
r *n—A 042 629 CONSTRUCTION EMV€ERDIG RESEARCH LAO AflT) CHAPeAX—cTC F/s t3n N
RECOMMENDED DESIGN CRITERIA FOR WASTEWATER TREATMENT AT PR090SE——ETC(tj )
Jt 77 1. J BtNSON, M ST*t*. N F I L E CC I A

F UNCLASSIFIED aRL—ZRWP 26 NI

_ 1

_ __U!! Eflr I _I 1

_ I
I I

p



II~ i.c •

~~~

‘

II 
~_______________________ 8

~I.25 ~~~



construction
engineering
research
laboratory 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~ RECOMMENDED DESIGN CRITERIA FOR WASTEWAT ER
TREATMENT AT PROPOSEE) CONSOLIDATED TACTICAL

VEHICLE WASH FACILITY , FORT DRUM , NY

C

by

— — 
L. .1. I~t~fl~.Ofl

— . 

- ~~ ~~ta Ut)

- 
IL Fileccia

.1. \lathcrly

.c) 
.-‘

_

‘.~ - 
-

-: 
— 

—

> 

d 
-

U UU III

WM
~2RL

~
p pi ~ ,vcd i puh luc elcase . dist rib Ut ion unli nnted

—
~
—

~~~~~~~-
—

~~~~~
—- — - .~ ---~~~~- - ~~~~~~~~ -:-—~~~

. — 
~~~~~~~~~~~~~

—— 
_ _ _



The contents of this report are not to be used for advertising, publication , or
promotiona l purposes. Citation of trade names does not constitute an
off icial indorsement or approval of the use of such commercial products
The findings of this report are not to be construed as an official Department
of t he Army position, unless so designated by other authorized documents.

—~~~

DESTROY THIS REPORT WHEN ITIS NO LONGER NEEDED
DO NOTRE TURN IT TO THE ORIGIN.4 TOR

~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
- - —



~ECURI1 V CLAS S I P - I L A  ON 01’ IllS PAGE ( 1’00n Oil. rn,o,soj

REPA RT DOCSIUEkJTATIAKI PA(’ E READ INSTRUCTIONS
urn l~ ~‘ l’~l BEFORE COMPLETING FORM

REPORT NUMBER 2. GOVT ACC ESSION NO. 3 RECIPIENT’ S C A T A L O G  NUMBER

—
INT E RI M REPORT N -2 6 _____________________________

4. T I T L E  (rnd SubtItls) 

~~~~~ 
( ? 

5 TYPE OF REPORT A PERIOD COVERED

- RECOMMEND ED DES IGN CRITERIA FOR WASTEWATER 
~~~~~~~~~ 

INTERIM
~~

‘ ;TREATMENT AT PROPOSED CONSOL IDATED TACTICAL L ‘~~—VEHICLE .WASH FACILITY , FORT DRUM , NY. 
PE RFOR M I N G  ORG. REPORT N U M B E R

7. Aij T Ij~~~j.) 
— 

~~~~~_-— 8. C O N T R A C T  OR G R A N T  NUMB ER(S)

), L.~?Benson~ — J . . Mather ly
‘_.4 M . /Staub / ~ lAO NYD 76-140(M)

R.jFilecc ia ~~~~ —~~ _____________________________
1 PE1~~ ORmW~~ OR G A N I Z A T ION  NAM E AND ADDRESS 10. P R O G R A M  E L E M E N T , PROJECT . T A SK

A R E A  & WORK UNIT N U M B E R S

CONSTRUCTION ENGINEE RING RESEARCH LABORATORY
P .O . Box 4005
Cham paig n , Ill i no i s 61820 ____________________________

II CONTROLL ING OFFICE NAME AND ADDRESS ,~~~~
“ 12. REP~~~~~~~~ .I&

U.S. Army Eng i neer District , New York ( I /A  ~~~ ~~77 I —26 Fe dera l Plaza “.—‘~~~~
‘ 15. N U M B E R O F  P A G E S

New Yor k , NY 10007 65
ti MONITORING AGENCY NAME & ADD RESS(I( ditf.r.,~ frob, Co,,Irotllnd OWco) IS. SECURITY C L A S S . (of this r.port)

UNCLASSIFIED
_—-— f~ 

IS.. DECLAS SI FI CA T I O N / O O W N G R A D I N G
- 

SCHEDULE

16 DISTRIBUTION S T A T E M E N T  (of this R .port) 
-___________

Approved for public release; d~~~~i uti o n unl im i ted

17 D ISTR IBUT i ON ~-ATEM ;p4 T (of Ui. .:.trac ; .nt.r.d In Block 20, if df lf.rrnt from R.port)

18. S UPPLEMENTARY NOTES

Copies are obtainab le from National Technical Information Service ,
Springfield , VA 22151

‘~‘~“ 19. KEY WORDS (Contlnu. on ,sv•,s• .id. If n.c...ary id I~ .ntIfy by block numb.r)

was tewater treatment
centralize d vehicle washing
in termittent sand filters

20. A~~~T11IAC’r (V~~f~~ t .svSrSs .kà N ~~~~~~~~~ 
d Idsmf if~ by block niaub.r)

-~~~~~ Tracked vehicle washrack discharges were surveyed at Fort Drum , NY ,
to determine design criteria for wastewater treatment at a proposed
consol i dated tactical vehicle wash facility . These design criteria
inclu de recomended sizing of the various treatment components as
indicated by the characteristics of the wastewater analyzed during the
study . Wastewater treatment components include a sedimentation basin
equ i pped for mechanical free oil removal followed by a flow equalization
basin and Intermittent sand filtration . ~~

—
~
-

DO 
~~~~~~~~ 

1473 EOIT;ON OF I NOV~~~~IS OSSOLETE UNCLAS SIFIED

- ~ ... ~~~~~~~~ 
SE URITY CL ASS FIC ATIOR OF TNI3 PAGE (ø~.~~Dst. Bnt~ r .d)



FOREWORD

This study was conducted for the New York District , U .S. Army Corps
of En gi neers , under In tra-Army Order NYD 76-140(M) by the Environmental
Eng ineering Team (ENE), Environmental Division (EN) of the U.S. Army
Construction Engineering Research Laboratory (CERL).

Valuable contri butions of S. Kloster , V . S ingh , A . Ostrofsky , and
H. Becker of CERL , and the assistance of H . Hager , Ch ief of Utilities ,
Fort Drum , are acknowl edged . Mr. W. J. Mi kucki is Chief of ENE , and Dr.
R . K. Jam is Chief of EN. COL J. E. Hays is Commander and Director of
CERL , and Dr . L. R. Shaffer is Technical Director.
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RECOMMENDED DESI GN CRITERIA FUR
WASTEWATER TREATMENT AT PROPO SED
CONSOLIDATED TACTiCAL VEHICLE WA SH
FACILITY , FORT DRUM , NY

1 INTRODUCTION

9 round

During the summer of 1976 , the U.S. Army Construction Engineering
Resear ch Laboratory (CERL) conducted a comprehensive study on improv-
ing treatment facilities for wastewaters produced by Army vehicle
washing operations at Fort Drum , NY. The large volume of potable
water used for this operation and the characteristics of the waste-
water produced subject these discharges to Federal regulation. The
U.S . Env i ron men tal Pro tec ti on Agency (USEPA) issued a National Pollu-
tion Discharge Elimination System (NPDES) discharge permit to Fort
Drum which required both immediate monitoring and eventual treatment
of washrack wastewater discharges. (Appendix A provides details about
the USEPA permit requirements.)

To effect compliance with these requ~r~ments and to im~rov e Arm y
vehicle washing operations , CERL surve yed For t Drum in 1975 an d re-
commended construction of a new centralized wash facility . Recommend-
ations from this study were based on a coriparison of effective up-
grading of existing facilities versus construction of new facilities
that would meet USEPA permit requirements . (Appendix B contains a
genera l descr ipti on an d an operational schema ti c of the pro posed
fac ility.) The recommendations included a need to establish final
design criteria for the proposed wastewater treatment system through
pilot -sca le da ta collection and evaluation. Subsequently, the New
York Distri ct of the Corps of Engineers requested that this design
information be developed or that alternative solutions be developed if
the proposed concept was not feasible.

—p
P~ rp~Se

The purposes of this study were (1) to determine design criteria
for an i nterm itt en t sand f i l tra ti on w ashrack was tewa ter trea tment
system which would meet present USEPA requirements for wastewater

‘

~~

“ Vehicle Waohin ~, O i ~~i’t t i n~ and ~‘w t~~~~L t.L r  i) i.s~cha rqes , Port 1
r~~~~ :,

77 , PI nding~ and 1 ~ rnm’n L~ t ? m ~ , CERL Technical Report E-80/
ADAO26 173 (Construc tion Engineering Research Laboratory [CERL],
June 1976).
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discharges and (2) to provide a system with sufficient flexibility to
meet future USEPA water quality standards.

Approach

The results of this stud y were obtained from a pilot-scale study
at Fort Drum which used intermittent sand filters in conjunction with
a was tewater collection and pretreatment system. Filter operation
was monitored to develop desi gn cr i te ria for fu l l -sca le  trea tmen t
fac ilities. Effluents were monitored to verify wastewater discharge
compliance with USEPA limitations (NPDES permit , Fort Drum), and oper-
ational characteristics were observed to form a basis for predicting
full-s ca le opera ti on and ma i ntenance requ i reme nts . Da ta per ta i ni ng
to loading rates , depths and characteristics of filter media , was te
removal efficiency , and other pertinent information related to the
performance and design of such a system were to be provided to the
New York District after the completion of pilot-scale studies.

----
p
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DE SCRIPTION OF PILOT STUDIES

Pjiysical Location and La~yout

The site recommended for the centralized wash facility (Fi gure
1) was chosen because it is located along a road on whi ch most ve-
hicles return to cantonment areas after completing field maneuvers .
The pilot plant site was in the same area recommended for centralized
wash facilities. The area now has four wastewater-generatin q wash-
racks and an abundance of natur al sand deposits .

