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CHAPTER 6
WASTEWATER TREATMENT

Section I. GENERAL CONCEPTS

6-1. Overview

The wastewater generated at a CVWEF is widely variable in
quantity and quality. The frequency and duration on the system
will be ste-specific. In addition, CVWF wastewater properties
differ greatly from those of atypica sewage waste-water. The
suspended solids concentration in a sewage wastewater usually
is200 to 400 milligrams per liter. In contrast, suspended solids
in CVWF wastewater will range from 100 to more than 20,000
milligrams per liter.

a. Typica sewage treatment collection systems and
plants are not equipped to handle the high sus-
pended solids loading generated at a CVWF. A
typical sewage treatment wastewater will flow
through the collection system without depositing in
the sewers because of the low solids content.
However, the solids in a CVWF wastewater will
deposit readily in the collection system if proper
precautions are not taken. This buildup occurs
primarily because of the large amount of solids and
thefact that they are generally heavy compared with
those in a sewage wastewater. These precautions
include steeper slopes, higher velocities and a
flusher system in the collection system. The wash
facility will discharge alarge volume of silt, clay,
sand, and gravel, and an array of solid debris, such
asordnance, rags, rocks, and ration cans. Thistype
of material does not normally occur in such large
volumesin a sewage treatment wastewater.

b. The wastewater from a CVWF aso will contain
higher levels of grease and oils than a typical
sewage treatment wastewater. Therefore, oil re-
moval equipment must be installed at a CVWF
waste treatment facility. The biologica oxygen
demand (BOD) and chemical oxygen demand
(COD) are usualy in the 200 to 400-milligram per

liter range in a sewage treatment waste stream
compared with 20 to 100 milligrams per liter in
CVWF wastewater.

6-2. Treatment system

The water used to wash vehicles at CVWFs must be reason--
ably clean but is not required to be drinking water quality. All
wastewater to be recycled or discharged to an offsite trestment
system must first undergo primary treatment in a sediment basin
to remove gross sediment, free oils and grease.

a. A recycle system isaclosed-loop system in which
wastewater is treated, circulated, and reused. Sec-
ondary treatment of this wastewater is considered
essential to minimize pump O&M, meet al regula-
tions, and protect the environment and health of the
users. The waste weter overflows from the sediment
basin to asecondary treatment system consisting of
either an equalization basin, followed by intermit-
tent sand filters or alagoon system, and wash water
supply basin.

b.  Inanonrecyce (or discharge) system, the sediment
basin is followed only by an equalization basin, if
required, to bring the discharge to a quality and
quantity that complies with requirements of the off-
site treatment plant.

c. A water supply basin may aso be required in a
discharge system if the water source cannot meet
the immediate demands of the wash facility. If water
isnot recycled, a good quality, reliable watersource
must be used. If a discharge system Is being
considered, the designer should consider the flow
and qudity requirements of the ingallation's
sewage treatment plant authority and design the
onsite treatment system and conveyance accord-

ingly.

Section Il. DESIGN PARAMETERS

6-3. Criteria

In designing the wastewater treatment system for the CVWF,
the hydraulic floor will dictate the size of the collection and
treatment system needed. Local water supply and wesather
conditions aso affect the choice of treatment systems. In regions
with alimited water supply, strict water conservation and reuse
techniques need to be reviewed before deciding to recycle the
water. Factorsto consider in designing the treatment system are
the wash period, cleanup time, water usage factor, wash,
stormwater, water flow demand, and wastewater volume.

6-4. Wash period (Tw)

The wash period is the continuous time, in hours, that the
CVWEF isexpected to operate each time the facility is used. This
time is not the minimum or maximum time that individual
vehicles spend at the facility; it is the time during which the
facility is expected to be operated (see chap. 3). The wash
period does not include the time required to fill and drain the
prewash bath (when included) or to clean the facility. The
ingtdlation must establish an operating schedule of the CVWF
based on projected facility demand.
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6-5. Cleanup time (K)

The recommended design time to drain the prewash bath and
clean up the facility is one (1) hour.

6-6. Water usage factor (U,)

The usage factor is the estimated percentage of time that water
will be flowing at maximum capacity for any component at the
facility. Thisfactor isused in determining the overflow rate into
the sediment basin. The range is between 20 and 90 percent.
Usage factors vary between component parts of a CVWF; a
prewash bath will normally require the use of a different usage
factor than awash station.

6-7. Storm water

Rain that fals onto the pavement should be directed toward the
treatment system since this stormwater may contain residual
contaminants from the handstands. Stormwater runoff from
adjacent unpaved areas should be directed away from the wash
facility. The treatment system should be large enough to treat
sormwater collected on the paved areas of the wash facility or
captured on the basins; but not necessarily concurrently with
water generated during a peak use period. Excess water
generated from a storm event can be treated during low use
periods. Stormwater flow is estimated by the Rational Method
asdiscussed in TM 5-820-1. The area of each surface type must
be estimated first. After the treatment system is sized, the
computations used for each surface type should be compared
with those used for the estimate and appropriate adjustments
made to sizing the basin.

