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Block 20 continued .

~~~~~~ 2. Provision of a separate , industrial waste—co llection system
with centralized treatment of collected wastewater.

3. Repl acement of the existing washrack system with one or two
consol idated tactical vehicle wash facilities that have centralized
wastewater treatment for discharge or recycle.

Alterna tive 3 was selected as having the most potential for provid-
in g an efficient means to regulate effl uent discharge. Based on this
cons i dera ti on , concept designs for in—hardstand maintenance facilities
were developed . In addition , preliminary recommendations for the design
of wastewa ter pretrea tment units were developed , under the assume d con-
dition that gravity separation alone would be sufficient to regulate ef-
fl uent di scharge to an insta llat i on ’ s’~ an itary sewer system.
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FOREWORD

Th is report was prepared for the Directorate of Military Programs ,
Office of the Chief of Engineers (OCE), under Projec t 4A762720A896, ‘En-
vironmen tal Quality for Construction and Operation of Military Faci l i—
ties” ; Task Area 02, “Pol l ution Abatement Systems’1 ; Work Unit 009, “O i l
Pollution Control at Military Instal lations. ” The app li cable QCR i s
3.01.004. The OCE Technical Monitor was Mr. A. P. Norwood .

The report was prepared by the Environmental Division (EN) of the
U.S. A rmy Construction Engineering Research Laboratory (CERL).

Dr. R. K. Jam is Ch ief of EN , COL J. E. Hays is Commander and Di-
rec tor of CERL , and Dr. L. R. Shaffer is Techn ical Director.
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I i
IN-HARDSTAND TACTICAL VEHICLE MAINTENANCE
FACILITIES -- CONCEPT DESIGN AND PRELIMINARY
RECOMMENDATIONS FOR WASTEWATER TREATMENT

1 INTRODUCTION

Back ground

Oily wastewater from motor pool operations originates princ ipally
from the i mproper handli ng and stora ge of new and waste o i ls , front vehi-
cle and equ i pment washing operations , and from var i ous other ma i ntena nce
activities that generate liquid waste or wastewater which must he stored
or treated. Results of a survey 1 conducted i n FY77 on o i l pol l ution
control problems at Army installations focused on the need for an im-
proved means of handl i ng tactical equipment waste oils. The study de-
term i ned that ma i ntenance-type cleaniny operations performed on existing
washrack fac ilities required the use of a variety of solvents , indus —
trial and domestic cleaners and detergents , and diesel fuels. Since ,
under present operating conditions , both motor pool shop drainage and
washrack dischar ges are generally directed to storm water col l ection
systems with little or no treatment , it is impossibl e to achieve the ef-
fl uent limitations pl aced on these discharges by regulatory authorities.

There are several al ternative plans for controlling waste dis-
charges from motor pool veh i cle washing and ma i ntenanc e clean i ng ac t iv-
ities:

1. Pretreatment of waste discharges from existing washracks and
motor pool shop drains with effl uent discharge to the sanitary sewer.

2. Prov ision of a separate , industrial waste—collection system
with centralized treatment of col l ected wastewater.

3. Replacement of the exist ing washrack systems with one or two
consol idated tactical vehicle wash facilities that have centralized
wastewater treatment for discharge or recycle.2 Ma i ntenance and in-
spection cleaning functions would be performed within existing shop

1 Survey of Oil Pol l ution Control Problems at Army Installations , Draft
Engineer Technical Note (Office of the Chief of Engineers [OCE],

2 1977).Consol idated Facilities for Washing Tactical Vehicles , Engineer Tech—
nical Note No. 77-14 (OCE, 10 August 1977).

7 ~~~~~~~~~ twr
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buildings or at a small washrack or maintenance cleani ng facility within
the hardstand area.

Implementat i on of the washrack consol idati on p lan idea ll y woul d
segregate waste sources; i.e., it would separate dilute high—volume
wash i ng was tes f rom concen trated , l ow-volume ma intenance cleaning
was tes , if the latter were produced using l ow—volume cleaning equipment
within existing buildings. It is probable , however , that nany exist ing
shops cannot handle the maintenan ce requirements of the vehic lrs as-
signed to them , ei ther because of ~hysica l size or facility li ~ itations ,
or because of their present methods of operation. Retrofitted mainte-
nance facilities as described in this report can be used to expand a
given shop ’ s m a i n tenance c le~ning capability .

Object i ve

The objective of this report is (1) to describe concept plans for
providing improved waste oil handling and ma i ntenance cleaning capabil-
ity for tracked and wheeled equipment as retrofit facilities for exis-
ting shops , and (2) to make preliminary recommendations for wastewater
