Concentration (ma/l)

Sources
Name
{No.)
Constitusnt {1} (2) (3) (4) (5)
f Wells Lake
8Q0 8.1 0
coo 6.3 0.2
b 8.1 0
PHIL Q.01 0.01
TOS 300 600
NO3 S 15
|




FORM v = Efflyent Discharqe Requirements/Cost

Form IV is to be used for delineating regquired final
discharge concentrations for each major point of discharge
from the base. Costs assessed to this discharge (excluding
treatmant), such as sewer surcharges, eare alsc to be shown.
The sample form shows two discharges, one to 2 river, one
to the city sewer system,

Minue ones (-1) indicate infinity, or in essanca, that no
limit is required. Note also the difference in costs for
discharge; the river discharge being free of charge while
the flow going to the city is surcharged at a 30¢/1,000 gal
averages, Discharges are designated by both a number and a
name of not more than five letters.

17
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SAMPLE

FORM [V

FINAL EFFLUENT DISCHARGE REQUIREMENTS/COST

Concentration (mg/1)

Oischarges

Name
(No.)
Constituent (1) (2) (3) (4) (5)
River City
800 20 300
coo 50 S00
335 20 300
PHMNL 1.0 -1
TOS | -1 -1
NO, ; 30 -1
i
1 !
] !
. i
} |
i l
| |
p 1
' |
i
? |
| ?
! |
l !
i |
| l
f ;
1 !
i |
T l
| | | |
i f t '
el g el S J ! u Z
Cast: ¢/10C0 ga i 0 30 : "
1 | f
16
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FORM vV~ Special Treatment Removal Parcentage;

Form V summarizes removals achieved by the spacial
pretra2atment modules. Each constituent must be assigned
a removal percentage, even if it is zero. Special treat-
ments are designatad by both a number and a code name of
10 letter maximum length. The sample form designates
four special treatments: metal removal, o0il and grease
removal, softening, and chemical coagulation. The
engineer is free to choose his own pretreatment units and
removal efficiencies. He may also use those four provided
in the sample form.
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SAMPLE
FORM vV

SPECIAL TREATMEMT REMOVAL PEACENTAGES

Removal %
Chain
Name
(No.)
Constituent (1) (2) (3) [ (4) (5) (6) (N
Metal | 011 & %often7 Chem,
emayallireasa ing o)
800 20 25 0 ! 50
cco 20 30 0 i 50
PHNL 20 60 0 { 70
Ss 20 20 o | 130
T0S | 0 0 i e
036G ! 20 15 0 20
Cl i 0 0 0 0
NO, i 0 e g 1.9 :
NHg : Q C g -0
PO 0 0 0 85
MNa " 0 | 0 I 0 0 !
C2C0j i g 1 o {38 | @ |
3 T TR BN i S
cH §f 8 10 | o0 | o |
fe ‘ 3as A ; 0 : 0
| | | |
| vl e
i i | | _
i 3 ‘ ; i
3' | | |
[ ! l
| | | | | |
| | ! : !
i E ‘ | ;
’: | | ] ‘
ll | i ! | ¢
1 | '
I ; : | !
f - | l .
| | ! ! |
: ! r ! ', | |
i 3 | | . f
! ) | | |

2N

[P ey e A S e




FORM Y1 " Regular Treatment Removal Pe.:antaqss

Form VI provides the same information as Form Y for
the regular treatment chains. Note that removals are for
the entire chain, not specific units within the chain,
Again, base personnal are free to choose their own chains
and removal efficiencies or they can use those providad
in the sample form.

2
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SAM?LE
FORM V!