Figures 2 and 3 illustrate the physical l ayout of the pilot
studies. The 431 -ft (131-ni ) ditch constructed to channel wastewater
generated froi i washracks No. 2090 and 2091 to the study area was lined
with white nylon -rein forced plastic. This material was also used as
a liner in the holding pond and the two weir boxes. Exterior pl ywood
sheets were used to construct the sand filters and weir boxes , and
precut steel channels were bolted together to assemble the framework
for the filter walls. Sheets of tongue and groove exterior plywood ,
3/4 in. (1.9 cm ) thick , were bolted to the frame . The field dimen-
sions for each of the two filte rs were 9 ft. 10 in. (3 rn) wide; 9 ft .
10 in. (3 m ) long ; and 8 ft (2.4 m) high. Construction grade , 2-in .
by 4-in. (5 x 10 cm) l umber was cut and assembled to form the frame-
work for the weir boxes , which had interior dimensions of 6 ft (1.8 m)
wide , 6 ft (V. 8 m) l ong, and 4 ft (1.2 m) deep. A hole was cut in
one wall of each box and a 22 1/2 degree metal weir was mounted in it
to allow flow measurement.

The pl ywood filter walls were treated with multiple layers of
waterproofing epoxy prior to placing the underdrains and media. Na-
tive sand was placed and shaped as a support for a polyethylene bottom
cover. Perfo rated polyvinyl chl oride pipe of 4-in. (10—cm ) diameter
was placed in two parallel sections at the bottom of each filter. The
underdrains were located parall el to the filter walls and topped with
1 ft (0.3 m ) of graded gravel . These pipes manifolded to a discharge
pipe which acted as the effluent collection system for the sand fi l-
ters. Two depths of sand media , 2 ft (.6 m) and 3.5 ft (1.05 m),
with an effective size (Dio )* of 0.23 mm were placed in the two filters .

In addition to the large sand filters , four 1-ft (.3-rn) diameter
filter columns were used to eva l uate natural sand deposits (effective
size (D10 ) of 0.21 mm) and to supplement data obtained on the media
used in the large filters . Two depths of each sand type corresponding

* Sieve nomina l diameter at which 10 percent of the sand is retained
in a sieve anal ysis procedure.

9
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to the depths within the large filters were used in the column fil-
ters . The colulll ns were constructed of galvanized sheet re t a l fr~iioned
into 12—in. (.3—rn ) diameter cylinders , 6 ft (1.8 m ) in hei iht , having
soldered joints with a valved discharge outlet at the bottor’:. The
four columns were placed adjacent to the large sand filters (see Figure
4). Appendix C provides the sieve analyses of the quarry and na t ive
sands.

12 ” D I A . 12’ DIA. (2 ” DIA . (2 ” DIA( 3m) (3m ) ( 3m) ( 3m)

$ 

11’
QUARRY 36 ” NATIVE

2’ ~ 1 1 2’
(.6m) QUARRY SAND j SAND NATIVE (.6m)

SAND j SAND I
+-Fi~~

b t~
( 3m) GRAVEL GRAVEL I ( 3m) GRAVEL GRAVEL

1. ~ ____________ _ _ _ _

*1 * 2 *3

Figure 4. Cross section of filter columns.

Opera t i on Procedures

- - - p The pilot plant operation procedures were varied to determine
desirable surface loading rates which were consistent with a good-
qua lity effluent. Figure 5 and Table 1 illustrate sample points and
flow pattern for the pilot study . Discharges from washracks were
collec ted and conveyed to a sedimentation basin , where the detention
time was a m in iin u~i of 2 hours. The valving scheme allowed settled
wastewater to be applied directly to the two large filters . Loading
was measured by determining filter effluent flow using a 22 1/2 de-
gree “V -notch weir in a stilling basin , and by monitor ing water level
in the sed i mentation basin and filter boxes. The co lulrl n filters were
lo aded manu a ll y us i ng g ra dua ted con tainers . F i l ter loa di ng ra tes

13
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WASTEWAT ER PR ODUCTION
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E
F O
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U C

I

SURFACE DISCHARGE

Fi gure 5. Schematic of pilot studies .
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Table 1

Key: Pi lot Plan t Sc heme

Des i gnation: Desc~~pt ion:

Washrack 2090 Concrete slab with 17 3/4 in. (1.9 cm)
hose bibs

Washrack 2091 Concrete slab with 17 3/4 in. (1.9 cm)
hose bibs

Sample Station #1 Sample point located 3 ft (.9 m) from
lined ditch beginning .

Lined Ditch 431-ft (131 m) ditch lined with nylon rein-
forced polyethylene sheeting, 6 ft (1.8 n)
wide.

By-Pass Ditch Unlined ditch used as a bypass .or excess
was tewa ter.

Sample Station ~/2 Sample point located at effluent of the
lined ditch (or influent to holding pond).

Holding Pond Nylon -reinforced polyethylene lined pond
wi th a 3-in. (7.6-cm) diameter effluent
PVC pipe located 2 ft (.6 m) higher than
the bottom.

Sample Station ~3 Valved outlet pipe located in the holding
pond effluent line to provide settled
was tewater for Columns 1-4.

Sample Station #3A Valved 3—in. (7.6-cm) influent to Filter A.

Sample Station #3B Valved 3-in. (7.6-cm) influent to Filter B.

Filter A 3.5 ft (1.05 m) deep sand filter.

Filter B 2.0 ft (.6 m) deep sand filter.

Sam ple Station #4A Valved 2-in. (5-cm) effluent from Filter A.

Sample Station #4B Valved 2-in. (5-cm) effluent from Filter B.

We ir Box A A stilling basin with a Stevens level
and recorder and a 22 1/2 degree V-notch

Weir Box B weir for effluent measurement.

15
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Table 1 (cont.)

Des ignat ion: Descr int ion

Eff luent Di tch Unlined ditch used to discharge all
effluent waters to surface drainage.

Colu mn ~1 12 — i n .  (.3-rn) diameter column w i th  2 ft
( .6  m) of purchased sand (same type and
depth as Filter B).

Column ~2 12 - in. ( .3-rn)  diameter column wi th 3.5 ft
(1.05 m) of purchased sand (same type and
depth as Filter A).

Column ~3 12 -in. ( .3 - rn)  diameter column wi th 3.5 ft
(1.05 m) of quarry sarld (sand used as
found at site).

Column ~4 12-in. (.3-rn) diameter column with 2.0 ft
(.6 m) of quarry sand (sand used as found
at site ).

16



ranged fror; 3 to 6 in. (7.6 to 15.2 cm) of wastewater per application
wi th  up to three appl icat ions per day.

L~b~ratpr~ and Fie ld -Measurement
LQst~ and Techni ques

CERL personnel tested the w ashr a ck wastew ater  in a chemistry
labora to ry at Jefferson Community Col lege, Watertown , NY . Sample
storage appa ratus , laboratory equipment , and chemicals for ana ly t ica l
procedures were suppl ied by CERL . Analyt ical  methods used were :

1. pH: A Beckma n Electro lna te H Meter , model number 100900 , wi th
a combination electrode was used for pH determinations. The manufac -
turer ’ s instruct ions for pH measurement were fol lowed. The instrument
was standardized w i th  a buffer solut ion having a pH approaching that of
the sample. Test ing was generall y perfo rmed as soon as the sample
arr ived at the laboratory .

2. Chemical oxygen demand (COD):  COD Method 220,
~h~’ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~ ,J w. ~~~~~~~~~~ .~~ , 13th ed. , 1971 ,

was used for C OD analys is.  Samples were acid if ied wi th  sulfuric acid
and stored at 4 ‘C for preservation. Two sets each of f i l tered and
unfi l tered samples were refluxed to determine the amount of ox id izable
matter which adheres to inorganic so l ids .  Samples were general ly re-
f luxed w i th in  24 hours after being col lected .

3. Residue: Methods 224C and 2240 of . ,‘ z’ , z .  .‘ ‘ ~, were em-
ployed for suspended sol id (SS) and vo la t i l e  suspended sol id (VSS)
determination. Membrane f i l ters  were used to analyze SS alone , but
when both SS and VSS were determined , Gooch crucib les and glass fiber
fi lters were used . The two methods were compared by sp l i t t ing  several
samp les and analyzing them wi th  both a membrane f i l ter and Gooch cruc-
ible. Samples were stored at 4°C; some were acidified when the sample
was also used to determine COD .

4. Grease and oil: The Soxhlet Extraction Method , pp 226-228 of

P 
the USEPA ’ s ~.~eu-~l 

~~ 
.-~~ _ /r - /~ j

~ a’ - ~~~~~ ~~~~~~~~~~~~~~~~~~~ 
‘ Wa t r i ’  zn~

~~~~~ was used . Samples were col lected in wide-mouthed Mason jar s ,
preserved wi th  sulfuric acid , and stored at 4 °C. Samples were genera l-
ly extracted wi th in 24 hours of co l lect ion , and analysis was completed
wi thin 36 hours .

5. Turbidity : A Hach Turbidimeter , Model Number 2100A , was used
to measure turbidity . Manufacturer ’ s instructions for use were fol-
low ed. Samp les were e ith er anal yzed imme di ately a fter arr i v i ng a t
the laboratory , or stored at 4°C for later analysis. (Some samples
were aci dified if also used for COD determ i nations.)
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) RESULTS AND DISCUSSION

Re~ u I ts

~i I te r used for vehicle washing was monitored at Fort Drum during
the 1 )16 t ra in ing  season. Water meters were ins ta l led  at most wash-
racks to aid in measuring washrack wastewater fl ow, as required by the
cur rent NPUES permit. Fi gure 6 and Table 2 summarize water usage data .
Washrack~ were used 1 to 3 days per week--normall y within a 4-day
period be ginnin g Wednesday and ending Saturday. Vehicle washin q ac-
t i vi t , i e~ v~u all y coincided with the termination of 2-week t r a inin g
per iods.

JO

x

x
e

x
x

S
x

MIL LION
GALLON

x
(GALLON lO~~) 

~ x
x

x
x

2 X

X

X A I

0 20 40 60 80 100 (20 140
—a— 5/9

31 MAY 
DAYS

30 JUNE 3I JULY 31 AUG

Fiqur(  6. Cumulative water u-;aqe vs. time , Fort Drum ,
NY , summer 1976 .

As shown in Figure 2, pilot plant operations received wastewater
from two washracks --No . 2091 and No. 2092. These washracks recorded
the hi ghest water usage during the 1976 t ra in ing sea~ un- -2 .5  m i l l io n

18
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gal (9. d6 Inillio n 
~ ) .  During the CERL study , the two washracks were

u’-Qd pri m aril y for cleaning armored tracked vehicles. The 1975 study ”
c ii cluded tha t wastewater from t racked vehic le  washracks contains the
hi ghest concentrations of suspended solids , grease , and oil.

Figures 7 throu g h 10 present the average and the range of para-
met( r va lues  for salllpl i ng points used to noni tor the pilot plant
operati r l . These fi gures summarize data for the total operating
per iod of  the large f i l t e r s . Figures 11 through 18 s ummarize the
suspended so l ids  and turbidi ty data col lected from the four column
filter s ; these data are also for the - ,‘ -

~~~~~~~! of operation. It
should be noted that average valu es for pa rameters monitored exceed
the US [PA ’s recommended limitations at the filter effluent. For ex-
ampl e , the average suspended solids concentrations for water from both
large filters were 60 and 90 rng/~. (Figure 7). The IJSEPA 30-day average
effluent l i l u it ation is 30 mg/~ (see Table 10 of the USEPA regulations
in Appendix A ).