treatment of projected discharges from these facilities.

~pproach

Th i s report deta i ls a prel imi nary con trol conce pt study wh i ch was
conducted in the following steps:

1. Activities which comprise Army motor pool tactical maintenance
were defined , ma intenance schedules determined , and major ma i ntenance
differences between tracked and wheeled equipment were identifi ed.

I

2. A method to determine the amount of waste oil generated at any
given Army motor pool was devised . The relative magnitude of the quan-
tity of waste oils produced by various units , as wel l as the cran kca se
and transmission oil capacities of various wheeled and tracked equipment
was determined.

3. Ex isting oil—changing facilities and waste oil and storage
equ i pment were surveyed and the nature of the effl uents produced by 

jthese fac ilities determined .

4. Concept designs for in-hardstand maintenance for tracked and
wheeled equipment were developed ; operational sequences for these facil-
ities were developed .

5. Waste oil storage facil ities for use with the proposed in-hard-
stand maintenance shops were designed , including consideration of van-
ous methods of wastewater treatment. A prototype test facility will be
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constructed to study wastewater characterization and treatabili ty and t o
refine proposed design criteria.

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

Design criteria for the miti gation of oi l-con ~aminat .ed wastt’wa t.u’rs
at tact ical vehicle maintenance areas will be publ i shed in an Fn gine r
Techn ical Letter.
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2 DESCRIPTION OF MOTOR POOL MA INTENANCE
OPERATIONS AND EXISTIN G FACILITIES

In this report , td ctic al vehicle mainten ance operations are defined
as the chan gi ng of cr ankcas e, transmission , and find l drive oils; th e
changing cf filters ; greasing operations; radiator flushing; and the
cleaning of engines , engine packs , engine compartments , wheeled vehicle
undercarriages , gun tubes , etc. , for the purpose of maintenance , in-
spection , or repair. Within a given motor pool at an installation , the
number and diversity of these operations depends principally on (1) the
number and type of tactical vehicles assigned to the unit occupying the
shop, (2) the order or level of maintenance to be carried out by the
unit , dn d (3) the frequency of vehicle usage and equipment breakdown .

Operat in g Proce dures and Frequency

Operating procedures for maintaining tactical equipment vary sig-
ni f ic an t ly w it h the type of equ ip ment be i ng processe d . In genera l , how-
eve r , these procedures can be categorized in terms of maintenance per-
formed on tracked and wheeled equipment , s i nce the ma jor di f fe renc es i n
methods of oil changing and cleaning occur between these equ i pment
types.

/ ,~ /(~k(~ I I ; ( f O / f  )
~T/ ( 0 t

Ma i ntenance operations performed on tracked equipment are rela-
ti vely com p lex com pare d to those for wheeled equ ip ment , and represent
the greater pol l ut i on-control problem . In general , the engine and
transmission oils of tracked equipment are changed by removing the
engine pack (integral engine and transmission ) from the vehicle using
either an overhead traveling crane or retriever-type equipmen t .. Oils
from the f i nal drives , which are adjacent to the drive sprockets of the
track assembl i es , are also removed. In addition , the engine packs and
eng i ne com partments are steam cleane d or hose washe d -- general ly w it h
the aid of solvents or detergents. The engine pack is then either re-
un ited with the vehicle or returned to the shop for further work. f -

The frequency at wh ich maintenance is scheduled depends on the type
of tracked equipment being processed . For examp le , the followi ng is the
schedule d ma i ntenance frequency for t racke d equ ip men t com pr i s i ng an a r-
mored batall i on:

Tanks. Tanks are ma intained by platoon (six vehicles) on a quar-
terly bas is. However , only two of these quarters reporte d ly i nvol ve the
chan gi ng of veh i cle o i ls and the cleanin g of engi ne packs and engine
com partments.

10
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Armored Personnel Carriers. For lhese v e hi c le r , , engin e and  T r i o s -
mission oils are changed ann u ally or every 750 miles. For water—cooled
equipment , engine coolant is changed annually or as required.

Other_ Trac kedI~[ui pment. Engine and t.ran srn issi or i oils ~ri~ charlqe d
twice annually. Engine coolant , where used , is changed annually or dS
requ i red .

W7ze’? l~
(, I  ; f ~~~~~ /

Wheeled equipment is subject to three scheduled maintenanc e oper—
dtions annually. Eng ine oils are changed sem i— annua ll y or after the
passage of a designated number of miles. Engines and underc arriages are
apparently cleaned only for inspections , to aid in the location of oil
le aks , and when preparing vehicles for higher -ordered maintenance.