6-8. Stormwater bypass

A stormwater bypass should be provided at the head end of the
treatment system just before the sediment basin. Stormwater
diversion prior to treatment should be considered standard
practice only if the CVWF isin a shutdown mode and the wash
facility has been cleaned up. This diversion should be operated
after each day's shutdown and when it is expected that the
facility will not be in use for long periods of time, such as over
awinter season.

6-9. Washwater demand

The following section defines the washwater demand param-
eters and computations for use in sizing the various convey-
ances, wash facilities and treatment facilitiesin a CVWF.

a. Parameters.
(1) Terminology

V, = volume of tracked bath(s)plus
volume of dual-purpose bath(s),
filled to maximum operating

depth, in gallons.

total number of water cannon
nozzles at the bath

F, =  design flow rate per demand
location, in gpm (1pm)

demand location
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Demand

1. Bath flush, each occurrence

Ng = total number of wash hoses at
the wash stations

N, = total number of flusher pointsin
additional trench drains at
preparation areas

Ny = total number of flusher pointsin
u-drains at the bath(s)

C = coefficient of runoff

I = rainfall intensity for region

A = area of rainfall for surface type

N, = total number of flusher pointsin
trench drains at the wash station
area

N, = number of vehicle interior wash
points at the wash stations

N, = number of yard hydrants in
wash area

(2) Water demand cal culations. Water demands
in gpm (1pm) are calculated using the follow-
ing formulations.

Formulation

Q,=Vg/D

2. Bath water cannons, vehiclewashing Q, =N, .F,,.

3. Wash gtations, vehicle washing Q; = NyFy
4. Flushing, additiona trench drains Q,=NyF,
5. Flushing, bath u-drains Qs =N Fuq

6. Flushing, wash station trench drains Qg = N,F,,

7. Wash gtations, interior washing Q,=N,,F
8. Yard hydrants, clean-up Qs =N,F,

9. Stormwater runoff, paved areas Q,=CJA,
10. Stormwater, on basins Qu=CJA,

b.

Maximum Flow. The pipes, trench drains, and weirs
at the facility must be designed to handle the
maximum (Q,, flow rate expected a any given
ingtant. The designer must consider al of the water
and solids from each source expected at any instant.
The maximum flow is usually expected to occur
during cleaning operationswhen the bath is flushed,
the trench flushers are on, and the wash station
hoses and water cannons are in full use. The usage
factor adjustment is not applied, since this is the
peak situation and al systems are operating. The
maximum flow rate isthe greater of either the sum
of Q,thru Q;, contributions or the sum of Qyand Q,,
stormwater.



Qe = Q1 +Q+ Qs+ Qi+ Qs+ Qe+ Q7+ Qs (eq 6-1)

or
Qra=Qs+Quo

Note: The designer must determine which
combination of flows are applicable to
any particular conveyance feature; not
al flows will be present in al
conveyances, trench drains, or
overflows.

6-10. Water volume

Parameters. Water volume computations are based
on the following parameters:

(1) Terminology.

K = cleanup time (generaly 1 hour)
T, = wash period
T, = wash period + cleanup

T, = storm duration (generally | hour)

number of times the bath isfilled from
the water supply basin per wash
period. (Bath volumes taken from the
equalization basin are not counted
since these volumes do not receive
complete treatment through the
secondary treatment system. The
number of times that the bath is
drained and filled will depend on the
length of the wash period and the
visud quality of bath water.)

; usage factor (from 20 to 90 per cent)
at source

(2)  Volume calculations
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Volume from interior wash points V,=0Q,T,
Volume from yard hydrant V= QK
Volume of stormwater runoff-pavements Vg=Q,T,
Volume of stormwater falling on basin V.= QT

surface

b.

Note 1.

Note 2:

Formulation

Volume from bath flush V,=VB

Volume from bath water cannons V,=Q,T, q
Volume treated at wash station hoses V,=Q,T, |
Volume from additional preparation area V,=Q,K

flushers
Volume from bath U-drain flushers V. =QK
Volume from wash station trench flushers V= QqT,

Average volume. V,, is an estimate of the total
volume of water used during an average wash
period. The average wash period is the period of
time during which the vehicles are being washed in
typical washing operation. Usage factors are ap--
plied to each source of water, since not all water
cannons, hoses, and trench flushers will be
operating at al times. V,_, (eq 6-2) is used to
estimate the size of the water supply basin and the
equalization basin or polishing lagoon:

= U,V UV, UV UV AUV UV
+U7V7+UBVB+V9+V10
(eq6-2)

V., Vsand Vg are included in the equation
only if these volumes are withdrawn from the
water supply basin. VVolumes withdrawn from
the equalization basin are not included in the
formulation.

V,and V,, are not apart of V. in astandard
design. Including V,and V ,asapart of V.
isthe designer’s option.