Fewer data than expected wer e accumulated for the large g i l ters
and Colu i rl figures because of the abbreviated study period; however ,
substant i a l  data were obtained from the column f i l ters operation.
Fi gures H through 18 depict i i lter inf Juen t and effluent character-
i s t i c s  ta r  individual wastewater applications during the study period .
Each column filter shows the an t ic ipa ted  improvement in performance
wi th  t i l e .  This continued improvement wi th use would shortly provide
a degree of treatment which exceed s NPDES requirements.

(ir ian ic content of wastewaters , as monitored by the grease and
oil and COD ana lyses , was found to be low during pilot plant study .
In the absenc e of significant sol uble organics , the performance of the
f i l te r  in t reat ing w astewaters  w i th  hi ghly d isso lved organics could be
evaluated . COD as sho .-in in Figure 8 indicates relative ranges of or-
(Janic content found at various sample points in the pilot plant. Oil
and grea-e oncerl tratio ns greater than those reflected by the data
in Figure 10 wer e observed during the study at Fort Drum. These high
concentrations were observed on several occasions and were determined
to be the result of fuel or oil dumps at the washr acks.

—P
Iiiscussi on

As was anticipated in the study planning , filter performance improved
with u -~e; effluent from all filters improved with succeeding applica-
tions of wastewater due to (1) a gradual reduction in the amount of

- 

/ / , ~~ I i i ; 
- -

- ~~~~~~~~ . ‘ a n !  ,,. i,~~,’ - a’ . .~~~~ 
~~~ ‘ i ’  a , 1- a’!. “c

; j y , p~~~~~1. ~~~~ - ~ -‘u’ ; ~ — -t . 1 cc , Technical Report E—80 fADA0~’h 113 ,(C ERL , June 1976).
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SUSPENDE D SOLIDS

T MAXIMUM

AVE RAGE

9000 MINIMUM

7500 -

-J

CD

3 6000’
‘I)
0
-J
0In

0
4500-

(4200)
0~In
C’,

3000

(2500)

1500

— - 3(620) 
~(6I0)

_L ] :(60) _L (90)0 I I
I 2 3A 4A 3B 46

SAMPL E STATION

STAT ION I— *W A S T E WA I ER DIRECTLY FROM WASHRLCK ( $)
STAT ION 2 —p IN~~L UENT TO HOLDING POND
S T A T I O N  34— p F ILT ER INFLUEN T
STAT ION 4A—Ø . EFFLUENT FROM FILTER 3A
STAT ION 38— + FILTER INF LU E NT
STATION 4B— + EFF L UENT FROM FILTER 35

Figure 7. Summa ry--suspended solids da ta .
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AVERA GE

1200 - - MINIMUM
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-J
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0
0

400 ( 3 8 4 )

200

1~
22 ) (105)

- — - _  ( 1 2 )  - — ~~~(24)
0~ I I I

2 3A 4A 38 48

SAMPLE STATION

S T A T I O N  I — P W A S T EW A T E R  DIRECTLY FROM WA S HRA CI( STATI ON 44 - CF~ LUE NT FROM FILTE R 34
STATION 2—P I N F L U E N T  TO HOLD ING POND STATION 39— PF ILIER IN FLUENT

STATION 39—*FI LTER IN F L U EN T  STATION 48— P E F F LUEN T  FROM FILT E R 39

f ig u re  8. Summary --chemica l oxygen demand (COD) da ta .
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T U R B I D I T Y  MAXIMUM

AVERAGE

MINIMUM

200

150 -
>-
6-

(122)

~ 100 -

SAMPLE STATION

STATION 3 A — ~~ FILT ~~R INFL UENT
STATION 3 B — * F I L T E R  INFL1j E,~IT

STAT I ON 4 A —’PEFFLLJENT F R O M  F ILTE R 34
STATION 48—+E FFL UENr  FROM F I L T ER 3 8

Figure 9. Summa ry--turbidity data .
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GREASE AND OIL
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30 AVERAGE
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w
If)

( 1 2 )
a:
o 1 0 -

(6)

0•  
}2 I( s )

S A M P L E  STATION

P ST A T I O N  I— A l W A S H R A C K r S I
STATION 3A—+ SAND FI LT ER I NFL U ENT
S T A T I O N  4A— PEFFL UENT FROM F ILTER 3A
S T A r I O N 38 —-P S~~No F I L T E R  INFLUEN T
STAT ION 4 8 —  P E F F L U ~~NT FROM FILTER 39

I iqure 10. Sunima ry--grease and oil data.
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SUSPENDED SOLIDS COLUMN