~~~~~~~~~; / ~1~~t ‘ f ;  1, 1/

The number of unscheduled maintenance operations required h.y tacti-
cal equipment is difficult to pr edict. Data obtained from th e 9th
Infantry Division Artillery at Fort Lewis indicate that tracked equip-
ment car’ be expected to require some sort of unscheduled maintenance ap-
proximatel y 40 times innua ll y; unscheduled maintenance for wheeled
equipment occurs approximately twice annually. In terms of totd l number
of maintenance operations , these data indicate 44 maintenance operations
per tracked vehicle and five operations per wheeled vehicle , annu a lly.
I~ i s p ro bab le , however , that engine oils are changed infrequently
during unscheduled maintenance operation s. It is therefore assumed that
engine and transmission oils are changed twice annually for tracked and
wheeled equipment.

Waste Oil Production

The amount of waste oil generated annually at any given motor pool
was estimated by determining the com positi on and service requirenients of
the vehicles from each unit assigned to a motor pool and applying a
factor to account for oils consumed during vehicle operation or retained
internally within eng i nes , transm i ss i ons , and filters. To estimat e the
relative magnitude of the quantity of waste oil produced by various
units , crankcase and transmission oi l capacities for the various v ehi—
d es listed in TM 9—5OO~ were applied to vehicle counts obtained during
a motor pool survey conducted at Fort Lewi s in 1977.

Data Sheets for Ordnance Type Material , Technical Manual 9-500 (Head—
quarters , Department of the Army , 1967).

: 1 
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Tables 1 and 2 list information on crankcase and transmis sion oil
capac it ies , as well as cooling system characteristics for various types
of tracked and wheeled equipment. It is apparent from these tabulated
data that new and waste oil handling for tracked equipment has the most
potential for creating serious oil pol l ution-control probl ems if ade-
quate facilities are not provided in the motor pools to which these ye—
h id es are assigned . Table 3 is a compilation of unit vehicle counts
obtained from the Fort Lewi s motor pool survey . Data in Tables 1
throu gh 3, used i 1i conjunction with the anticipated oil changing fre-
quency , provide an estimate of the annual oil usage for various tactical
un its for which vehicle counts are available. Assumin g that 80 percent
of new oil appears as a waste product ,~ an estimate of the annual waste
oil generated by these units can be computed (see fable 3). Although ,
in general , these data cannot be used to determine the waste oil storage
requirements at a given motor pool , they do serve to identify those
units for wh ich new and waste oil handling operations and facilities are

• of particular importance.

Ex isting Oil—Changing Facilities and Waste
Oil Handling and Storage Equipment

h’/o el cr/ lift/U L /  1t/,7fl /

O i l chan gi ng for wheele d equ ipment i s performed on one or more
eleva ted grease racks located within the motor pool hardstand area or ,
at some motor pool s, at serv ice pits located within the shops . The
latter facilities confine oil spillage to well—defined areas , thereby
preventing the possibility of oil-contaminated storm water. However ,
these pits , when not in use , may constitute a safety hazard .

The use of existing outdoor grease rack facilities for wheeled ve-
hicle oil changing operations poses problems with respect to prevention
of oil contamination of storm waters and the efficient col l ection of
waste oils. Since most of these facilities are uncovered , they are sub—
ject to storm water intru sion from adjacent hardstand areas , and , in
general , are not equ ipped to handle or store waste oils.

Tracked liquipr nent

There are no known oil changing facilities specifically designed
for han dling and storing waste oils from t~acked equipment. Oil can be
changed only wi thin those shops equipped with overhead cranes. Where
overhead cranes are not provided , oil must be changed on the hardstand ,
using retr iever-type equipment.

A Technical and Econom ic Study of Waste Oil Recovery, Parts IV, V, and
V I , P8251716 (U.S. flepartment of Commerce, Teknekron , Inc ., October

12
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Table 1

Character istics of Var ious Types of Track-Lay in g Veh icles

Mode of Coolin g Crankcase Transmission

Engine Capacity . Capacity . Capacity ,
Designation General Descri ption 

- 
Cooling Qt (L) Q

~j !~J Qt (1)

M48A1 Tank ,combat ,90 m Air —— 72(68.4) 92(87.4)

M48A2/A2C Tank ,combat .90 m Air —- 64(60.8) 92(81.4)

M48A3 Tank .combat .90 imi Air —— 48(45.6) 76(12.2)

M60/60A1 Tank ,combat ,105 nvi Air —- 48(45.6) 76(12.?)