REGULAR TREATMENT REMOVAL PERCENTAGES

Removal %
Chain
Name
{No.)
i l ] 2 ; [ (&) 5 6 7)
LERSLTRURNL { % ) Sgcgn- isgla-ﬁaﬁbcn 333? (6 (
| Primaryl dary | tion ‘Ads. Qsmos.
800 30 35 94 | 99 100
coo i 30 80 g | 95 93
PHNL 30 75 75 | 92 92
5S l 70 85 98 {100 100
TOS g 0 | 0 20 20 1
046G R 85 l 35 97 !
1 | 0 0 o | o 80 |
404 i 0 o | o0 | 20 [
NHZ i @ | 95 | 95 100 |J1l00 |
204 { o | 20 | 8s 85 | 98 |
Na ¥ ¢ (. 8 ¢ 8 1.0 %15 |
CaC0, i e | A GRS ST G B S i
3 i 0 | 80 [ 80 | 80 | 95 | i
CH t 110 | 8 | 80 | 8¢ | 95 | |
Fa 1 10 60 | 60 | 0 | 96 ! ' .
i | i ! ! i |
i i ! 11 ]
i 4 ? J F i }
;l l ; ! | f |
i I | ! [ { |
E ~ i ! ! I
i ' ! ‘ | l
il | ! |
i | | | } | |
i | t ‘ : [
i | | 7 | I
! : | 2 ? ; ’
i ' | i ¢ ! :
il { f i ! i
i | | : . !
t ' | : | |
i | | ‘ - |
! | |




FORM VI Special Treatment Chain Threshold Concentratioas

Form Y1l provides data utilized in Phase [ of the
program only. Ffor each special treatment, threshold concen-
trations for all constituents must be provided. In each
case, an activity will be assigned the appropriate pre-
treatment i7F any of its raw wastewater concantrations are
higher than one of the threshold concentrations. For
example, assume an oil and grease threshald of 500 mg/1
is assigned for the oil-and-grease-removal treatment module.
Then for any activity generating a waste in excess of
SO0 mg/1 ofl and grease, the computer will not only provide
the typical Phase [ summary for that activity but will also
provide 2 similar summary assuming grease and cil pretreatmant
at the activity. [n this way, base personnel can review the
Phase [ output to determine the benefits of activity
pretraatment., MNote that for constituents that are not appli-
cable to certain pretreatmants, i.e., TOS in grease and
oil removal, a minus one should be entered, which basically
sets the thresnold concentrations at infinfty. Bease
personnel are freea to use the valyes provided on the sample
form or ones of their own choosing.

23
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FORM VIII Cost Data/Piping Data

Form VIII! provides necessary cost factors and indices
as well as data on piping. The form is self-explanatory.
Values shown in the sample form were those used by SCS
Engineers during program testing. Naturally, the cost
indices will change with time,.

25




SAMI'LE
FORM VI

COST DATA

Rate of interest: 10 ¢

Current Engineering Naws Record Construction Cost

Index: 2,103

Current Engineering News Record Labor Cost

[ndax: 4.7
Estimated Equipment Life: 25 years

PIPING DATA

“Maximum flow velocity in pressure pipes:
5 ft/sec
Maximum flow velocity in gravity flow pipes:

5 ft/sec

Number of possible pins sizes: 12
List of pipe sizes: 1, 2, 3, ¢4, 6, 8, 10, 12, 15,

18,

)

4, 36

26




FORM [X ~  Special Treatment Chain Cos*s

Form [X summarizes the cost coefficients used to cost
special treatments. Capital and O & M cost coefficients
are taken from the cost equations delineated in the main
report. These equations are all of the form:

I
§ = A + B8Q¢
( Q¢) s
Wnere:

A = fixed cost (S$)
B8 = wunit cost (S/gpd)
¢ = . scale factor
Q = flow (gpd)
[ = current Engineering News Record

' cost index
[' = January 1975 Engineering News Record
cost index

[t is imperative that all cost coefficients used as
input data be represented as January 1875 dollars. The pro-
gram will automatically uypdata all costs far years foljowing
1975 according to tha current indices previously supplied.

Again, b
provided on t
curves and eq
equations i
1975 dallar

se personnel are free to use the coaffi
e sample form, or to generate thair
uations. Care must be taken to repre
he standard A + 8QC€ form and $o uada

[t is important to note that .the coefficients for
each ccmponent of a multi-ynit treatment chain (i.e., metal
removal followed by chemical coagulation) must be iistad

separately.