2500 INFLuENT (MGIL ) 
256 2 

2FT . QUARRY SAND

2000

1500

I O0~Y 726
660

T ~~~~~~~~~~~~~~~~~~~~~~~ 

~~~ 1±~2 

ft -~4 58 ~
SUSPENDED SOLIDS % REMOVAL

•0100 9S
94

9 0 9090-

e,~8_3 
8

~ 80- ~-

TO
,j-; io- -

0
-J
0
“ 60-
a

~~

‘ CO MPOSIT E SA MPLE
EFFLU ENT ALL COLUMNS

30 
~~I LIT ER APPLICATION

( A L L  OTHERS 0 L I TERS)
20-

P ~~~~~~~~~~~ HCJ I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- -

BASIN FIL L I 2 3 41

I SMALL BASIN FILL , WH EELED VEHICL ES . FIN E S EDIM EN T

F i gure 11. Sunniary--suspended solids. percent removal ,
Column 1.
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COLUMN 3
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Figure 13. Sum mary--suspended solid s , percent removal ,
Column 3.
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Figure 15. Suninary--turbid ity, percent reduction , Colu mn 1 .
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Fi gure 17. Suunnary— -tu rbid ity , percent reduction , Column 3.
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III material washed from filter med ia , and (2) the deve1 op mnen~ of a
thin - 1urf ace coat i  flI l on f i l te r  beds . In addi t i l o , filter performance
in terms of effluent qu a lity dpproached what had been anticipated by
t I  e i d  of the stud~ period. On the basis of su’~pended solids re-

III UV LI1 S at the two application rates used with the column filter s--5. l
liter (equivalent to 3 in. or 7.5 cm) and 10 liter (equ ivalent to 6 in.
or 15 cm )— —Fi q ures  1 1 through 18 indicate better performance at the
lower hydra ul ic  loadings. The f i l ter  co lumns havin g 2 ft ( .6 ‘ 1 )  of
F l e i l d  - ienera l l y  exhib i ted lowe !- s uspended so l ids and turbidit / reduc-
t ions than those found in the deeper (3 .5- f t  [1 .05-rn]) f i l te r  col UI Ifl~~ .

The number of app l ica t ions  of wa s t ew a ter  to f i l t e r  col ummi ns var ied f ro~one to three . Performance of column f i l te rs  was good w i th  up to three
applications per day (Figures 11 through 18).

The suspended sol ids concentrations in columii n filter influents
varied substa ntially, reflecting the detention t i e  in the sedimenta-
tion basin and the type and degree of soiling of vehicles washed . No
attempt was made to apply a consistent quality of wastewater to the
filters . Figures 11 through 18 summarize influent suspended solids or
turbidity , percent removal , and detention time in the sedimentation
basin for each filter column. It may be noted that w i th  decreasing
suspended solids concentrations in wastewater applied to filters ,
there is leneral ly an associated decrease in suspended solids reiiioval
efficiency . This, together with decreasing solids concentrations ,
reflects the difficulty of removal (by filtration) of extrem ely fine
Ill ater i a l which does not settle in the detention basin. Average sus-
pended solids remova l effi cienc ies for the filter columns were :
colu j in No. 1 , 79 percent ; column No. 2, 91 percent; column No. 3,
81 percent; and colu m n No. 4, 82 percent. These removal efficiencies
are som ewhat misleading, however. For example, at the conclusion of
the study, column filter No. 3, which contained 3.5 ft (1.05 m ) of
nativ e sand media, had remova l efficiencies comparable to those of
co l umn filter No. 2. The low overall efficiency reflects the extended
“conditionin q ” required for native sand media. If operation of
filters hdd been continued , the native sand media probably would have
been 1-15 ef fe ( t ive as the purchased quarry media. Thus , if Fort Drum
native sand is u- ,r1 as a filter mmi edia , its use will require careful
riI on i t o r i r I~ and possibly additional processing.

The -F ’ Il i I( -nt (t i o n basin was effective in removing substantial
weigh t I reentages of suspended solids , and in preventing floating
grease and oil frill reachin g the filters. During operation of the
pilot plant , no effort was mimade to quantify the floatin q grease and
oil in the ~edimii enta t.ion basin. Observation confirmed the necessity
of requirin g a mii ean s of oil removal in a full-scale facility , since
it is essential that substantial dim lounts of grease and oil not reach
the filters and cause “blinding ” effects on their surfaces. The oils
and greases can act as a binding agent for suspended solids, creating
a Ina t throu gh which water will not readily pass at the heads normally
used in inter lll itt ent , sand filtration.
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ta t ion in t ( i -  bas i n  ,Ie r all / redu ed u pended sol ids con—
I e m it  I ( t j l ) ! l  I I I  t~~ll . 1 1 1 1 ,  I l k  wastIwite r tI l r ’ j i l s  below l r h l f )  mO!. . Th i
l a s  I f i  1 1 1 0 0 1  1: t I 1  I C  the p i lo t  H n t  St ely i-/I ,  not  t , - i 1 , lI t tO C V I I ’
d a t a  t I r  lI - I - d id  j f l q  ~~~~ t 11111 ]  1 hd!’act e ,’i O t i C o  I t  the SUOj i HIII l ‘ I t  t~~r

in l- ’ I - I I( II .~ o i 1-, t - w . i t ,r ;  i t -  prim a ry 111( 10 0 -  W I  to l v i  l I t ,  im i t. ~r i t -
tent sand ‘ i l l 1 - I t  1 1 1 ( 1  of ‘ ‘ O { t t l(’d ’ and ‘‘ s b inlmlle d’ w a s h r a c t  w I - t I w a t I - I  -
A c - J r - , , - . e - , i I i I immu t ion of su spended sol i t o  rP I IV I I I O  in the ed Io ta-
t i lI mi 1)d Iii 11111  j l r l- v i o u s  ti1 1 I rI t i C d l I 1 m I , j l ( ratjons der ive d fro m i n f o r —
,af ~~~ 1 1 1  Il l 1 (75 surve y estal ) l  iShe It  tht de ign I ru  I r i l  t i r  the

oed im ri ent < it ion b a s i n .  It is a l s o  a m i t i c i p a t e d  tha t the ext l - el le v a r i m —
1 1 ) 1 1 - , in ‘ I I t v ,’ i I t e r  t 1w-i rates from wa s hra e ks  w i l l  require f l ow  C UII1i ~

z I t i ; c i p a b i l i~~-,- - ( in the  fo rmil of another bas in)  to min imize the s i ze
and cost  of  inte i t t ri t sand f i l t e rs .  Such an equa l iza t ion  basin
lvi H a ftol - I I IOI - t he r opportun ity for suspended so l ids  remova l by et-
ti lii .

Pi lo  p lant  s tud ies  a t  Fort Drum provided very l im i ted  informa-
t ion ( [ 1 1 1 1 1  the o~i’ration and miia i nte nance requi rements of a fu 1-scale
treat Cu t  f i 1 i - The 1 a i’qe (10 ~ 10 ft [3 x 3 m it] ) f i l te rs  were
accident ally “ p l u g g e d ” by - - 0 C~ ap p l i ca t ion  of wash ra~~ w a s t e —
water cou t l l i n i nI  hi gh concentrations (2000 mg/ ) of suspended solids.
The t i l t ~-r s i r t I c ’ , had II coat ing which prevented inf i l t ra t ion  of
‘i1 jt,- r w i t h  18 in. ( . 4 5  in) of head . Af ter  removal of was tewater , the
t I p  2 i ll - (5 cm ) of sand and arI ui u la ted  depos i ts  were removed , a nd
2 in. (‘ 1 cm ii ) of I V I  sand cdi 1 p laced on the f i l t e r s . The f i l t e rs
we~ retu no I ~ q e r a t i r  a n d  th o r iq i na l  f i l t rat ion  rate and re—
l l O y d  I o t  ‘ , 4 ll uI1 I l  so] ids i-lore restored .

T ime— vol o re o f  f ii t r I t e  s tud ies  were perfor m ed on the co 111 0 f 1 1 —

tees at  V 1 r 1 l I u ~ t i l e ,  dur i u l  the study to f,t iii tate estimates of the
li m IC a ri d/ O r  v a i l  IC- o t  throli h ut between f il ter surface scrapings;

Fl qures 11) thrl JIj h 22 s e a  ri ze the resul ts .  Li t t le  or no decrease
Ill fi 1 tr,-m t i l l  r a t i -  wa’ l I t l ’ ,nrved dun nq the p i lo t  study ; approx imate ly
hs to 60 ~m J (208 to 227 

~ ) per - q l la re  foot  of fil ter surface area
wer e app l I l l  t I l  ‘ I I I  c c l i  umrm f i l t e r .  The col umn f i l t e rs  reta i ned 1 .6
to 1 .7  It) (.73 1 11 .71 k g )  I f  the 1.8 lb ( .82 kg) of suspended solids
~g l  j e l l  t I 2 sq f t  ( - II mi i ) of filter surfare area. Figure 23 depi ct-
— 4 f l , l t  i v ’  ap~Il m c i , i l ’ t a irl ’Il , and I, Is’ed we igh ts  of suspended sol ids

I) I i I I I  - C CO 1 JI ll I I . d.
Based ( f l  a v a i l a b l e  data , inte l - l i t tent sand fi 1 t i rs wou ld  probably

r u , t . dl i i  r - , A ! t a l p  scraping I I I  h season; however , a ore speci fic
i ll  n it i l l  of  s u r f a c e  ma j o t  m a  nce requ I remen ts can be ob ta I ned only by

addi t i  o n i l  S I l l y  - Operation and mm m a i ntenance requm r e l l e n t s  for inter—
rni It ,’ ,If ‘,,inid f i l t e r -  and sediment ati on facil i ties will I)ene,oll ly be
nil n I mna 1 iii (ollljlli ri son to ~re conventional wastewa I or I rca tment a 1—
tI r r la t i  v c - -~ ; however , continuous wa ’;t ( ‘ wa t e r  app l i c a t i o n  to ii fo r ’  ums t
be avoid ed , grea- m and oil s k im i Rm i i nq (levi I i s  will riced illa l r l t e I l d r l c I , dnd
‘c t  tl ed soil Ii’ , in th,’ sed u m nen ta ti on bas in  cannot be all owed to ac—
1 11 1 1 ‘ (tI to the po in t  where they in f rfere with the t Ill t i on o f t he

- _ _ _
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SUSPENDED SOLIDS

- 
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APPLICATION

Fi gure 23. Mass balance , suspended solids-—Column 2.
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i l l ,  l i -  tim e L l e t - ,-dl mn m n a i r i t  o i l - l o r e  o p e ra t io n s  w i l l  l l I ’t lCl l (l lii the
‘, ‘ S t ) i l S (1 j I I ’ (’~1 t j I m  a n d  the - ‘ I I s t e w It e r ’ s cn,i r,( t e n  s t i c s .

S t _ ,I I up problems w i l l  III- i i I m l i  ti lt ma in ly  t o  f i l t e r  l l t l - I ’ , (t i o f l .  Hi —
l i i i  St Ir ‘ III) 1)1 t~ H e r ,  in a H Illy cor l - , t r u c t t d f a c il it i  ,v i l I produne

l I e  qu a l  i t ~ f i  i t I  a te .  1 , 0 1, 1 1 !  by t ue  w I - h i n g  It f i n - - f ro l  f i l t e r
L l t l,( , 5111111 I I ’  u’Ob leflls IIlt) / he 1 111 aunt l r (’t i f the t i l t  I - l id  III )

used f ,  - l  1 1 0 ) j l e r iod  o~ t_ 1 I I l - . A detem it ion  basin for t i l t  1 1 1 1 1  - 1 . 1 S f

‘~- i- iter w i l i ch  1 , 1 1 1  r( ’c l r l ,u l a t e  w a t l r to the equa l i z i t i o n  bas in  or fm l t . e rs
w i l l  11 ,- l I l t rus i- ended sol ids in the e f f l uen t  that  a l -c in c /n ess  of
n ’ e - I U l d ’ I n I  I t l Ilcy l i m i t a t i o n s .
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L~ L( INLLUS I INS

In response to the s tad ’1 oh I - I  t i  ye , it was d l t .e r l lj ned  t h a t :

1. Sufficient dat a w e r e  c o l l e c t ed  t i r i n g  t ot s t i e l d  eva lua t ion
to fot u l at e  des iq n  cr i  ten a fo r  a oni t ra l  i zed was h in g  fa d l i t - 1  and
w as tewa te C t I ’ .i t i l l-nt sys tew based on CERL conc o l t -  -

2 .  Intermi t tent sa nd fi 1 t r a t i o!  01 se t t led w a - t i r an k waStewci ter
ca n pr i ld ure a better ~u a l i t -~ of 1 I t i - ri ’ t ’ )nI ! i : t  required by re q i—
lato r-i agencies.

3. 10 or i lan i  c I intent lit I’l l ’ O r  0’ w astewa ter s  was  gener a 11 / low
in the I )il Ot study. A ss u mi n I norm - Ill  BOO to COD relationships , organic
contem i t o f  the e f f l uen t  from intel-r i tt -nt sand f i l t e rs  w i l l  be sub-
stant i  all / lid 10 requl a tory  agency 1 i t i  tat ions

Other conc h - ions were drawn re la t i ve  to the ongoing CERL study
(~~ wa s hrack w a s t e w a t e r  recycl ing :

I. The colum n filters hav ing 3.5 f t  ( 1.05 nu) of f i l t e r  media
( N .  2 and No , 3)  genera 11 y pro l uced a bet ter qual it ~i f i l t ra te  tnan to l
two f i l te r  having 2 ft ( . 6  m) of media.

2. Oi l  and grease ca .i- - ed by occasional s p i l l s ,  leaks , or dumps
of petr oleum ; -  product .:’ dur ing wash ing operat ions must be I- e l-m oved r u m
wa shr ank was ti i’~ c tees .

3. Fort Iru nat ive sand F i5 ~~j be used as a f i l te r  media ;  uow ver