M107 Gun 1 self-prop ,1?5 nmi li quid NA 26(24.7) 5/s(54.?)

MIlO Howitzer ,self-prop ,8—ln. Liquid NA 26(24.7) 57+(54.?)

M109 Howitzer ,self-prop ,155 rmii Liquid NA 28(26.6) 52+(49.4)

P1108 Howitzer ,self-prop .155 m Liquid NA 26(24.7) .58+(55.1+)

M42/42A1 Gun ,Anti —aircraft Air —— 44(41.8) 44(41.8)

M56 Gun .self—prop,90 m Air —— 11(10.5) 15(14.3)

M53 Gun .self—prop ,155 m Air —— 104(98.8) 96+(91.2+)

P155 Howitzer ,self-prop,8-in. Air —— 64(60.8) 72+(68.4+)

P137 Howitzer .self-prop .105 nri Liquid NA 16(15.2) 30+(28.5+)

M52/52A1 Howitzer ,self-prop,105 m Air —— 44(41.8) 49(46.6)

M44/44A1 Howitzer ,sel f-prop,155 rmn Air -— 44(41.8) 70(66.5)

P184 Mortar ,self—prop .107 n~n Water 56(53.2) 22(20.9) 56(53.2)

P1728 Vehicle ,coinbat engr , Air -— NA 68(64.6)
165

M5 — M5A4 Tractor .high speed Water 80(76) 22(20.9) 48(45.6)

M8A1 — M8A2 Tractor ,high speed Air -- 44(41.8) 72(68.4)

P16 Bul l dozer .tank mounted Air -— 64(60.8) Bo+(76+)

P18 Bulldozer ,tank mounted Air —— 72(68.4) 92(87.4)

P19 Bulldozer~tank mounted Air —— 48(45.6) 76(72.2)

P1578 Recovery vehicle Water 96(91.2) 26(24.7) NA

P188 Rerovery vehicle -- —— 64(60.3) 72(68.4)

P1113 Armored personnel carrier Water 40(38) 10(9.5) 16(15.2)

P157/ — M577A1 Armored personnel carrier . Water 38(34.2) 12(11.4) 12(11.4)

coninand pos’ 38(36.1) 18(17.1)

NA -— not available

13
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Ta ble 2

Characteristics of Various Types of Wheeled Vehicles

Cool i ng System Crankcase
Capacity, Capacity ,

Designation General Description Qt (L) Qt (1)

M170 1/4-ton ambulance 11.5(10.9) 5 1/2(5.2)

1143 - M43B1 3/4-ton ambulance 17(16.2) 5(4.8)

1144,1145,1146, 2-1/2—ton truck chassis 22(20.9) 9(8.6)
M46C .M58 ,M 133 ,
P1207 ,M2 07C

M34 ,M36 ,M36C 2—1/2 ton truck chassis 44(41.8) 18(17.1)
1140,M4OC ,M61 . 5—ton cargo 22(20.9) 9(8.6)

P163 ,M63 C ,M 139 ,
M139C,M 139D

M 135 ,M2 11 ,M35 2—1/2—ton cargo truck 22(20.9) 11(10.5)

1141,M54,M54A 1, 5-ton cargo truck 44(41.8) 22(20.9)
1154A2,M55

14125 10-ton cargo truck 66(62.7) 22(20.9)

P1342 2—1/2 cargo,dump 22(20.9) 10.5(10.0)

1451 5—ton dump 44(41.8) 22(20.9)

1449,M49C 2-1/2-ton gasol i ne 22(20.9) 9(8.6)

M217,11217C 2—1/2-ton fuel servicing 22(20.9) 9(8.6)

11150,11222 2—1 /2-ton water 22(20.9) 9(8 .6~
1148,11221,11275 2-1/2-ton truck tractor 22(20 .9) 9(8.6)

M52 .1152A1 5—ton truck tractor 44(41.8) 22(20 .9)
p 

M123 ,11123C ,M123D 10—ton truck tractor 66(62.7 ) 22 (20.9)

P1246 5-ton wrecker 44(41.8) 22(20.9)

M38 ,M38A1 ,M38A1C 1/4—ton util ity 115(10.9) 4(3.8)

11151 1/4—ton utility 8(7.6) 4(3.8)