27
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FORM X " Reqular Treatment Chain Costs

Form X provides the same data as Form IX for all regular
treatment chains. Note that component coefficients are
listed separately, i.e., the carben adsorption chain shows

coefficients for secondary, filtration, and carbon adsorp-
tion.
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FORM X1 ~  Cascade MNatwork Diagram

Form X[ is provided for each cascade network diagram.
As described in Section [V of the main report, “Program Synop-
sis,” this diagram must include all activities, BTS's, spe-
cified activity pretreatments (optional), specifiad treatmant
at BTS's (optional), all 8TS maka-up and discharge lines,
and also the lengths of all piping. To eliminate the costs
for existing piping, assign all existing pipes a zero length.
A sample network is providad.
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FORM XII ~ Activity Pretreatment

Form XII delineates all activity pretreatments
specifiad by base personnel. For all networks, each
activity must be designated either a zero (meaning no
pretreatment) or the number of the pretreatment desired.
As shown in the sample, the aircraft wash rack (A/AWR)
has been assigned chemical coagulation pretreatment,and
the photo shop metal-removal pratreatmant for some of the
natworks.
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SAMPLE
FORM X[

ACTIVITY PRETREATMENT
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FOQM XII!° Soeci

iad Reqular Traatmant at BTS's

FC'm XIII is provided so that base parsonneal
fully delineate any treatment they desire 2t a 8T
Three options exist in regards to treatment at a

may

8.
8TS:

1. The engineer specifies nothing nd allows the
program to compute required constituent removal
percentages and select the _::rcar‘a:e treatment
chain,

2. The enginear spaecifies a treatment chain. The
program then proceeds to compare the removals
provided by that chain with those required. [f th=
specified chain can produce a satisfactory
effluent in all constituent categories, then that
chain is ysed. [f, however, one or more of the
contaminants are not satisfactorily removed,
the program will assign a moraz advanced treatmant
chain to that BTS.

3. The engineer specifies removal percentages for
each constituant Again, th2 praogram will compare
specified and required removals, selact the larger
1n each case, and choose the appropriate
treatment to meet thos ~amcvals., As shown in
the sample form, space is preovided for specifving
individual constituent removals or whole traat-
ment chain a2t a B8BTS
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FORM XTV B8TS Make-Up Water Treatment

Each 8TS in a network requires a make-up water line
in the event that additional water is needed to meet de-
mand. The option exists of having this make-up water
blended and treated with the rest of the influent to the
8TS or of having the make-up by-pass treatment and be blended
directly with the treated B87S effluent. [n most cases, high
quality make-up (usually the potable supoly) will ba used,
in wnich case blending should occur after treatment.
However, if poor quality water, from another 37S for examole,
is used as make-up, it may be advantageous to have it treatad
at the BTS it is supplying. The sample form shows instanm-
ces of the latter circumsteance. Mote that each BTS must be
accounted for. 3




FORM X[V

8BTS MAKE-UP WATER TREATMENT

Natwork 8TS Make-Up () Ne twork BTS Make-Up
No. No. Treatment! )' No. Mo. Treatmans(1)
1 1 F
2 F
3 F

2 T
3 F
4 37
|
, 3 1 F !
I : - |
3 T f
F
e 1 F i
2 F |
3 P ‘
4 F
3 T
H i
|
]
|
‘
i\
T - Make-up treatad at 375 after dDlending with influent,
* « Untreated make-yp biandad with 375 e lyent
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Preparacion of Computer Forms

The following sections describe the translation of
all data from the engineering forms to the computer forms
that will be us2d to punch the data deck. In each case,
sample pages are provided for illustration. It is highly
uniikely that all lines and pages will ba ysed. Unused
lines and pages may be left blank.

Mote that throughout the computer form deck, all numbers are
right justified in the field and that all words or letter
codes are left justified.

Phase |

previously discussed, Phasa [ inpuyt provides genaral
2, activity descriptions, source water gualities,
e requirements, etc.

tion describes in d
tien from the enginee

-
.~

il the transfer-

ata
ring forms to the

ring of
computler forms,

Remember to use the appropriate forms for the daily or
yearly program, whichever is being used. Again, note that
flows for the yearly program are expressed in units of 1,000-
gal per month,
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Outﬁbt

Qutput from the Phase | Program fully describes the
activities and possible cascade arcs.

The tables on the following pages are exemples of
the information provided.

Table 1 shows a summary of the hourly and cumulative
flows into and out of each activity. I[n addition, graphs
of these flows are provided. The aircraft wash rack
shown here, used cnly 3,000 gal per day to wesh one or two
planes in the middle of the day. Some water was lost of
evaporation and runoif as only 2,400 gal wes discharged.

Tabla 2 provides a water-quality summary for each
activity., The following information is shown:

= Tolerable source water concantrations, The aircraft
- wash rack, for example, is estimatad to ba able
to accept water with BOD and SS of 20 mg/1l.