Maximum volume. V , is an estimate of the total
volume of water used during the peak use period of
the facility. The same eguation (6-2) used to
calculate V,, is adso used to calculate V,,; the
difference isthat the wash period used to calculate
theindividua volumes, V,through Vg, isthe length
of the peak washing operations, not the length of the
average washing conditions. Usage factors are still
applied in the equation to compensate for the time
during which the nozzles are not operating. The
V. vdueisthe primary volume used in sizing the
water supply basin and the equalization basin or
settling lagoon. V., is also used in the sizing of the
intermittent sand filters.

Water balance. The designer must perform awater
balance during the preliminary design phase. The
purpose of the water balance is to ensure that basins
such as the equalization basin do not overflow and
that the water supply is not totally drained. Thus,
the designer must make provisions to handle the
peak use water volume in each basin during the
washing operations. Based on the results of the
water balance, the designer may be required to
increase, or may be able to decrease the size of the
basins.
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Section Ill. PRIMARY TREATMENT

6-11. Function

All wastewater from the CVWF must undergo primary treat-
ment. A concrete sediment basin with a oil skimmer deviceis
provided to separate and remove contaminants such as grease,
oil, and sediment by gravity. Free oil shall be removed in this
basin prior to pumping which could cause oils to emulsify.
Wheeled vehicle access shall be provided to this basin for
removing the large volumes of sediment that accumulate in this
basin. The bottom of the basin should be sloped approximately
one percent away from the entrance ramp to assist in dewatering
when the basin is emptied. Sediment basins are designed with
oil recovery, inlet and outlet control structures, and drains.

6-12. Number of basins

In awash facility, with or without bath, a sediment basin with
only one cdll may be provided, however, it must be designed to
treat the entire volume of water and sediment expected.
Maintenance procedures must insure minimizing down time
when the single basin is cleaned. A sediment basin with two
cells should be provided if the wash facility cannot be shut
down for scheduled cleaning and repairs. Providing atwo-celled
sediment basin alows one cell to be isolated for cleaning and
repairs while the other one remains in service for primary
treatment. The detention time of the waste water may be
reduced in the basin if only one cell is operable due to closure
of the other, but the wash facility may still be utilized. During
normal operations of afacility with a bath, one cell is used to
trest the volume of waste wash generated from vehicle washing
water from the wash, while the adjacent cell is used to treat the
volume of water from the bath flush and clean-up activities. The
functions of the two cells should be aternated frequently, to
distribute the sediment loads evenly between basins.

a. Single-cel configuration without bath. At small
facilities without bath, a single-basin system as
depicted in figures 6-1 and 6-2 should be provided.
A single sediment basin system should function
hydraulically, such that the inflow volume is
equivalent to the overflow volume. If alarge surge
of water isexpected, then sufficient storage volume
must be alowed in the basin to ensure that a
minimum detention time of 2 hours is maintained.
The basin volume must account for the accumulated
sediment storage volume between cleanouts. The
outlet structure is a weir constructed across the
width of the access ramp. The location of overflow
weir ensures a constant water level in the basin.

b. Dual-cell configuration without bath. At larger
facilities, without bath, where washing down time
during basin cleaning may not be desired or practi-
cd, dud cells similar to figures 6-1 and 6-2 should
be provided. Cells would have a common wall and
be provided with common inflow and outflow
control structures.

6-4

c. Dual-cdl configuration with bath. A dual-cell
system for usewith bathsin large facilitiesis shown
in figures 6-3 and 6-4. Before bath(s) are to be
emptied into the sediment basin, the operator should
assure that the water level in one of the basin cells
in the sediment basin is at low level. The volume of
bath water will be stored in this cell. The adjacent
cell continues to provide primary treatment for
wastewater from the washing facilities. This
configuration alows the entire surge volume of
wastewater from the bath to be held for the proper
detention time and not become short circuited in the
sediment basin. The volume of each cell is designed
to hold the storage of sediment between scheduled
cleanouts plus the entire volume of a bath release
and clean-up water.

d. 9dngle-cel configuration with bath. For small fa-
cilitieswith bath, a single-cell configured similar to
that depicted in figure 6-3 may be provided if the
wash facility can be taken out of service during the
cumulative period of time to drain the bath(s) and
draw down the sediment basin.

6-13. Siting

Sediment basins are sited to receive gravity flow of wastewater
from the wash facility. The basin should be close to the washing
operations to avoid long conveyance distances and severe
depths of conveyances being placed at the required grades.
Basins should be oriented along the axis of prevailing winds
with the outlet end and oil skimmers |ocated downwind so that
surface currents will carry free oils toward the removal
equipment. The basins must not be readily accessible to troops
but should be visible from the control building and easily
accessed by the CVWF operators.