P1108,1160 2-1/2-ton wrecker 22(20.9) 9(8 .6)

1162,M62E1 5—ton wrecker 44(41.8) 18(17.1)

M512,11512C,115120 2-1/2—ton shop vans 22(20.9) 9(8.6)
11512F,M512G

-: - 
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Table 3

Estim ated Waste Oi l Generated Annually by Various Tactica l Units

Veh icle Counts Estimated Waste Oil Generated
Un it Design atio i Track Wheeled Gal (L)*

Cavalry Squadron 36 43 800 (3032)

Artillery Battalion 0—5 91—111 400—900 (1516-3411)
(BN) (inf dlv)

A ir Defense Artillery BN 44 115 900 (3411)

M ilitary Police group (GP) 54 100 (379)

Ordnance CO 2 46 400 (1516)

Transportation CO 70—73 300—600 (1137-2274)

Adjutant General CO 29 100 (379)

Signal BN 160-222 600 (2274)

Engineer BN 12-18 214-213 800—1700 (3032-6443)

M i l i t a r y  Intel l i gence GP 21 100 (379)

Armored BN 94 78 3400 (12,886)

Mech inf 811 88 91 900 (3411)

Medical GP 108 300 (1137)

Infantry BN 116 300 (1137)

Supp ly & Transport CO 123 600 (2274)

Aviation BN 46 200 (758)

*Rounded to next highest 100 gal (379 L).

•
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Exieting Waate Oil lkzndlinq and 5’toraq c Equi pment

The waste oil handling equipment at the majority of Army motor
pools consists of 55 gal (209 L) drums cut horizontal ly or vertically;
these drums may or may not be provided with handles. Waste oils are
manually transferred from these drums to waste oil handling tanks at one
or two locations on the hardstand . The holding tanks generally consist
of 500 gal (1895 L) drums located above or below ground. Access to
hol ding tank is usually by means of a 2-in. (51-rn) pipe . Such waste
oil handling procedures and equipment virtually guarantee that large
quant ities of waste oil will be spilled or otherwi se disposed of in a
manner unacceptable under current environment al regulations.

Ma i ntenance Clean ing Operations and Resultant Wastewater Characteristics

Ma i ntenance clean i ng opera ti ons , such as engine pack , engine com-
partment , and wheeled veh icle undercarriage cleaning, are performed
either in shops equipped with functioning fl oor drains Or at the wash-
rack facil ity. Generally, steam cleaners are used in these operat ions ,
if they are authorized and avail able. When the washrack facility is
used for ma i ntenance clean i ng, it is probable that unauthorized cleaning
agents such as d i esel fuels , solvents , and store—bought cleaners are
used to facilitate removal of grit and grime.

Not all motor pool ma i ntenance cleaning operations are water—based .
At Fort Lew i s , the shop occupied by an armored battalion is equipped
with a solvent washer for degreasing small parts; however , since no slo p
sump is provided , spent sol vent is disposed of by dumping the waste down
the shop drain. At Fort Carson , the gun tubes of howitzers were cleaned
after each firing with standard gun bore cleaner until it was found that
hydraulic fluid did a more efficient clean ing job. The Fort Carson
operations are carried out exclusively at the washrack or in the adja-
cent hardstand area.

In contrast to simpl e washing operations in which exterior and in-
terior soil is removed , wastewaters from maintenance cl ean ing operations
can be expected to possess high organic content , surfactant concen—
trations , and grease and oil concentrations , as wel l as residual fuels ,
solvents , and volat ile and inert suspended materials. It is also possi-
ble that these wastes may at times contain certain constituents that , if
present in sufficiently high concentrations , could not be discharged r• into the sanitary sewer system. The considerat ion of these and other •

factors is necessary for the proper design or selection of a pre— P

treatment unit to service facilities receiving wastewaters from ma i nte—
nance cleaning operations.
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3 CONCEPT PLANS FOR IN-HARDST AND MAINTENANCE
FA C IH~ II S FOR TA C TI CAL F QU IPMENT

ck ed E qu~pinen I

The concept pla n for in—h ardst and maintenanc e facilities for
t racked equipm ent is hdsed on the premise that the engine packs of most
tracked equipment are removed from the vehicles as part of the oil
change operation. A 1acil ity l ayout capable of meeting tracked equip-
ment requiremnents for oil changing , engine cleaning , engine compartment
cleaning, and general inspection cleaning is shown in Figure 1. This
facility , which can be built in either one- or two—bay con figurations ,
essen ti a l l y cons i sts of four func ti onal areas :