i ts  use would r’eqlli re careful  moni tori rig and perhaps some r I . Lo s ing
- i f  t~~r sui table to

~l 1 5  i ts  were 1 or a ted .

4. App l , inq 3 in . ( 7 . 6  cm) of wastewate r  to f i l te rs  ~i r od i j imd  a
letter qua li t,  f t  (lent than the 6- in .  ( 1 5 .2 — cm u ) application .

5. Up to n r l r e l  app l i ca t i o ns  of 3 in. ( 7 . 6  cm) of was tewate r  per
ri~jy 110 / be made to in te r l i t tent  -,a ni d filters .

‘L I  li 1 ~ I - 1  rch ti mite W I ’  short , there was i mis u f f i  ci t i lt  data  o r :

- k l l rn f lde n t ly  predict ing operat ion and m naint enlrlI e charactenis-
t ics of  the proposed treat it ient scheme .

2. Deter m ining the effec t of i nte l-l i ttent sand filtration on a
laSh I  I l k  Waot .’w l t I’r containing s i t l - ,t a nt ia l  solubl e orIt in i  c content.

3 1
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5 RE- - M l  ‘~i~ ,T

1(1 t I l l  I I ’, I ’  I t  t 1 1 ,  St I l l ! ’ ,, I t  i S  (‘I I I1IIIIIII’m i IlPIl t hat  i I-1I Sh I ’ ,I(
, , ( ‘ , t I ’. i l t l I  I I I , I t I n l T  f o i l i t y  l m l -  t h a t  !I( ’nl)O’ l I I I  A~q o’ni Il i~ B of
L li )S ( 1 1 111 1 1 he bUi 1 t a t  Fort Dn - ll i nl .

- - S-
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A PP E’ 1L ) IX A :

USEPA h’l 1 Rf )U R- ‘ -t - S (ABSTRACTED
11 -4 I A  ‘ 4PL ) ES DI ,Lli1,k(1E PE RMIT

.~~~~~ 1’

21 01 Y ’,~ I

‘~~ k~’ -~i i r ii- l Admni i fi S t ra tar of Region II of the U.S. Envi ronmental
p ’ ruten t l n I  A qeniL / • ; ‘J r ’ : u l n l t  to auttill r l t /  by Sect ion  1342 of the Fed—
‘ - r - t l  ~ , t t r  ‘ Po l l  I ’ j u n  I Ifl~ n - i  Act  A en l u l ents of 1972 , has issued a

1 - ni l 1 Po l l  0 i o n  Di scs i r~~e El 1imi~ n i i  t ion Sys tern (NPDES ) perm i t on
, . - -. i d c  ,- J . I , t l t ( I~~ .‘dS  ‘.l~~~I ten  d i s c ’ ia r — ~es at Fort Drum . The permit ,
o t i c h  t i c - a r  I f  I - t t ei t i ve  date of 31 October 1974 and expi res on 1 July
1177 , cont- c in s 1 ll fo l i o w l r I t p r o v i si un ls :

Locat io n of Wa s hra lJ Ef f l -aon i t  Discharges

a. Discharge 001 designates the wastewaters from Fort Drum
washrack s that el ’ I 1 t. -~’ into Plesant Creek at latitude
44 O2’’i j’ and ilInii tud e 7 5 0 4 6 1 1 5 1 1  This covers wash—
racks whose e f f luents  di schar ge d i rect ly  or indirect ly
into St. Jamiies Lake ad jacent  to the Leray mansion on
post.

b. Discharge 002 designates the wastewater from Fort Drum
w ashra c ks at la t i tude  44~)O2 1451 and long itude 75 4 4 ’ O ’
that d i so ha rge  v ia s u rf  ice drainage channels into the
headwaters of Pleasant Creek (was hracks 2 P Y I ) , 2091
s oY? , and 2093) .

2. Effluent Limi tations

At the two designated dischar ge point , e f f luent from e x i s ti n i
or proposed washrack wastewater treat i - n u t facilities must meet the
quali ty criteria shown in Table [Al]. In addition , the permit speci-
f1e~ rn i n ii m l u n n l m on itoi- ing r-eI!li i reniients as described in Table [A2]. For
new treatment facilities , the permm i it specifies an interim effluent
discnarge reguirem inent of virtually complete removal of sett leab le
sol ids , no discha r-’i e of floatin g solids or visible foam , and the per-
formn ance of ti ll- mini mum moni tori ml i i requ i renen t -  as previou sly described.
The interim effluent discharge t-e-iuire in ents are applicable froiii the
effec tive date of the permit through the date on which the new treat-
mn ient fa (il ities become operational .

3. Schedule of Co m pliance

1h~ p e r I m i t  states that by 30 April 1975 the installation shi ll
submit an I m oji nee ring and Facility Plan for achieving the required

41
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Table  [A l ]

Ef t 1 uent d, 1it i re ent  for W ashrack W aste w ater  Di char g es

l h ,— ’~ica l or Concentrat ion
: t t r i c a l  Parameter or Va lue
pH 6 .0  to 9.0

5—Da y Bioche m ical O xy l o nl Demand
(BOD)*

3 0 — M a y  A v e r i e 30 niq/

7-Day Aver ag e 45 mg/ t

- ace  a n i l  Oi l

30— Ii y /\vei a Ic 10 mg/ -

7 -Day r\ v - n s t ; -l-  15 nil]! -

t l1St )( fldf’d Sol ii *

30-Day A v i  (II I’ 30 mg/

7-Day t ver aqc 45 mgI-

*I.!h ichever  is  o re  stringent
Additional reguirem inent: no discharge of floating solids or visible foam .

Table [A2]

1 1i n I l - I l l -  I t f l u e n t  rioni to r inq R e q u i ro l u l I nt s

iii1s ica l  jr Measurement
Ch ml ica l  i - I n - l u - I  n F reftueril y Sam ple Type 

- - -

- 

~ Total F l w , l u l l ! ( lIflt 1f(10i15

BOD E, mq/ On ce Per Week Grab
Sc ’t . t l l , Ih l f -  So] ids,  mg/ ’ O n c e  Per Week Grab
t luspended So l i ds , mq/ Pul p Per Week Grab

H Once Per Week Grab

~ - - ( OP and O i l , mg/ V I ) m ~~~
p l I e  I - I l k  Grab

-12
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I f  f i  uii’iit I jini t a t  ~ u I I i s  by 1 diii / 1 ) 7 7 .  The schedule of comp l iance is
ind I t e the follow i ng :

a.  T he c omup le t ion date of f inal  p lans and spec i f i ca t i ons
f o r  t he treatment f a c i l i t y .

1). The construction start date.

c. The construction completion date.

d. The date the trea tment facilities will become opera-
tional. Within 14 days following each date speci fied on
the above schedule , a report to the regional admninis-
t .rator shall be m ade detailing compliance or noncom-
pliance.
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A P PI N i l t  B :

DESIGN CRITERIA

( n i l n i t

Figure Bl is a schematic of washing and wastewater treatme nt
faci 1itie - .~ recouimn iended by CERL in Technical Report E-803 and in this
report. Figure 02 illustrates the recom mended scheme for treating
wastewater  fro m centra l ized wash fac i l i t i es  at Fort Drum , NY . Desi gn
c r i te r ia  for the fac i l i t i es  described in Figures 1 and 2 are presented
in CERL T e - ; f n m i c a l  Report E -80 and in the Desi gn Calcu la t ions  for
,‘ias t I-water T reit ment Components sect ion of this appendix.

Vehicle ,id h Faci l i ty

The t n - acked-veh ic le  wash f ac i l i t y  w i l l  be s ized to p rocess a
u o a A i : .uur of 400 veh icles in any 48-hour period and w i l l  consist  of a
vehicle r e p I r I t i o n  area for inter ior cleaning and an exter ior  wash
area. ~li~c vehicle preparation area will accommodate 12 interior wash
stat ions , each having a tower-supported , low-volume , low-pressure hose.
Receptac les for the deposit ion of sol id waste w i l l  be provided. The
exterior wash area will accommodate six wash stations , each having two
tower-supported hoses per station.

The whee led-vehic le wash f ac i l i t y  w i l l  be s ized to process a maxi-
u u u I .  of 1 000 rubber-tired vehicles in any continuous 48-hour period .
The facility will includ e a vehicle preparation area having 16 inter-
ior wash stations , each with one tower—supported wash hose. Vehicle
exteriors will be washed at three automated fixed -nozzle exterior
wash stations, each of which can process 20 vehicles per hour.

14a ’, tewi Ler Tr ea t inent Fa c i 1 i~y

- 7 / I u ’ ‘
~~ 7~’ - - n- - 

- - ~ 
-
~

l f rL l ,I i -e - - - /

To remm iove bulk suspended solids and free oil , each vehicle wash

1 
, , ‘ - ‘ :1:  - . O I .’ l ! ~~ 

L ; ! . t t . ~~~ t~~ 1 f r I ~~ , 1 , , ’ Z [ ~~’ y ’  .1~ e u - . r , !- ‘ r t  -

-
; . / , ‘ PA !  - 

.- mr 1 1 1 /  -
. 

, ‘ , Technical Report E— 80/AD A 026 173
(CLRL , ~Jun e 1976).
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VEHICLE ENTRANCE

1~ I[ V E H I C L E  P R EWASH
PREPARATION AREA

I I I
_ _ _ _  I i

I J ONE TRACKED TWO WHEELED
WASH AREA WASH ARE~~~]

I I I VEHICLE

I I E X I T
I I _ _ _ _

I SETTLING F S E T T L I N G
I BASIN BAS IN
I _ _ _ _ _ _  ~

.- S.,
S. / S.,I .,-.
‘ ‘S.,I _
‘
~S__ _ _ _  / I 7 SLUDGEI _________________________ 

DISPOSAL

FLOW EQUALIZATION BAS IN
J

INTERMITTENT SAND FILTERS 

FEFFLUENT BASIN
RECIRCULATION I

I — I
I I

—
h’. .

SURFAC E
DISCHARG E

Figure 131 . Recommended washing and wastewater treat-
mnent facilities it Fort Drum , NY .
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TRACKED VEHICLE WHEELED VEHICLE

WASH FACILITY WASH FACILITY

SEDIMENTATION fl SEDIMENTATION

92 ’ X 20 ’ 117 ’ X 20’
BASIN 

~.L 
BASIN

A ___________________________________________________ I.— ._UNDERGROUND
QLL

_ _ _  

gj-~STO RAGE
Jf UNDERGROUND

STORAGE500 GAL.
E QUALI Z AT ION 500 GAL.

BASIN _______________________

178 ’ SQ UA R E TOP
100 ’ SQUARE BOTTOM

13’ DEEP c~ 
PUMP
NOT TO EXCEED 500 gpm

SAND FILTERS
— 1 (FOUR)

52 ’ X 210 ’DOSING 

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

EACH

10 ’ DEEP
16.5 ’ SQUAR~~~ 

4 ’ DEEP 
NOT TO EXCEED 500 gpm

BASIN
- 93.5 ’ SQUARE

‘I’
SURFAC E -

DISC H ARGE

I iqure [32. Wa- bl ack w a s tewater t .reatmuent .
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area wil l nave a reinforced concrete settlin g basin sized to allow for
a mn i in i lu u :  of 2 hours detention timn ie in addi t ion to desi gn sediment
still - i ll - r I - p u irl um i e n t . The latter volu nnies can Lie assigned by al lowing
0. 1 cu It .002 m 3 ) and 1 .0 cu t t (.02 m 1) of accumulated sed i - uc r it for
w heeled and t r i c k e l l veh i d e s  w i - he !, respec t i ve ly .  The basin w i l l  be
dra ined to the level i f  the d e s i t u  s lu dge zone; collected sediment will
be r mcv eul  c i t t l e r  ~y a f n - o nit — end loader (requir ing a sedinnentat ion
basin w i t d  a s loped forebay are a) or by external pumping to another
v e n m i c le.

For free oil se pa r a t i o n , the sedi mentation basins must allow for
the ren ni ov al of 100-mi ron di lu te r oil globules having a speci f ic
‘-r avity of 0.JI at a teu: fl rature of 10°C. Dimensional characteristics
of the basins shall conform to criteria recommended by the Am nerican
Petr oleu m Institute . Collected free oils can be removed by mechanical
floating oil s ski lillll ers or any device capable of continuously removing
a minimum of 1.0 gal (3.8 ~

) of oil per hour.

Wi stewater flow will be equalized by a lined earthen basin h avin q
an active storage capacity of I m ill ion gal (3.8 million ‘ ) ;  this
amount corresponds to the wastewater volume produced over the peak 2-
day washin g period . To allow for accu nm iul ations of fine sediment , a
dead storage volun mi e amoun ting to appro ximm ia tely 15 percent of the active
storage m u s t also be provided. Basin side slopes of one to three (rise
to run ) ar recomninended unless superseded by soil test results to deter-
mmm ine embankmen t stabilit y . The basin will have an emergency spillway
designed to pass s t i r mw a t e r  flows produced by a 10-year frequency
storm . To safeguard against overtopping, a minimum freeboard of 2 ft
(.6 mu ) above the spi llway elevation at design flow will be included in
the overal l  basin depth.

- 
_
P~ .~ ~-. Z :

The intermn iittent sand filters will be sized on the basis of a nia x-
i n im u u ; application ra t e of 245,000 gal (927,426 ~

) of wastewater per day.
~ Each of the four equal -si zed filters to be provided w i ll receive a con-

trilled dose of 3 in. (7.6 cm) of wastewate n- every 8 hours. A centra l
s iphon-o perated dosing chamber w i l l  he enn iployed to de l iver  each f i l ter
dose in appro~ i ur i t c l y  20 m m .  Wastewa ter will be pumped from the equa l-
i za t ion basin t o  none dosing chamber at a rate not to exceed 50 percent
of I i i ’  S i l u l l i n i  I hal liber dischar q i’ rate .

F - ceO filter will consist of 36 in. ( . 0 mn) of washed sand meetinq
all NI L-I York S t i t ~ Public Health Service specifications for filter

~ ; 1 4  cI - 1 /  : . ;~~~ - .- Z  - - - “/w. r~
- 