6-14. Sizing

The size of each cell in the sediment basin will be based on the
volume of water to be treated and the volume of sediment to be
stored in the basin between cleanings. The user must determine
how often the sediment will be removed from the basin. It is
recommended that each cdll of the basin be cleaned at least once
per year; however, the exact number of basin cleanings will
depend on variations of soiling, user requirements, and other
congderations unique to theingtd lation. In addition to the water
and sediment depths, from 1 to 2 feet (0.3 to 0.6 meter) of
freeboard must be provided. Figure 6-4 shows typical water and
sediment depths. Each cell should have a minimum length-to-
width ratio of 3 to 1 to allow for the proper settling time. The
turning radius of cleaning equipment, such as a front-end
loader, should be considered in determining the width of the
cells.

a. Velocity. A uniform horizontal flow-through ve-
locity of from 0.5 to 2 feet per minute during
washing operations is desirable. The lower range is
preferred for predominantly silt and for clay-type
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Figure 6-2. Single-cell sediment basin—cross section.
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Figure 6-4. Dual-cell sediment basin—cross section.
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Figure 6-5. Typical design water and sediment depths.

s0ils; the higher rate applies predominantly to sandy recommended range be used to estimate the
soils. sediment volume.

. Table 6-1. Estimated volume of material per vehicle
Sediment volume (V).

Average heavy soiling, Average light soiling,

(1) Eachbasin must store the volume of sediment cu fifvehicle cu ftjvehicle
expected to accumulate between basin Vehicle type (m’/vehicle) (m*/vehicle)
cleanouts. The value used to predict sediment
vol ume (\(?ad) must be based on the expepted Tracked 2.0 0.06) 1.5 (0.04)
vehicle soiling and number of basin cleanings Wheeled 0.6 (0.02) 0.5 (0.01)

per year. Heavy soiling can be expected on
vehicles returning from training exercisesin
off-road areas that have wet field conditions 2

Equation 6-3 can be used to determine to

and cohesive soils. The sediment volume will
vary between ingdlations and even within the
instalation due to different soil types in the
training areas, training schedules, climate and
weather conditions. Table 6-1 lists estimates
of the amount of dirt removed from different
tactical vehicleseach timeit is washed. Expe-
rience may indicate that a value outside of this

predict the total annual sediment volume. If
dual-cells are provided, each basin will store
half of the total sediment volume expected
over the time period between cleanouts, as-
suming cells have been evenly alternated.
Equation 6-4 is used to calculate the required
basin volume,
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No. tracked (eq 6-3)
Sediment Volume _ Sediment Vol X washed
Year per Tracked Vehicle Year
No. wheeled
Sediment Vol washed
per Wheeled Vehicle x Year (eq 64)

V.., = sediment volume per year/number of cleanout per year

c.  Water volume. For asingle-cell sediment basin, the
cell should be sized for adetention time of from 2 to
4 hours. For adual-cell basin, each cell should be
Szed to detain the wastewater for 2 to 4 hours with
cellsoperating in pardlel; or from 1 to 2 hours with
one cell in operation. Wastewater having a high
cohesive soil content will require settling times at
the upper limit of the range; settling times for
noncohesive soils should be at the lower end of the
range. One method of determining optimal deten-
tion time (T,) and settling velocity is to perform
bench-scale settling tests for the soil conditions at
eech training Ste. Another method isto use Stoke's
Law in computing trap efficiency. The basin should
have atotal effective water depth of 5to 8 feet (1.5
to 2.5 meters).

(1) Sediment basin overflow rate. The basin
overflow rateis an estimate of the flow rate of
wash water used during awash period (T, (eq
6-5). It is determined by reducing the maxi-
mum flow rate by usage factors. This flow
rate is used when determining the detention
time and sizing the cells for the sediment
basin. The designer must use discretion asto
whether the trench flushers in the wash area
will be operable while the vehicles are being
washed. Thetrench flushersin abath will not
operate during washing. The designer also
must use engineering judgment as to what
percentage of time the trench flushers (if any)
in the vehicle preparation area will be
operable whilethe vehicles are being washed.

Quve=U,Q:+U5Q5+U,Q,+U:Q:+UQs+U;Q; (eq 6-5)
(2) Sngle-cdl sytem. Inasingle-cell system, the
cell should be designed to store the water for
the designed detention time and should also
hold the sediment volume collected between
cleanouts. Equation 66 gives the water and
sediment volumes needed for sizing asingle
cell at afacility without a bath. If a bath is
provided, the bath volume, V ;, must be added
to the equation. This equation calculates only
water and sediment volumes; it does not in-
clude the freeboard which must also be added.
Also Q,, stormwater flow, would not be nor-
maly considered an additive flow. The basin
should be sized to handle the greater of two
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volumes, maximum wash water volume or
stormwater volume.

Volume = (Q,,+UXQy) X Ty + Vo (eq 6-6)

(3) Dual-céll system. In adual-cell system, each

cell must be sized to store the maximum vol-

ume expected at any given time. The volume
of each cell will depend on the larger of:

Casel: Volume=05XxV 4+ Qe X Tp+V,
Case2: Volume=0.5xV 4+ 0.5Q,T,

6-15. Sediment basin influent structure

Theinfluent line should empty into the deep end of each cell of
the basin, opposite a ramped entrance that provides access for
the cleaning equipment. A structural baffle or energy dissipator
may need to be installed at the influent end to disperse the
wastewater and solids across the width and to help prevent
water and solids from short-circuiting to the effluent structure.
Theinlet invert must be placed higher than the maximum water
level in the basin to prevent deposition of solidsin the influent
line or inlet structure. Motorized gates may be used in atwo cell
basin to make it convenient for the operator to switch the
influent flow from one cell to the other or to use both.