1. An engine compartment cleaning area

2. An engine cleaning and waste oil drainage area

3. A sidewalk area containing the necessary cleaning equipment and
waste oil holding tanks

4. A centrally located cleaning wastewater pretreatment area.

To p revent storm wa ter from adjacen t hardstand areas from enter i ng
the system , the ent i re facility is elevated above the general hardstand
surface. One or two steam cleaners or hot water washers are provided
per maintenance bay. Since pretreated cleaning wastewaters are to he
discharged to the sanitary sewer , biodegradable cleaners approved and
issued by the installation facility engineer or the Di rectora te of In-
dustrial Operations can be used to facilitate cleaning operations.

“(1~,it~~)eI7 
‘ ft ( ( i~ H(~

The operational sequence for the facility is as follows :

1. A tracked vehicle requiring maintenance is driven onto the
ma intenance platform.

2. The engine pack is removed from the vehicle by means of an M578
or M88 retriever.

3. The engine pack is placed on an engine pack dolly provided as
part of the engine oil change/engine cleaning area. p

4. The engine compartment and all dirty surfaces are cleaned prior
to vehicle maintenance using the cleaning equipment in the engine corn- p

partment cleaning bay.
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FI gure 1. Concept p lan -— trac ked vehi cle ma intenance p latform
for permanent motor pools .
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5. The engine pack , which has previously been pl aced on the engine
pack dolly, is cleane d over the lar ger of the fac i l it y ’s two sumps.

6. The engine pack dolly is moved over the oil change sumnp used
for oil removal and engine oil is replaced .

7. Final drive oils are removed by hand froimi the final drive as-
semblies and discharged directly into the waste -oil holding tank s
throu gh access ports loc ated w it h i n the equi pment i sl ands.

8. The vehicle is either towed off the platform and reunited with
its engine pack or both the vehicle and engine pack are transferred to
the shops for further processing.

A process flow diagram and time study for operation of this facil-
ity is shown in Figure 2. The time study indicates that a single bay
facility could process one tracked vehicle every 90 minutes. (This rate
was crosschecked with prospective users at Fort Carson and Fort Lewi s
and judged to be realistic. )

~“~ote O~ 1 C~ or (; le ( Th ( l  Wee f; ’we / :v Collection

Waste oil storage facilities must be sized to accept all waste oils
(1) discharged into the oil changing sump, (2) discharged from the
equipment island access ports , and (3) skimmed periodically from the
oil/water separation unit. An underground waste oil storage tank can be
prov id ed ei ther wi th i n the boundaries of each equ ipment i sland or at a
si te i mmedi ately outs i de the ma i ntenance pla tform area to collec t waste
oils. Although the size of the holding tank will depend on the rnainte-
nance charac teristics of the unit being serviced and the desired waste
o i l co l lec t i on frequency , it is recommended that a tank with a capacity
of not less than a 1000 gal (3790 L) be used with each maintenance bay.

Clean ing wastewaters are generated at each engine cleaning station
and eng ine compa rtment cleaning bay. As l ow-flow cleaning equipment is
provided (4 gpm or 15.2 L/m per cleaner), it is anticipated that there •

will be a problem with transport i ng solid matter from the engine corn-
partment cleaning bay to the pretreatment unit. However , the transport
of sol ids can be facilitated by connecting the catch basin of the engine
compartment cleaning bay to the receiving chamber of the pretreatment
uni t by means of a chute set at a slope of no less than 4 percent .
Problems wi th solid transport from the engine cleaning station to the
pretreatment un it are not anticipated , as these wastewaters shoul d con-
tain a m inimum of inert solid matter.

19
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The concept plan for meeting the service requirem ents of wheeled
equi pment provides separate areas for oil changing and for cleaning
operations such as undercarriage cleaning, engine cle aning, and radia tor
flushing.