“. Actual concentrations into the activity.

Actual concentrations out of the activity.

ntity of contaminants into and ou
ivity, and degradation in 1bs/dey.

Table 3 delineates activity wastewater concantrations
after various lavels of treatment; none, primarv, secondary,
and three tertiary systams are shown in the exampgle. As
can be seen, this wash rack discharged a very strong waste
that had a significant COD concentration (337 mg/1) aven
after carbon adsorpticn tartiary treatment. The treatment
chafns shown in Table 3 are additive, i{.s,, tha cardon
adsorplion haading represants carbon adsorpticn added on
to filtration and secaondary treatment,

Table 4 shows the same type of data as Tadle 3 excapt,
in this case, the program has assigned chemical ccaguiation
pretreatment to the afrcraft wash rack wastewater which
then proceeds through the other reguliar treatment cha2ins,
ect of the pretreatment 2lone can 5e gaugad dy
cemparing the "none' columns (nc reguiar treatment) on
i J ang ¢,
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As shown, chemical coagulation is specified as removing
50 percent of the BOD and CO00 and 70 percent of the suspendad
solfids. The program assigns these pretreatments to activi-
ties whenever the raw discharge excaeds one of the pre-
treatment threshold concentrations designatasd by base
personnel. Table 4 aids in determining the feasibility
of activity pretreatment.

Table S summarizes the suitability of each activity
effluent for reuse in other activities. The accepta-
bility of each constituant for rause after various levels
of treatment is shown. This table aids the enginear in
isolating troublesome contaminants and evaluating the effect
; of treatment on contaminent removal.

As shown in the example, under each treatment option,
all base activity codes are listed vertically. An "X"
: means that the constftuent is acceptable for reuse in the
: ctivity it falls under after going through the treatment
dasignated. For example, looking at NO;, it can be seen

acceptabla for reuse in all activi
Moving across the NC, now, one not
removead
adsorpti
rause re
under on
table for cascade &t

ut the photo shop.
hat N0, is sufficiently
after the carbon

that the raw discharge from the aircraf: wash rack is

or use in pAoto processing
n chain. 3 i

i1 £
ardiess 0Oi

milarly, CO

-
reatment, An "X fTor
a + o
- “ -

acceptable for
every constituent
fluent is accep-

) G

B cr =~

- -, .-
ans th \

19
o |

vt

activity m =
-~ -
0 ¢

<

[

< vy

i

3
2
that ac

For activities assigned pretreatrent ({.e.,, chemical
coagulation a2t the aircraft wash rack), a table similar to
Table S is provided that assumes pretreatment is operative
at the activity. This table allows engineers to easily eval-
uate the Teasibility of pretreatment 2t an activity and
its ability %o enhance the quality of effluent for reuse
As shown iy Table 5, the afrcraft wash rack with chamica)
coagulation is now discharging acceptadble water for reuse
in several other activities aftar reverse osmosis (an

A unlikely eveat but orne that shows the value of the table)

Table 7 {s the key Phase { output table that condanses
the output providad into one base summary table showing
acceptable cascades between activities on the basa.
Activities are Jisted with pretreatment, if applicable
An "AX" mez2ns that the effluent from the activity in that
row is acceptable for cascade to the activity in the column,
after tha treatment designated

A number "1" instead of ar “X" indicatas; thzt cn'y 0n2
constituesnt in the wastawaler was not acceptabls; 2 "2°
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means similarly that two constituents were over tolerable
limits for cascade.

As shown in the sample table, the hase housing efflyent
(“HOUSE") is acceptable for reuses after secondary treatment
in all irrigational activities: general irrigation (GENIR),
office area irrigation (OFFIR), golf course irrigation
(GOLF), and Arnold He.ghts housing irrigation (AH[RR). The
photo shop wastewater i1s acceptable for reuse as irrigation
water after filtration tertiary treatment except for one
constituant which proved to be cyanide.

This table should aid greatly in locating feasibla
cascades and pretreatments of most potential, as well as
pinpointing cascades hindered by just one or two troublesome
contaminants. Review of these individual activity summaries
may sheow that the problem constituent can bde eliminated
er treatad somehow to achieve an acceptable water for cascade.
) These tables as output from Phase [ should be valuadle

in helping basa personnal construct feasible cascade reuse
network -diagrams.
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Phase [I 7°

8ase Input

Phase ‘Il input involves the representation of cascade
networks to be analyzed and the specification of appropriate
cost data.