6-16. Sediment basin effluent structure

The effluent Sructure must be located opposite the influent end
in order to maximize the detention time in the basin. Protective
baffles, fixed or removable, may be ingtalled in front of the
effluent opening to prevent discharge of floating debris and ail.
A section through the overflow trench for a basin without bath
is shown in figure 66. The effluent structure for a basin with
bath consists of adjustable, motorized gates used to regulate the
height of the water in the basin (fig 6-7). This arrangement
allows the operator to alternate treatment from one cell to the
other or use both cellsin parallel.

6-17. Sediment basin construction

Sediment basins are constructed of concrete in order that a
front-end loader can enter the basin at the ramp and remove the
sediment without damaging the liner. In addition, a concrete
basin prevents oil and other wastes from seeping out of the
basin into the surrounding soils.

6-18. Sediment basin drainage

a.  Thesadiment basin must be provided with adrain-
age system which (1) alows the captured sediment
to dewater for easier removal from the basin; (2)
controlsthe discharge of large volumes after drain-
ing the prewash bath facilities; (3) permits other
routine maintenance to the structure and/or equip-
ment; and (4) permits preparation for winter shut-
down.

b.  Drain down of the basins for cleaning is accom-
plished through a drain line with a manually oper-
ated valve as depicted in fig 6-8. Drain down of



water trapped in the sediment is aided by gravel
packed drains placed along the center wall or in the
bottom of each cell. The pumping system shown in
the figure is an alternate since, at this point in the
trestment system, the main stream flow is by gravity
and drainage may occur below the hydraulic grade
line. The immediate return of the water drained
from the sediment basin to the treatment processis
desirable in order to facilitate the remova of any
disturbed sediment and oil.

Thevaving depicted in figure 6-8 allows lowering
thewater level in the sediment basin to the expected
maximum sediment level and dewater the captured
sediment. Gravel packed drains or trenches are
located around the inside perimeter of the basin or
in the floor and consist of a perforated pipe encased
in filter fabric and gravel. Vaving and pumping
facilities may be placed & either end of the sediment
basin. Drains shall be located below the bottom of
the basin or otherwise protected so that, during
removal of sediment, they will not be disturbed or
damaged. The trench method can be used at either
the influent or effluent end of the sediment basin.

TM 5-814-9

6-19. Sediment removal

Sediment basins are not equipped for continuous removal of
solids and therefore, the basin should be sized to allow solids
accumulation over at least one year based on the estimated
solids removed from the vehicles. To remove the accumul ated
solids, the basins are first drained of water to the maximum
extent possible with slow drains, sediment dewatering drains,
and/or pumps as described in the previous section. The solids
are then removed using front-end loaders and dump trucks that
access the solids zone via the concrete ramp. The material is
hauled away for proper digposal in accordance with local, State,
and Federal regulations.

6-20. Oil removal

Freefloating oilsand greases carried into the sediment basin as
a product of vehicle washing are lighter than water and
therefore rise to the surface. The oils and greases are removed
using motorized surface tube-type oil skimmersin each basin.
The skimmings are stored in an above-ground or underground
waste oil storage tank located near the sediment basins.
Skimmers are usualy located at the downwind end of the
basins. Hoating or fixed baffles which extend below the effluent
weir elevation may be provided to direct oils toward the
skimmer and to prevent the carryover of oils past the effluent
weir.

LINED INVERT —j

Figure 6-6. Typical effluent structure with an overflow trench. Sediment basins, without bath.
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Figure 6-7. Typical effluent structure with motorized gates. Sediment basins, with bath.
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6.21 Waste oil storage

Wadte oil storage tanks are designed, constructed and installed
in accordance with current U.S. Environmental Protection
Agency, State, or Loca regulations for above ground or
underground storage tanks. Storage tanks should be 500- to
2000-gallon (1893- to 7570-liter) capacity, depending on the
estimated amount of oil recovery and frequency of cleanout.
Positive spill containment should be provided at the cleanout
port and directed back to the sediment basin.

6-22. Maintenance

Routine maintenance of the sediment basin and appurtenances
will beminimal. Sediment should be removed from each cell at
least once per year. The waste oil storage tank should be
emptied before its capacity has been reached. Provide appro-
priate site gauges and/or high level dlarms. Oil skimmer devices

must be strategically located, easily accessible for servicing and
durable. Daily inspection of the oil skimmer unit isrequired to
insure continuous, trouble-free operation.

6-23. Other considerations

Sediment basins should have piperail or fencing mounted on
the wall in accordance with OSHA requirements for safety
considerations; or the grade surrounding basins located lower
than top of wall to provide asafety barrier. Hydrostatic pressure
relief should be provided where generally high water tables
exist and basins should be designed to prevent flotation when
empty. Access ramps should be serrated for vehicle traction.
Inlet and outlet ends should be readily accessible to operators,
through an access road around the basins. Lighting should be
provided at the inlet structure and at the outlet structure.