~l CI 1 (
~~~C • I V / / C ~

In general , it is proposed that each motor pool grease rack he out-
fitted with two track—mounted waste oil col l ection funnel s, as shown i n
Figure 3. The screened and covered collection funnel s are connected by
a flexible hose to an underground waste oil storage tank with a minimum
capacity of 500 gal (1895 L). In addition , a covered waste oil inlet
structure is provided in this same area for the disposal of waste engine
oils from those types of equipment that cannot be serviced on a grease
rack. The covered waste oil inlet structure is directly connected to
the underground waste oil holding tank. To prevent oil contamination of
storm wate rs , a concrete curb is set around the perimeter of the hori-
zontal area of the grease rack. Rainfall accumulations in the bermed
area are removed by means of an area drain that discharges to an
oil/water separator. Effl uent from the separator is subsequently dis-
char ged to the sanitary sewer.

Fac ilities similar in concept to the wheeled vehicle waste oil han-
dling system described aoove are currently in service both at Fort
Carson , CO , and Fort Bragg, NC.

7 ‘ L ~~~:f l ((f l  ( Cleanin~j f ” L(~?~ 7? ~ ~~~
The concept plan for providing maintenance cleaning facil ~ties forwheeled equi pment requires the construct i on or convers i on of one per-

manen t grease rack facility within the motor pool for undercarr iage
cleanin g. As shown in Figure 4, the grease rack is bermed and provided
with an area drain discharging through an oil/water separator to the
san itary sewer. Cleaning equipment consists of one stearui cleaner or hot
water washer. Ideally, the facil ity would be covered with a canopy . Ir’
addition , an aux iliary raised washpad is provided for engine cleaning
and radiator flushing in the event that a separate tracked vehicle main —
tenance platform facility is not required within the motor pool .

21
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14 WASTEWATER TREATMENT CONSIDERATION S

Wastewaters generated at the proposed in—ha rdstand maintenance
cleaning facilities can he expected to contain highly variable concen-
trations of floatable oil and grease; emulsified oils; light hydro-
carbons , such as gasoline and solvents ; biodegradable and possibly non—
biodegradable organic fractions; volatile and inert suspended matter;
and surfactants from detergent usage. However , introduction of hot
water washes or steam cleaners should curtail solvent usage during main-
tenance cleaning operations by allowing solvents to he replaced with
biodegradable cleaners and detergents. In addition , this equipment will
keep process waste flows to a minimum , allow i ng storm water fl ows to
generally govern the hydraulic design of the wastewater pretreatment
system .

Since these pretreated wastewaters , including storm- i nduced flows ,
are to be discharged into an installation ’s san i tary sewer system , the
hydraulic and waste treatment capabilities of the sanitary sewer system
must be considered in relationship to the total number of maintenance
facilities to be provided . This factor , together with the as yet un—
quan tified characteristics of cleaning waste streams , mus t necessarily
l imit the discussion of waste pretreatment alternatives to an overview
of the general requirements for pretreatment facility design.

General Requ i rements

Pretreatment units servicing the maint enance facilities described
in this report must be designed to produce an effl uent capable of being
discharged to the sanitary sewer without adversely affecting that
system ’s performance. In this regard , it has been foun d tha t tr i ckl i ng
filter plants can treat infl uent oil concentrations of up to 100 mg/L
without upset , but that activated sludge plants require that infl uent
oil concentrations be maintained at level s below 25 mg/L.5 Therefore ,
this study arbitrarily selected a conservative maximum oil concen tra ti on
of 100 mg/L as the total oil allowa ble in the effl uent from the pre—
treatment uni t.

Suspended solids concentrations from the pretreatment units should
be kept at level s that will not clog intervening sewer lines or overload
the waste treatment plant ’s grit chambers or primary treatment facili-
ties. A compila tion of the raw suspended solids concentrations in the
influent waste streams of 51 sewage treatment pl ants indicates that the
average raw suspended solids concentration is 230 mg/L with a high and

Tabak i n , R. B., R. Trattner , and P.N. Chervernisinoff , “Oil/Water Sepa-
ration Technology : The Options Available , Part 2,” Water and Sewage
Works , Vol 125 (August 1978), pp 72-75 .
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low c o n c e n t r a t i o n  of ‘~1/ mg/L and 110 nq/~ , resp or t ive i y .~ Th t r t o ’  t ’ ,

this st udy se l ~ ed ~~t rtded Sal ids conc ’r itr a ’. ~un i n  the r~ n’~e et  150