Cost data that must be provided include the following:

4 0 ® w r v

S

3

x

3

r "

Rate of interest (%)

ENR Construction Cost Index

ENR Labor Cost [ndex

Life of the system (yrs)

Costs of regular and special treatment units or
chains

Costs of piping, pumping, and storage

Cost per 1,000 gal for water supply and discharge

With the aid of tha Phase [ output, base personnel
e able to develop feas'dle cascacde rnetworks. These
have to be prasented proper format 2long with
ths and possible sizes of pipe not already cxisting
ystea,
most difficult part of date representation is the
network itself The first step for base personnel is
flow diagrams of possible networks similar to the one
Figure 1 on the following pags
hown, the network includes two types of units:
s (base housing, vehicle wash rack, etc.), and
ending-Treatment-Storage Units)., The 87S's are
of the network and full understanding of their
t and function is abscliutely necessary.
s are to be placed between any two connected
es, detlween activities and sources, end between
as and discharges They serve as focal pofnts for
calculations of flow, storage, concentrztions,
t, and costs. Each BTS has a make-up l1fine and an
in discharge lines. Figure 2 shows a blown-
of a B8TS and its simplification into 2 one-square
Addition of makeup water can occur before or
satmnent as specifiad by the engineer., A complete
ton of the mathematics involved with blending,
s;a”;e. gverflow, and make-up arg discussec
dix a
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FIGURE 2
ks 8BTS UNIT i
(8lending - Treatment - Storage)
Activity\: ______ e AR i i == Activity
| {81end Treat 8land Store ! Stora
R iyt ]

To be Treated
Make-up
Not Treated

Qverfiow

e
8BTS e

E
Qverflow ;

Make-u2

" The network displayad in Figure 1 includes a total of
12 sctivities:

No. Code Name
i A/AWR Aircraft/ags wash rack
z HQUSE Main base housing
3 00 Bachelor officers' quarters
- OFF Office/administration
5 PHOTO Photograpnic prccessing
6 AHH Arnold Hts. housing
7 GENIR General grounds irrigation
) VWR Vehicle wash rack
¢ OFFIR Office/adm. grounds irrigation
10 GOLF Golf course irrigation
11 AMI2R Arnold Hts, irrigation
12 KOSP Haospital
Also shown are the four B8TS's, ecch with a make-up
line and overflow or discharge. In actuaiity, Source 1
fs Colorado River water with B8TS 2 being the existing water
treatment plant. Source 2 is well water with 875 1 just
a frasnh water storaga facility. B8T7S's 2 and & are the two
exfsting bdase sewage treatment polants. The main Surpose
of this network was to test the feasibility of tztal effluent
reuse Ffor irrigation.
Piging lengths have Seen shown faor new pinas. 21}
other iines are assumed to be sxisting cr aon-func:fonai,
2nd were assigned 0 length

ro——— e




“[t is important that all piping be given a length, even if
£ 1Is zera,

In summary, the network diagram should include:

. All activities, including their numbers. (Activi-
ties are assigned numbers according to the sequance
in which activity data is presantad in Phase [.)

. All sources and discharges and their numbers.

. B8TS's between any connected activities, between all
sources and activities, and all discharges and acti-
vities. Water into and out of activities must flow
to or from a BTS except in the case of a total sink
activity (i.e., golf course irrigation).

. A make-up line from a source or 87S to each BTS.

An overflew or discharge from each B8TS. (Note:
One occurrence must be avoided--closed loops com-
prised of source and discharge lines between BTS's.
"A check to avoid this occurrence is to reverse the
flow direction of all source lines to 8TS's on the
natwork diagram and to look for any closed loops
comprised of BTS discharge lines and the revérse
flow B8BTS source lines. See Figure 3 for examples

of permissible and non-permissidble lgops.)
A1l pipe lengths in the system. Zero length can
be specified for existing lines.

Proper translation of this network to a tadular format
+ readadle by the machine is described and illustrated in
the following sections. Specific instructions follow for
filling out all Phase [I input forms. 1In each case, sample
forms are provided for illustration.
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Qutout

For each network provided by the user, Phase II
of the program produces a tabular network description and
summarizes flows, concentrations, storage, and
treatment at each 8TS. All costs associated with the
reuse system including water purchase and discharge faas
are clearly delineated and ultimately summarized on an
annual basis to yield a total yearly cost for reuse.
A description of the Phase [[ printout follows.