Section IV. SECONDARY TREATMENT

6-24. Onsite secondary treatment

At ingdlations where an adequate, dependable, low-cost wash
water source cannot be found, and favorable site and weather
conditions exist, a recycle water system should be used. The
water source must adequately supply clean water on demand
during the peak wash periods. The quality of effluent from a
sediment basin usudly is not adequate for discharge to a sewage
treatment plant, even if treating non-cohesive soils and
therefore, cannot be used as recycled water. For recycling,
secondary treatment is required. If an adequate water supply
sourceis available and recycling would not be economical, the
wastewater may be discharged to an existing sewage treatment
plant for further treatment. In this case, onsite sediment basins
followed by an equdization basin would still need to be
provided. Two atemative onsite secondary treatment systems
areavailable for treating waste washwater to a quality suitable
for reusein vehicle washing, namely, intermittent sand filtration

and series lagoons. Intermittent sand filter systems are the
preferred secondary trestment method for CVWFs. Where
exiging ponds, lagoons, or basins are available and
environmentally suitable for use, a lagoon system should be
congdered. The most environmentaly acceptable, cost-effective
system should be used.

6-25. Objective

Secondary treatment removes suspended matter, microorgan-
isms, impurities, and minor resdud oils from the product water.
These materials are carryovers from the primary treatment
process and consist mostly of colloidal materials such as clays
and finesthat have not been removed during sedimentation. The
removal of these suspended solids is essentia to produce a
relatively clean, clear, acceptable product for recycling as wash
water.

RECYCLED WATER

WASH PRIMARY SECONDARY WATER
| FACILITY  TREATMENT | TREATMENT STORAGE
PREWASH MAKE -UP
WATER
WASH
STATIONS R R
SAND WATER SUPPLY |  DISCHARGED
FILTER BASIN WATER

SEDIMENT  EQUALIZATION
STORM BASIN BASIN
WATER

Figure 6-9. Components of an intermittent sand filter system.
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Figure 6-10. General schematic of an intermittent sand filter recycle system.

6-26. Intermittent sand filter system

Thissystem, depicted in figures 6-9 and 6-10, consists of three
components: equalization basin, optional dosing tank, and
intermittent sand filter. All three units are |located downstream
of the sediment basin in the order listed.

basin is considered part of primary treatment
because it provides a quiescent zone for settling of
fine, suspended solids that have been carried over
from the sediment basin. This function improves the
overall suspended solids removal efficiency of the
treatment process. Unfiltered water from the
equalization basin should be used as a source of

a. Equalization basin. The equalization basin (figs 6- L
water for filling the bath prewash and for trench

11 and 6-12) servestwo main functions. Firt, itis

conddered a part of secondary trestment because it
provides storage and flow dampening of the sedi-
ment basin effluent so that this water can be deliv-
ered a a controlled rate to the intermittent sand
filters for final trestment. The basin buffers the
fluctuations in wastewater flow and quaity caused
by variable use of the wash facilities. It aso
compensates for the difference between basin in-
flow and intermittent sand filter application rates.
By regulating the dose of water to the intermittent
sand filter at designated intervals and rates, the filter
size can be minimized. Second, the equalization

drain flushing, thereby conserving the water supply.
When equalization basin water is used in thisway,
separate delivery pumps and piping are required,
but the size of intermittent sand filters and water
supply basins are usually reduced.

() Sting. The equalization basin islocated at a
lower elevation than the sediment basin and
the wastewater should flow by gravity from
the sediment basin to the equalization basin.

(2) 927ng. Thesze of the equalization basin will
be based on severd factors, including the

6-13
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Figure 6-12. Equalization basin—cross section.

volume of water from the sediment basin, the
number and capacity of intermittent sand fil-
ters, the frequency of dosing the filters, and
the volume of sediment expected to collect
between cleanouts. The designer must ensure
that the size of the equalization basin is
compatible with the influent volume from the
sediment basin and the effluent to the dosing
tank or intermittent sand filters. If it is too
large, it will not be cost-effective. If the basin
istoo small, it will ovefflow. Anextra2to 3

feet (0.6 to 0.9 meter) of freeboard should be
included above the maximum loading volume.

(@  Water volume. Thebasin's size should
bebased on V,,, for aone week wash
period or V., for a peak use period,
whichever is greater. A safety factor
ranging from .25 to 2.0 timesV_,, or
V...« Should be incorporated to help
insure adequate water volume at all
times. The effective depth of the basin
should be 5 to 8 feet (1.5 to 2.4




3)

(4)

()

meters). Deeper basins should be
considered in arid regions to reduce
water  surface areas, thereby
minimizing evaporation.

(b)  Sediment volume. A depth of from 1to
2 feet (0.3 to 0.6 meter) should be al-
lowed for sediment storage at the
bottom of the basin and this volume
added to the water storage
requirements.