to 200 mg /L as t he mua xi ’u~’ a l low ed from the pretre t ment tin i t• ’;

NP) gener~iI 51d te P rl ca n be made w i th  re sp ect to 1 imn i . ing 1) f l c t f l -
t rat ons of d isso lved e r ’ j t n i  cs t o he p1 aced on th e elf uen~ s front pr e—
t reat i r ient un i ts ser v i c i n g  these t a c i l  i t i f ? s .  I ff luent 1 imi~ dt i on s , i f
any, w i l l  u l t imatel y depend on (1 ) the nat ure and concen t rat  t o r t  u t Or-
ganics in the w t .es produce d by th e f a c i l i t i es , and  ( ? )  t h e  I~~ r ‘ of
(lii ut i on afforded by the general domest . c w a st ew a ter  f low. If it is
f ound t hat . he o r i - i n ic loading Contr ibuted by these sources is si qni fi — 

P

can t  in  compar i son  wi~. h the aver qe organic loading fro m i d o m e s t i c  was t e
f lows dt the I rt st •a l 1 at  ion tinder cons i ilerat ion , it m a y  he net es s a ry I I )

perform t t e a  t i ler’  I. St udi P5 to de termine the extent t o  which the ~n . w ste
s t r  n i m ;  a r t  comn pat ibi e.

Genera l Requ irernents for GravJ~~ Se par a t i o n

In the ab~e r c e  of sp ec i f i c  l i m i t a t i o n s  on the disch a rge nf or (Jani cs
t.o the san i t a ry  sewer system , wastewater  pretreat • ment would cons i s t  of
removal of suspended sol ids and total o i ls  (free plus emu ls i f i ed )  t o  he
acceptable l eve ls .  General ly,  this w i l l  require the use of a rec t an-
gular bds in having area l dimensions and depth suf f ic ient  to reitiove f lo —
tabl e o i l s  and sus pended sol ids to the desired leve ls , whi le providing
for ~lud qe and oil storage and removal . If necessary conta m ni nant red ic-
t i ons cannot he achieved through grav it.~’ separat ion , e i t h e r  some for u m of
f i l t r a t i o n  or a d is so lv ed  air f lo ta t ion  system ( w i t h  or wi thout  the use
of chemicals)  would he indicated . However , such alternativ es w omm id not
be desirabl e from the st and point of waste treatmnent unit maintenance.

On the assumption th at gravity separation alone would he - u t  t i c i e n t
to produce the ef f l u e n t  q u a l i t y  desired , preliminary des ign crit e r ia for
suspended solids and floatable oil remmi oval are presented in Tdh le 4.
These criteri a are based on American Petroleum Institute reconmmnen-
dations 7 for removal of oil droplets to 150 microns in diameter , dnd
supplem ented by the techni cal literature and li m ited experim ental data
obtained during this study on the quiescent settling char acterist ics of
various soils a suspended solids concentrations ranging front 500 mg/ L
to 2000 mg/L.

6 ASCE -- Manuals of E~~ ineering_ Pract • ice No. Sewaye T re atmuerm t Pldnt

~ 
Design (ASCE , 1959), PP 90-91.
Manual on osal of Refinery Wastes , Vo lunme on Li quid W as te s  ( A mmi eri—
can Petroleum Ins t it t i t e , 1969).
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Table 4

Design Criteria for Gravity Separation

Overflow rate’: 100 to 900 gpd/ft2 (0.4 to 3.6 Lpd/cm~)

Detention time2: 1-6 hours

Length to width ratio: 3 to 1 (minimum )

Total depth: 4 ft minimum (91 cm)

Mean horizontal velor ty: 3 fmp maximum (1.5 cm/sec)

Oil storage within basin: 1000 gal minimum (3790 L)

Oil skimming: rotary pipe skimmer or portable external skimming device 4

Sludge removal : integral sl udge pump provided or sludge removed
per i odi cally by mobi le vacuum truc k

NOTE S

1. Design overflow rate to be appl i ed to fl ow produced under conditions
of max imum fl ow, either process or storm water flow : The 10 year to
1 hour storm flow is suggested for in— design use if storm— i nduced
flows must be considered .

2. Theoreti cal detenti on time provide d , based on the basin volume over
and above that vol ume assigned for sludge storage.

3. Depth of basin above that depth assigned for sludge storage.

4. Oi l -mop portable skimmer or equivalent .

I
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5 CONCLUSIONS

1. Was te -o i l  handl ing at Army motor pools can be impro ved by pro-
viding facilities which minimize manual handling of waste oils.

2. The collection and treatment of waste oils will be improved by
restricting maintenance cleaning activities currently conducted at wash-
racks to either motor pool shops or in—hardstand maintenan ce cleaning
faciliti es using retrofit cleaning equipment.

In addition , prel iminary design criteria are presented for the pre-
treatment of wastewaters from maintenance cleaning operations under con-
ditions where the use of commercial solvent s and diesel fuel is pro-
hibited for cleaning purposes. As the organic loadings generated by
these opera ti ons are presently unknown , these criteria must be verified
or modified by experimental testing.

• fr:

•
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