~~~~~~~~~~~~~~~ Vol I, ‘Li quid Wastes ”
(A m erican Petroleum Institute , 1969).
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s i n !  e x a l t  tb - c t the E t lcc t~ vc S i ze (D 10 ) sea l I range tI - ti-I t - n i  0 .2  and
I) . - m imi . The f i l t e r - a i m ! w i l l  he umide rl din by sd et_ t e d  cou rse  sater i  al
cont a i n i n - i  in iin i b r d r i i n u a m e s - / s t i l l  designed in accordance w i t h  recoil —
umendations co nta in e d  in the Ameri can Society of Civil Lng ineering ’ s

1 . . . ; - - c / u :  1 : :  ~ 
- 

~- ,~~ - - . - - r ’ . ~ Lach f i l te r  w i l l  be enc losed
w i t h i n  re inforced con c rete w a l l s  of Y - i n .  (22 .8 —cnm ) m i n i r i c i l u  thickness
of appn - ii r i a t e f o o t i n g s .  A rmim n inm u i ~i freeboard i f 12 in. (.3 m) above
(ne level of tne s - m m d - -ii ll be provided; rio b ott oi -i or bottom liner w i l l
be required.

- :: ‘ - ~l ‘-
- - - - -r

T i me f i l t e r  etfi un ni t w i l l  be dischar ged into a l ined earthen basin
sized to com i ta in t no eff  1 uent vol unne produced dun nq the m a x  i m i i i  da V of
f i l t e r  o; ’ i rat ~on. cIr ~~~ w i 11 reci ns _ u l a t e  the effluent either to the
e q c n l i . ’a t ion  basin or to the f i l te r  dosinq c ; ianm nb e r . Unrec i rcu la ted
eff luent / 1  um mi es iii 11 be di c h i  r e d  t i n  su r face  dri i nia- ic a t  ter pass nq
thri u-i i a f low moni tor ing dl v i i t .  Th e  b a s i n  ~- m i  11 be a ,ource of re—
cycl ed ic ter for t Il l- wiji ing opera t io r ’  i f  oc omm omical ly and envi ron—
uuue nta 1 1/ I l s s a r / .

IC -
~ ~~‘ -c I c  a t il l  nm f o r  vii -~ t ewa  to

~ re - i tm !eni t Cou mp onents

/ .-
~ - 

- - .~~- — - f- - . 5 -

1. Tracked vehicle i-ash facilit y

a. Venic le preparation area--l U gpum (38 . 7mm ) icr stat ior~@ 12 st— i t i o r m s  = 120 qpm (454 i/ m m )

b. E x t e r i o r  wash fac il ities - -30 gpm (114 -1 m m ) per hose @
l i s t - s per station @ 6 stations = 360 gpmn (1363 u /mm )

c . 1- i xl fbi- - flow qene rated -1 -Pt q pmm m (1817 - / m n i i  n

2. kidl O r - !  i red vehicle wasn faci l i f:’

a. Veh icle preparation ar e a— -lO gprn (38 /nnin) per station
i~ lb s ta t i o n s  = 160 gpm (606 Q/min)

b. Lxter i l l r  washing fac il iti e s-— 18 5 g lum (700 - / nh in )  per sta-
t i or i  i~ three s tation i - SOh gpmn (2101 - h e m )

c. Ilax m m n u ir ~ flow genera ted 715 gpm (2707 . / mi n)

— - - ~ 
— -  - 

-
. 

. - . ‘-  I , -
- S .~~ ~- :  - ‘ 7 ’ ?5~ ~ . 

- 
- , - —

-
~~,t (American Society of Civil Engineering , 1- l i d ).

48

_____________ --
~~~~~~ ~~~~~~~~~

. - . 
~~~~~~~~~~~~~~ 

— - -



~‘erii - fl lnl (1) , / mn m i ii) frame a 11 d r c a S

-
, I -  - - 1

1. Tracked vI-nii c l e wash facility

a. M c ~ . im - u u m u washing period -—200 vehicles per 24 hours @ 0.5
hours Tier vehicle per prep station @ 12 stations 8.33 hours
per day

b. Assum ed percentage use—-67 percent for vehicle prep
area~ ou p e r c e n t  for exterior wash area

c. Average flow = 24,300 gal (91 986 ~
) per each wash hour

2. -~hce le d -v eh ic le wash facilit y

a. tl a ’im n um washin g period—— 500 vehicles per day P 20 ve-
hicles per hour per e x t e r i o r  wash s ta t ion  P three stations =

T3 .33 niour s

b. Assu m e d  percentage use--90 percent for vehicle prep
irea ; u ) percent for automated exterior wash facilities

c. Average flow--38 ,6l0 gal (146 155 ) per wash hour

on the bas is if observations and data collected during the sum ui —
- Icr -) iii 1)/ i  and 1976 at Fort dr ir - , wastewater characteristics for
t r c a t r n - n m t  u n i t  desi gn are assumi med to be as fol lows :

Avera ge volu m e of sedimn ient deposi ted per tracked vehic le-  -1.0 cu
f t  ( .02 m t)

; ,7l- n ; -  volum e of sedimm ient deposited per rubber-t ired vehicle --
0.1 i- i c  f t  .002 in 1 )

Average free oi l  i o ncemi t ra t ion - - 20 mm mq / Q

- - - . fm ‘u — 
- / i. • -

. 
‘ - 

- -
.

1 . In a ked ~~h i d e  wash f i c  i i i  ty

a . S 1 udge S to r i  go req u i riun ii ( ni ts
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• Tt- ; i ) i ) vehicles 1 . i c u  f t
- x 180 I L L  f tse ason  v~~P i l i e

~4800 v eh ic les  
- 

.02 mmm l 
— 

~6 ~se~~un ‘
~ veh ic le  - I

Al low for a sludge 5t~ r c je vo lum n m e of 1600 cu f t  (45 m i)
w i fri s lud ge I- em mi va l ( arr ie d out ten - - ce t u n e s  per season.

b. Vi i lum: e requi re r - e n i t s  for des ign sediment storage p1 u~- 2
hour - . detenti on at des i go ave r a g e  f low :