(c) Deadstorage volume. A depth of 2to
4 feet (0.6 to 1.2 meter) should be
allowed directly above the sediment
volume for dead storage. This
additional  volume alows for
submergence of the basin effluent
control structure and provides a
minimum water volume to optimize
settling.

Influent structure. A concrete trough should
be installed at the inlet to prevent liner
erosion. The inlet pipe should he higher than
the maximum water elevation in the basin to
allow free discharge of wastewater. If the
wastewater Influent line were submerged,
sediment could collect and eventually clog the
line,

Effluent control structure. The effluent struc-
ture should be located opposite the Influent
structure thereby maximizing the water
detention time in the basin. If cohesive soils
are present, float supported baffles may bere-
quired to increase the detention time and
minimize short circuiting of wastewater in the
basin. Stormwater diversion prior to
treatment should be considered as standard
procedure only if the CVWFisin a shutdown
mode. This diversion should be in operation
after each day's shutdown and when it is
expected that the facility will not bein usefor
long periods of time, such as during winter.

Construction. In-ground equalization basins
are designed and constructed with water-tight
walls and bottom. Several liner materials, or
combinations, can be considered for water-
tight construction. However, local experience
with earthen basins may suggest that no lining
is needed. In-ground basins should be de-
signed and constructed in accordance with
and with approva by the state regulatory
authority in which the facility islocated. The
most cost effective, environmentally
acceptable basin construction should be
provided.

(8 Concrete. A concrete liner is
permanent and can resist freeze/thaw
cycles. If a concrete lined basin is
used, the foundation must support the
weight of the structure, concrete,

(b)

(©
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sediment, and water at maximum
depth. Concrete can crack and
deteriorate and can be relatively
expensive to install and repair
compared with other types of liners.
The slope of the wallswill depend on
the method of  construction.
Expansion/contraction  joints are
required and may be difficult to seal
tightly.

Bentonite and natural clay. A
bentonite or natural clay liner can be
installed only over certain soils.
Noncohesive soils that contain large
amounts of fines without coarse lenses
(sands and gravels) are susceptible to
movement which can cause leskage in
bentonite and clay liners. A dte
without shallow bedrock and without
a perched water table is desirable for
installing these types of liners. When
these materials are used, the slope of
thewdlswill vary, depending on local
conditions such as the soil’s angle of
repose. Sediment removal equipment
could damage a bentonite liner, since
movement of the bentonite can cause
leakage. Therefore, a concrete ramp
and floor must be installed to provide
access for removing the sediment.
L eaks may occur at each point where
the bentonite and concrete interface.
The inlet must have an energy
dissipator such as a concrete trough
with rocks to prevent erosion of the
bentonite walls. Bentonite-treated
basins must be protected from
stormwater erosion to maintain their

integrity.

Synthetic materials. VVarious types of
synthetic rolled material can be used to
linethe equaization basin. A synthetic
liner isingalled in the same way that a
landfill islined. A proper baseis pre-
pared and the liner is positioned, then
covered with soil. Equipment can
move over the bottom of the basin if
the soil covering the liner is thick
enough to protect it, a proper base is
under the liner, and the walls are not
sloped too steeply. A concrete ramp
and floor can be installed in the basin
before the rolled material is placed. A
concrete trough must be used to
channel the Influent over rocks and
other obstacles to dissipate the energy
of thefalling water. If a synthetic liner
materia is selected, it should be
resistant to petroleum products and
sunlight such as high density
polyethylene (HDPE).
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(d)  Asphdt. Asphalt also can beused asa
basin liner. However, it should he
noted that petroleum-based products,
solvents, lubricants, and other fluids
used in vehicle operations and
cleaning can degrade an asphalt liner.
These products destroy the binder
material in the asphalt and cause the
liner to fal. The designer should he
aware of this potential problem before
using asphalt asaliner.

(6) Sediment removal. The equalization basin de-
sgn should indlude means for dewatering and
gaining access to the basin. Basins should be
designed for infrequent sediment removal in
the range of from 10 to 20 years based on
estimated solids carryover from the sediment
basin. Sediment storage should he from 1 to 2
feet (0.3t0 0.6 meters). In selecting the liner,
designers should consider the method and
equipment the facility will use to remove sedi-
ment. The liner used should sustain the least
damage to its bottom and side walls during
cleanout. A ramp with aslope of 1to 6 (17
percent) may have to be constructed to alow
cleaning equipment access to the basin.

Dosing tank (optional). A dosing tank or deviceis
a storage structure or component located after the
equalization basin and before the filters. The pur-
pose of thedosing tank isto discharge settled water
to the intermittent sand filters at the desired dosing
rate and frequency. The first choice for delivering
Influent to the filter surface is by gravity flow;
however, if this design is not possible, automatic
operation is an important aternative. Automated
delivery is done using flow-activated valves, dosing
siphons, timer-controlled valves, or pumps. It is
suggested that a dosing siphon or electronically
triggered valve he provided in the dosing basin in
conjunction with the distribution piping. The most
economica dosing siphon in sewage systemsisthe
type with proper bypass pipes and valves; however,
electronic float-actuated valves with manual over-
ride mechanisms are aso effective. Both
approaches require a minimum elevation
differential between equalization basin water level
and filter surface. Water flows by gravity from the
equalization basin to the filter pump wet well and
then is pumped to the filters via a filter valve
control box or valve house.