The first page of outout dascribes the network to be
evalyatad. Table B8, provided here,describes the sample
cascade petwork previously shown in Fiqure 1. As can be
seen, the network summary centers around a description of
the flows into and out of each BTS unit. B8BTS 3, for example,
shows the following:

Source watar (if neadad) is drawn from source

No. 2 - Wells. This source water or make-up is

not treated at the 8TS but blended with the effluent
-as designated by the word "UNTREATED."

- - Overflow from B8BTS 3 (if needad ) goes to discharge
No. 1 - DISCH.

« Activities disc .a";: g into BTS 3 are No. 12 -
hospftal, No. 1 - aircraft washing, HNo. 2 - base
housing, No. 3 - 800, No. & - office/adminis-
tration, Ko. S - photc processing, and lo. 8 -
vehicle wash rack. 1In addition, the BTS' s suoc1y1ng
water to each of these activities are liste
adjacent to the activity.

. Activities that receive water from 87S 3 are listad
under the "QUT" heading: No. 8 - vehicle wash
rack, No. 7 - general irrigatfon, and No. 9 -
office/administration irrigation.

The table also marks all recve
nated by the word "RECYCLE" ne
wash rack undar 8T7S 3.

e 1ooos as desig-
t to the vehicle

Table ¢ summarizes all flow information for esacn 8TS
in the network. As shown, the following flow datae is
provided:

. Hourly anc cumyletive flows into and ocut of the
8TS

-
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. Modified flows into or out of the BTS due to the
effects of storage or make-up

. Minimum storags capacity and required capacity to
provide a safety factor

. Required hourly make-up water if necessary

. Graphs of the above

In the example shown here, no storage was required,

but make-up was needed as can be seen by the hcourly flows
under the last column,

Table 10 delineates source water usage on an hourly
basis for a typical day. The "SUMMARY" section on the
left side of the table gives a comparison of water usage
for a once-through network with no resuse versus the cascade
network and displays the water saved by reuse. On the right

sida of the table, hourly water drawn from each source is
listed.

-Table 11 supolies the same information as Table 9 for
final effluent discharged from the base. Again, 2 compari-
son is made betwean a once-through and the cescade system.

Table 12 summarizes the following for each BTS in a
natwork:

. Remgval percentages specified by basea personnel.
As previcusly discussad, removals may te specifiec
either by designating a treatment chain to be
usad at a B8BTS, or individual-constituent removals.

Actual removals uysed at the 83TS to mest all
tolerable requirements. [f removals are specified
tn the first column, the program will compare these
percentages with those calculatad as necessary
and slace the higher one in column two i{n each case.
Tha most-stringent tolerable concentration required 1
in the 87S effluent for e2ach constituent. 4
This tadle {s valuadble in that it shows in concise
form the degree of treatment necessary at each 87S. From this
tadblia, bas2 personnel can isolate those constituents
farcing higher levels of treatment and investigate
activity oretreatiment options tc reduce 2 critical contami-
nant ard perhaps lower the level of BTS treatment.
-
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TabTe 13 shows an hourly summary of the concentration
of each constituent as it enters the B8BTS, as it exits
BTS treatment, and as it is finally discharged from BTS
storage. In this way, the hourly fluctuations and ef-
fects of peak loads on regquired treatment can more easily '
be evaluatead.

Table 14 summarizes piping specifications and costs
for the cascade reuse system. For each activity, the size,
length, and cost of each pipe into and out of the activity
is shown. [In addition, similar data for make-up to and
overflow from B87S's is listed,

Table 15 summarizes size and cost of all required
storage facilities and pumps. Storage tank size includes
the safety factor discussed in Section [[[ of the main report.

Table 16 summarizes special pretreatment costs at
activities and regular treatment chain costs at 87S's. .
As shown in the example, no activity pretreatment was spe-
cified and the program selected the carbon adsorption chain i
for 875:3 and the secondary treatment chain for BTS 4
2s being the least expensive traatment to meet 2all requirements.
Costs are summarized on both a total capital and yearly
0 & M basis.