Vol ume to ta l = 

~T 
= l6l )~) cu ft + V 2

(V
T 

-
~~~~ m 1 + V

2)

- - P - I  i t h )  gal  P h rlu m : e o~ 2—hour detention = V = -. x2 hr 1

x 
~
‘ ~~~~~ = 6497 cu ft

- — 
1)1 986 f 2 hr .02 m tm

- - - -

~~
-
~~~~

-
~~~~ x ~~~~~

- - x 28.3 .
~ 

= 130 m

c. Requirements for oil separator chaumber

(1) t4astewa ter characteristics

- I I~ ( ç= Design average flow = 
hr ~ ( i4.2 cf m )

T = b C  
~~ h [2 mmm 3 /flhi n])

~I) e ( i f 1 c  g r a v i t y  (Sw ) =

Absolu te viscosity ( ; . )  = 1.3 c e n t i p o is e s

M~~, j u r u m  allowable horizontal velocit y (V
H
);

V e l o c i t y  ho r i zon ta l  V 0 
= l5v~ (2.0 f )e - [.9 m/nminl

m m i i I m nn u r m i
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(2) Oil g lobule charac te r i s t i cs

Diameter (D) = 0 .015 mu 3

Specific gravit y (5) = 0.9078

v~ 
= n a t e  of rise of oil g bobu les under specified

con d i t ions  (tp nn )

v t 
= 0 .0241 ~~~~~~~

= (0 .024 1)  ~~~~~~~~~~~~ = 0.167 f p m u ( .05 m/ m in)

M ax imum rm horizontal velocity (V FI )

15 v t 
= 15 x 0 .167 = 2.5 fpr n m ( . 7 6  m/mi n)

Use 2.5 fpnm ( . 76 r n / mu m)

Design factor  (F) ~

- 2.5 - 150. 167

F = 1.67

t’l ini m m m u m - i cross-sectional area (Ac)

Ac = = 2 1 .7  f t 2

:1 . Slud ge storage depth

Assum e width W = 20 f t  (6 m)

Ju l U l u l -  si udqe = V SL 
= 1 6 )1) cu ft (45 m 1) = (20)

( t i  ~~~~~~ 
. 0 ) (d = depth)

Depth sludge dSL = 1.0 ft (.3 m)

n- ; . -~ 
- 

o - - - -
- - - - - u .~~, Vol 1 , “Li quid Wastes ” (American

P et r o le u m  In- .titute , 1 1169), Chapter 5, p 5-5. “F” is an empirical design
factor compensati ng for ~ffe 1.5 of  turbulence in oil sepa ration bas ins.
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t .  Bas 10 (1l5 t I m

. 1 c -  t l . l 1  V TOT i-f lU!) cu ( t ( P / i  m m )  (20)

(~
t~ J 3d I 19

) (d i l t - j i  t i )

d ep t h  = 1 = 8.0 f t  (2 . 4  in)

~- t . l l -  d 10 f t  (3 m) - u hi ch al lou-i - f o r  2.0 f t  (.6 in) of
I rio-bo ard .

Ca~~in length L 1 = 40 3d 40 + ( 3 ) ( 1 0) = 70 f t  (21 in)

Oi l  s e p a r a t i o n  chambe r

~ n i m u u m  c r o s s - s e c t i o n a l  area rellui r - i l - -2 l  .7 sq f t  (2 .02  ni

U s i r m - ~ two i: n m a r~n i e ls. each 10 ft (3 in) wide by 3 ft (.9 m)
d e l .

54 .2  un-V 11 A 
= 

~~~ ~ 
= 0. -i fp imm

(V
H 

= = 
1 . 5 3  m7 m in  

= .27 in/mm )

V H 
= 

o H  
= P .4  F = 1.37v , 0.1 (7 1

Oil l I l c l : i f l -r 1 l n 1 q t ~ i L~ 
- _

~~~~~~~~~

- = ~~~~~~~~~~~~~~~~~

-~~~~ = 22 ft (6 .7  m m ; )

To t - il 1 ’nmcj th of basin = 92 ft (27.6 rmm )

2. •-Iiceole d -ve hic le wash f a c i l i t y

a. 51 udqe s t i c r , m l j r  t ’ e j i i l  rei u i ’ n i t ~

l i i 4 v~ h ir es 0 . 1  
i i~ c - ~~~ 

m )  - 1765 cu f t  (50.0 mm ’)

Allow for c s ludge s t o rc l ; l -  vo l u m mm e o f  1 800 cu ~t (51 m 3)
w i th sludge remim ova l once per season .

52

— 
— -.~~~~~~~~~

- .
--

. — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘C’~~ ~~ 
‘ - —



b. ‘- J l ilum :me r~IIju ire m :me nt 5 for design sedimnent storage plus 2
u i i i n - . detent i  on at des ign ave rage f l o w

VT = 1800 cu ft + V .,

- 38 ,610 j al 2 hr 1 cu f t
= -— 

hr 
- X -T - - 

~ = 10 ,3/-I cu t t

- 146 155 P 2 hr .02 in 3
( 1

2 
= 

hr X 1 X 22 . 6 -  
= 204 rn~~

V 1 + 1800 + 10 ,324 = 12 ,124 cu ft (~ 13. ~~~ i)

c. Requ I r i -muue n t s for oil separa t ion  chamber

( 1 )  W astewater  cha rac te r i s t i cs

~~‘ 1 1 — - 1Design average f low = ‘~~~ -
~~~~~

- - (86.1 cfnin )

T = 10°C = -
‘ 

[2 .44  m m m 3/m in i ] )

f peci f ic g rav i t y  (Sw) = 0. 91-2

Abso lu t e  v i s c o s i t y  ( u )  = 1.3 centipoises

P l a , i i u t i m  al l- - u - 1~~ble r i r izonta l ve loc i t y  (V H )

= l5v~ (3.0 fjm n l m [.9 rn/mm ] mna -~imum n1

(2) Oil globule characteristics

Diam mi eter (0 )  = 0.015 &

Specific gravit y (So) = 0 .9 0 7 8

= rate of r i se  iii oil qlobu les under specified

condit ions ( fprn)

v~ 
= 0.167 fpnm ( .05 ni/mm )

Use the samume qenera l configu r- c f ion t or the basin.

d. Sludge storage depth

A - i c m e  width = 20 f t. (6 mu)

1~ 3

- ~~~~~ -~~~~~~~
-—- .~~ —_ -
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Volu mir e sludge = V SL = 1800 cu ft = 2O( *~ 
t 3 ~ ~~~~~ (d =

depth)

rlepth sl m c d i j i  = dSL 
= 2.1 ft (.64 m)

l~ . Bas i n depth

Volu l u me t i ;
~ al = V T 

= 12 ,124 = (20 ) ( 40 + 3d f 40 ) (d =

1 ) 1 - 1 1 t h)

d epth = d = 10.8 f t  ( 3 . 3  m)

-taH- d = 13 ft (4 .0  mu) -wh ich allow ~ for i~i p r m m i i m a t e l - y 2 it
( . 6  in) of freeboard .

Basin Length = 

~l 
= 40 + 3d = 40 + ( 3) ( l 3 ) = 7 )  ft ( /1 .1 in)

Oi l  - -- ep a ra t ion char i - - r

- l i n i j iumi c u -  cross—s r i  t ional  required (Ac)

Ac = = ~~~~~~~~ = 34. 4 sq f t  (3 .2  o r )

Using t - ~i chann els each 10 f t  (3 m) w ide by 3 f t  ( .9  m)
deep

- 
1
~T 86.1 -

Ac ~~ 
= 1 Ho f pm m m (.43 rn/nun)

= ~~~~~~~~~~~ = 8.6, F = 1.47

F(V )d
Oil chamber length = L2 

= -~~~~~~~-~~~~ = (l.47)(8.6)(3) = 38 f t

(11.6  mi t )

T o t - i l l l - n u i j t h  of bas in  = 117 ft (35 .7  mu)

q. Oil remmm oval equipm nent

(1) Tracked vehicle wash facilit y

(a )  Oil remnmova 1 r a t e — - i  ssu mne 100 l - rren t remova l
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2 O m ~j~~o i l )  
~ 

i - u - ( i i i] )  x l~~ rk .9 P )
-

- 0. 90 72 jr 1000 rug

1 ~ al ( 3 . 7  ij oil  3 .7 9  -• 1 -P
- 

~.Jo~7 ToflT~ 
x qa1 X X

: , 30 m )  3
~m n

1
~~~

f l0  1) 
= 0.P4 gal (.16 t )  O1~

Each unit mnus t be capable of rem - moving a minimum of
0.5 gal of o i l per hour. (Design for 5 to 10 gal (13.7
to 37.8 ~

) of oi l  rem ova l  per f lou r  for each unit to ha ndle
peak oil loadings resulting from spills or dunm ~~~.

(b) Oil  storage capac i t y

At maxi mni umn m usaqe

x ~~~~~~~ ~~ 9 galhr 1

( ? J  
~ 

16.7 hr 
= 

~~~~~~

Use a 500-gal (1893 - ) underqround storage tank.

(2) Wheeled vehic le  wash f a c i l i t y

(a)  Oil rem imoval r a t e

0.54 Jul 
~ = 0.-I gal/hr

= 3.3 -/hr)
p 

ari l  uni t  lu .  t be capable of removing a minil- lu i m of
1 ‘j ab (3.7 ~) ii! oil O I l  hour. (Desi g n for 5 to 10 gal
1 0.9 tm) 37.8 -- ) Ill oil rermioval for each unit.

(b) Oil storage capaci ty

At - a x i m n u m m m  usage

O .9 d 1 x 16.67 hr = 15 gal
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x 16.67 hr = 56.7 2 )

I I - c -  -t 500 gal ( 1293 - ) underground stora ge tank -

- - - c- - - ‘- 
-
• / Pit - 

- 
- :.~~~ -

An a l r l - r m u a t i v , - to t i l e  sloped forebay sedimentat ion basin design
2- - c r ibed  p r r - v i i i c - l y  u- j - i u )d be one that is rectangular  in plan w i th

sedi ment r i - o va l  acco m pl ished by externa l pum ping, SU e Ii as  by a Vac-
A l l  f r o c k .

1. Trac T -- C vehicl e wa - h facilit y

a. 51 ud - je storage requi r i-u-me ni f -  : 1600 cu f t  (45 . 3  nm ’ ) w i t h
- e i -u ov t l ca r r i ed  out three times per season.

b. Pu i lume reguirem mients for design sed i m en t  storage plus 2
hours de ten t ion  at design average flow.

Volu m nie required = 1600 Cu ft -n- 6497 cu ft

= approximately 8100 cu ft

= (45 .3  m 3 
+ 184 in3 = a pprox imate ly

229.3 m m )

Try a tota l depth of 10 ft (3 m) with 2 ft (.6 in) of
freeboard and a len gth /width ratio of approxima tely 2.

(8)(/w)(W) = 8100

= 5 l 1 f, 3

W = 22.5 ft (6.86 in) ( M a k e  W = 20 f t  [6. lm])

160 L = 8100

L = 51 ft (15.5 in) (Make L = 50 ft [15.2 m])

C. l l r i j form sl ud jI - i l l - u l t i l

dsL 
= ç~- ç ~

-
~ 

= 1.6 ft (.49 iii )
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24 ,300 ~ al 24 hr 1d. Overflow ra te = — X -a--— X

— 
91 9~~~~f~ 2 24 hr 1

hr day X 05.2 m~Jf6.l mri Y~

= 533 ga l/ day/ sq  ft (= 23 810 - / d a y / i

e. For wastewa ter sediment assumed to have a spec i f ic  g rav i ty
of 1.67 and a dianneter of 100 microns at a water temperature of
10 C.

Settling velocity = ~~~~~~~~~~~~~~~~~~~~~ m)

Minim num surface area required = 
2~~~PO ~al 

~hr 7.48 gal

1 hr 1 secx ~~~~~~~~~~
--

~~
-
~~

-
~~ ~ 0.009 T~~ 

100 sq ft

(91 9362. 0.28 in 3 1 hr sec — 7

hr 28.3 2. 3600 sec .0027 m m

T herefor e, basin surface area as computed is adequate.

2. Wheeled vehicle wash facility

a. Sludge storage requirements : 1800 cu ft (51 m 3) with
slu dge removal once per season.

b. Volume requi rements for desi gn sedi men t stora ge p lus 2
hours detent i on a t des ig n avera ge f low

V olume required = 1800 Cu ft + 10,324 Cu ft = 12 ,124 cu ft

-- ~~~~~~~ (= 51 in 3 + 292 in3 343 in 3 )

Try a total depth of 12 ft (3.6 in) with 2 ft (.61 m) of
freeboard and a l ength/width (L/W) ratio of approximately 2.

(bO)(2W)(W) = 12 ,124

606.2

W = 24.6 ft (7.5 m)(make W = 25 f t  [ 7 . 6  in ])

250 L = 12 ,124

L 48.5 ft (14.8 m) (make L = 50 f t  [ 1 5 . 2  in])
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c. m i  for u m sludge depth

Sludge depth dSL = C5oTC�5~) 
= 1.4 ft (.43 m)

38,610 ga1 24 hrd. Overf low rate = - - --s- -- x 
~~~~~~~~ 

x r~ TtTJ~~f~
= 741 gal/day/sq ft

146 155 • 24 hr= - - - --
~~~~~~~

— x da~~ 
X 0 T C ~~~

= 30 364 -/ day / m 2 )

e. Minim im um surface area requirements

311~hlO ga i l c u ft x ~~~~~~ - = 1 59 3 s fthr X 3600 sec x 7.48 gal 0.009 ft . g

142 857 J 1 hr .02 in n
1 1 sec 2x 

~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~ 
x = 14.3 in

Therefore , basin surface area as com puted is adequate.

f. Equalization basin sizing

Tota l avera ge flow from washrac ks 24,300 + 38,610
62 ,910 gal/ hr (238 140 - / h r )  of washing

Total volumm ie of flow over maximum 2 days of washing =

62 , 9 1O~~a1 x i_ = 1 ,049 ,000 gal

(233 140 1 
-~-~-7-_’ii = 3 969 794 ~)

Allow filter to treat a volume of 82,000 gal (310 404 
~
.)

p’~r 0-hour period or 164 ,000 gal (620 808 u .) per 16-hour period .
To a l low for  stori nwater accu m ulat ions and recycl ing of f i l ter ef-
fluent through the basin , allow for an active storage in the basin
of 1 ,000,000 gal (3 785 412 ~).

Allowin g 2 ft (.6 in) depth for sedimm ient storage , try a
ba-~e w id th  of 100 sq ft (9.3 rim 2) an d allow 3 ft (.9 m) of freeboard
(see Fiqure B3).
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EARTHEN EQUALIZATION BASIN

~~~~~~~~~~~~~~~~~~ 
GAL -

loo t,.
(30m)

Figure B3. Earthen equalizatio n basin.

Sed i ;- i er mt storage @ dSL + 2.0 ft (.6 m)

V SL 
= x ~ = 22 ,544 cu ft (638.4 m 3 )

Je; t fl of a c t i v e  s torage

(U~~~~~ Lll2.i 6dJ2 d l~~~ O ,OPO~~~~ = 133 ,690 cu ft

= _1Z—~~~~ = 3785.7 cu in)

d = 7* ft (2.1 m) (rmu ake d = 8 ft [2.4 in])

Use 13-ft (3.9-in) deep basin

g. Dosing chaumiber

M a xi u m i u r m u of three a pp l i ca t i ons  per day at a 3- in.  (7 .6 -cm)
depth

Filter area = 43,680 sq ft (4058 rim 7 )

Use four filters of l m ) ,920 sq ft (1014.5 m )  each

1 ) 11

- -- --—-.
~~~~~~~~~ - --.. .— - - —----- - —



-
~ ~,b2() sq f t = 7.485 gal cu/ft x 1? ~~~~~ 

x three ap-

p l i c a t i o n s  per day 245 ,209 gal / day
/0.3 • 7 . 6  tnt( 4058 urn x 

~~~~~~~ ~ ~~~ ~ m m~,’~u u x t hree

applications per day = 1)25 224 --/day )

For three appl icat ions , the volume would be one -third of
the flow divided by the number of filters . 7

245 ,209 gal x 1/2 x 1/4 = 20,434 gal

(928 217 - • x 1/3 x 1/4 = 77 351 2)

20 ,434 gal x 7~
l~4~ ~~~ ft  = 2,730 Cu ft

(77 351 v x ~
_QPL!~~~~7 7 m 3 )

For a 10-ft (3-nm ) deep chamm iber square ~~~~~~~~~~~~~~~~~
- - - — -

v77i f~~u f f/ l0  f~ = 16.5 ft (/77.3 m 3/~ n~ 
= 5.0 m)

Therefore , the dosing chammther size would be 16.5 ft (5.0 mu)
x 16.5 ft (5.0 in) x 10 ft (3 in) deep.

The ra te of di sc har ge from the dos i ng chamber a t avera ge
head is usually about 1 cfs (.028 m 3/sec) per 5000 sq ft (465 m 2)
of filter area dosed. ”

Four filters @ 10 ,920 sq ft (1014.5 m n )  =

= 2 .184 cfs
1014.5 iii

= 465 u 7 ~~~~~~~7~ec = .062 in /sec)

Use 2.0 cfs (.056 mn ’/sec) for discharge sizing from dosin g
chamber.

2O cfs - 9762.2?11 x 10~~ cfs /gpmn - 8 . gpm

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ No. 36 (ASCE Manual , 1959), p 181.
R 

, ;. - ,
~~~~

, -  ‘ y • t  -Pm - -fr/ f ~~~~~~ : - / ~~~~ 1 J P / j  p 181 .
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.056 in ‘/ - ,ec -

6 . 3  x l O ~~ /s ec /3 . 7~ / mn i~ 
= 3,398 - /mn in

Therefore , time to discharge chamber =

20 ,434 ~a 1 
~
i7 351 -L = 23 ~ m n097.6 gpni ç3398 - /ni in)

Inf luent to dosing cham ber from equalization basin should
) me less than the effluent for good siphon operation; therefore ,
consider ing a 2 .0 cfs (.056 m 3/-ec ) discharge , the influent pump
- m o u l d  he about 1.0 cfs (.028 m t /sec).

; - - — — ( -
~~~ - 

- 
~~~ 

- - 
- 
t - -

The filter area is divided into four equal rectangular segments
with dimensions of 210 ft (64 in) by 52 ft (15.8 m). The walls should
be ... ~ 9-in. (22.8-cm) thick reinforced concrete on footings. No bottom
or bottom liner will be required . The sand will be within the range of
40 umin x .22 mmmii i layed in a 3-ft (.9-rn) bed with a minimum of 1 ft
(.3 m:m ) of freeboard . The unde rdrain collection system will be the mani-

— fold type , using open jointed tile.

A detention basin will receive the water from the filters. The
basin will have a vo l ume of 35,000 cu ft (991 in3) with a depth of
4 ft (1.2 m)

= 93.5 ft if square (v~~T~~7T~2 in = 28.5 m)

~lote : Site and/or pumping for return to equalization basin may
require rectangular configuration.

Pumu mps will be required for recirculating wastewater to the equal-
ization basins as required . Norma l discharge is to surface drainage;
howeve r , this basin will be the source for recycling wastewater to the
washing operation if future economics justify this option.

~~ r: ~~. Steel , ~V - - i ;P4 i  [ / 1  - tnm t 1 - s r . n~ (McGraw-H ill , 1960), Chapter
24.
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APPENDIX C: F I LTER SAND ANALYSE S

I. Ident i f i (a t ion

Sauuj l e No. Location

Vicinity of Washrack No. 2090
For t Drum , NY

2 Wheeler - Sacks Airport , Sou theas t
Fort Drum , NY

3 W heeler - Sacks A i rport , Northeast
For t Drum , NY

4 F l ick Pit
Cla yton , NY

II. Mec han i cal Anal ys i s
(see Fi gure Bl) (see Figure Cl)

Sieve Size Samp le 1 Samp le_2 Samp le 3 Samp l e 4

3/8 in. (9.53 nm )  100.0 100.0

~4 ( 6 . 3 5  mm) 99.8 99.2

~lO (2.54 nm) 99.1 100.0 100.0 92.0

#20 (1 .27 mm) 91.6 86.3 97.2 70.0

#4Q (.64 mm) 42.8 39.1 64.5 36.1

a~ Q~ ( .25  mm) 2.1 5.6 7.7 4 .2

.. #200 ( . 1 3  mm) 0.7 0.3 1 .9 1.4

Uniformity
Coefficient 2.4 3.0 2.5 2.9

Effective Size (D10) 0.21 0.20 0.16 0.23

III. Specific Gravity

Sample No. 1 Specific Gravity = 2.61

No . 2 = 2.68

No . 3 = 2.61

No. 4 = 2.66
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i~~. Co ns f ~n 1353d Perm ’~- - n t - i1 i TeY

~a mmp l  e f Tc - - 
* 

~~ i o n  ml ~f i  - js t o n -  * - Dc - n - , it  - c - -  I r i - - m m ’ of
Con~~-n mf -

~ =)  f 
- _m :  ‘j  Pe rr- e a bi1 itj ( ~ uu/s ec)

1 .0 103.1 [ l f h l  .5] 2. 1 10 2

2 0.7 105.5 [1 1 - --~u . -2] 4 .3 ~ 10 -2

3 1.5 99.3 [lD-h .6] 5.1- ~ 10

4 2.7 10~~9 [1600.2] 1.2 x 10 -2

i l was compacted into ~he pernm ieab il ity apparatus (1/30 cu f t  [.001 in1]

proctor mold) at the n - m ois t or e  content of the baq sample. The soil was
~iaced in the mold in two layers and ou upa cted with the standard proctor

m I m r m l - r  at the r a t l -  o f  f m - n  blows per layer.

1) 1
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