Table 17 summarizes costs for procurement and treat-
ment of source water for each major source on the base,
and also the ccsts associated with each final discharge
from the base (excluding trestment).
bie 18 shows the major total system cos: summary.

Table
Firstly, caoital costs for piping, pumping, s:orage, regular
S

treatment, and special pretreatment are listed and totaled.
These capital costs are then translated into annual costs
by applying the capital recovery factor that utilizes the
cost information supolied by base personnel on {nterest

rates and aquipment life. Annua) capital and O & M costs

are added to source water and discharge costs previously
summarizad to provide a total vearly cost for the entire
cascade neltwork, This cost can be used to compare the
benefits and cost effectiveness of differant cascade networks.

As can be sasen in the example provided, 2nother heading

labeled "EXISTING FACILITIES COST" fs also provided. a
the case where gportions of the cascade network are already
existing (i.e., source water pumps, secondary sewage |

treatment plants, etc.), the costs for facilities can be
listed and subdbtra from the cost summary to cb:z2in
cascade rayse systam., Many Dases

22




have some type of central wastawater treatment. In the
case where the program calls for a more advanced trz2atment
chain than that existing, only the cost of upgrading should

be assigned to the reuse system and listed under "NET
COsST .
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SECTION TV
BLANK OATA QECKS

This section includes a copy of each of the engineering
forms tnat will be needed and alsc an entire blank computer
form booklet, that contains at least one of every page
needed. ' 2

[t is extremely unlikely that all pages and lines of
the computer form deck will be used. The data booklet
is provided to accept the maximum amount of data that the
program can handle. A typical network will use roughly
one-third to one-half of the available deck provided here.
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FORM 0
BASE DESCRIPTION

Name of Base:
Number of Activities:

Number of Constituents:

List of Activities List of Canstituents

Mao. Code MHame NO. Coda Nama
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FORM I
DAILY ACTIVITY WATER DEMAND AND WASTEWATER GENERATION

8ase:

Activity:

Volume
(gph)

Hours Water Vastewater
In Qut
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FORM [I
YEARLY ACTIVITY WATER DEMAND AND WASTEWATER GENERATION

Base:

Activity:

Volume
(1,000 gal/mo)

Water Wastewater
Months In Qut




FORM [I!
SOURCE WATER QUALITY/COST

Constityuent

Concentration (ma/1)

Sources
Name

(No.)

(1) (2) (3) (&)

(s)
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FORM IV
FINAL EFFLUENT OISCHARGE REZQUIREMENTS/COST

Cencentration (mg/1)
Disﬁharges
am
(No .,
Constituent m (2) (3) (4) (S)

e et s

|
|
4
: i
) {
i l
| %
i |
| l
n
|
?
t i
i l
. |
| |
!
|
Cost: ¢/71000 gal i !
| o ’
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FORM V

SPECIAL TREATMENT REMOVAL PERCENTAGES

Removal %
Chain
Name
(No.)
Constituent (1) (2) (3) (%) (5) (6)
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-

REGULAR TREATMENT REMOVAL PERCENTAGES

FORM VI

Constituent

Removal %

Chain
Name

(No.)

(1)

(2)

(3)

(4)

(s)

(6)

(7)

—t————

b\ o e o
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SPECIAL

FORM VII

TREATMENT CHAIN THRESHOLO CONCENTRATIQHNS

Concentration (mqg/1)

Chain
Name

(No.)

Constituent

(1)

(2)

(3)

(4)

(s)

(6)

(7)




FORM VITII
COST DATA

Rate of interest: _ %

Current Engineering News Record Construction Cost
Index:

Current Engineering News Record Labor Cost

Index:

Estimated Equipment Life: years

PIPING DATA

Maximum flow velocity in pressure pipes:
ft/sec

Maximum flow velocity in gravity flow pipes:
ft/sec

Number of possible pipe sizas:

List of pipe sizes:

m
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£ 1-5-5.5
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FORM XII
Network

Pretreatment No.

ACTIVITY PRETREATMENT

™
o~

S UR—— _ - 4
—

Activities
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] FORM XIV

8TS MAKE-UP WATER TREATMENT

t | i ¥
Network | B8T; | Make-Up”)Fl Network |  8TS | Make-Up

No. i No. | Treatment No. ; No. | Treatment(!)

—
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U.S. AIR FORCE

CASCADE WATER 7

COMPYTER

£0am

BOOKXLET
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