Intermittent sand filters. Intermittent sand filters
provide an economical, effective method of treating
water prior to reuse at the wash facility. Filters
provide afina polishing step by further reducing
resdual BOD, and suspended solids that maybein
the water. This step renders the water suitable to be
pumped and reused for washing. The mechanisms

involved in removing suspended solids by filtration
are complex. Some straining occurs a the filter
surface; however, most solids remova in granular
filters of the type used at CVWFs occurs within the
pore space of the filter media particles and by
absorption of impurities onto the filter media sur-
faces. Additional straining between media particles
in the filter aso contributes to overdl solids
remova. Although the primary purpose of thefilters
is to remove suspended solids and provide a
polishing step prior to recycling, they also are
effective in reducing BOD,, nitrogen compounds,
and agal populations through a combination of
physical and biological processes without the ad-
dition of chemicas. The effluent quality from
filtration is such that any discharge or reuse is
environmentally safe and will cause no increased
pump wear. Adequate product water is achieved
withminimal O& M costs and personnel. Thistype
sand filter does not require backwashing.

(1) Configuration The surface of an intermittent
sand filter may he divided into two, three, or
four cells. The cells may share a common
underdrain collection system, but will have
separate distribution systems. Each cell
should be physicaly separated by surface
partitionsto prevent wastewater from spilling
over from one cell to another. At the
designers option, the partitions may also
completely separate the 36-inch (0.9 meter)
sand layer between cells, a minimum of 12-
inch (0.3 meter) penetration is recommended.

(2) gting. Intermittent sand filters can require
large areas. Therefore, the most desirable
topographic and location criteria would in-
clude alevel sitethat is free of trees, woody
vegetation, and rock; a deep groundwater
table; good natural drainage away from the
filters, and proximity to the main pump
station and water supply basin. Open filters
should he located away from or protected
against windblown dust from unpaved tank
tralls. Site conditions may require windbreaks
such as fences, trees, or shrubs to prevent
wind eroson of the filter media and/or
prevent dust from settling on the filter surface.
It is desirable that the site be high enough
above the maximum water elevation in the
water supply basin to alow for gravity flow
into the water supply basin.

(3) 9zng. The size of these filters and their
pumping system is determined by three fac-
tors: daily dosing rate, dosing frequency, and
dosing rate.

(8 Daily dosing rate. This rate is the
maximum wastewater volume per day



(b)

(©

(d)

per unit area (in acres) which is
applied to the surface of thefilter. The
application rate shall be from 490,000
and 980,000 gallons per acre per day
(524 and 1048 liters per sguare meter
per day), which is the equivaent to
flooding the filter to adepth from 6 to
12 inches (15.2 to 30.4 centimeters)
every 8 hours. The daily dosing rate of
thefilter currently is chosen according
to soil conditions. Soil type (S) for the
ingtdlation (chap 3) should he used in
evaluating the design loading rate.
CVWFs serving instalations with
mainly sandy soil (S=1) and little or
no suspended clay in the training areas
may be designed at higher loading
rates. However, since some clay-type
s0ils (S=5) occur at most installations,
design should he adjusted toward the
lower end of the recommended loading
rate.

Dosing frequency. The daily dosing
volumeisapplied to the filtersin three
intervals to maintain wetness of the
filter and also alow the filter to
"breathe”  between doses, thus
maintaining the aerobic biological
trestment  which results from
intermittent dosing. Normally, afilter
will have more than one cell and each
cell must be dosed every 8 hours, but
the actua dosing interva may he
alternated from cell to cell. A dosing
sequence using equal dosing per day
per filter to he delivered by an
automatic dosing device or pumps is
recommended. Using the available
filterson an dternating basis, with rest
periods between doses, effectively
reduces the hydraulic dosing rate. This
procedure is achieved by using
electronic timers to control the
application of wagtewater to the filters.

Dosing rate. This vaue is the flow
rate to the filter during each of the
three dosing intervals. Dosing flow to
thefilter should be 95 to 190 gpm per
1000 square feet of filter surface area
(6 to 8 inches [152 to 20.3
centimeters]) applied for 20 to 40
minutes to give the desired daily
loading rate.

Filter surface area. The tota filter
surface area is calculated by dividing
the average weekly flow by the daily
loading rate x 7 as the filter can be
designed to operate 7 days per week
unattended. The total filter surface

TM 5-814-9

area isthen divided into two or more
filter cells. Thisdesign minimizesthe
size of the wastewater distribution
network on the filter surface and
lowers the effect of taking one filter
cdl off-line for servicing. Because the
distribution lines must be easly
removable for servicing the filter
aurface, it isuseful to limit their length
and size. Small filters also minimize
pump capacity and velocity of flow
through the distribution systems. Cell
sizes of approximately 1/4 acre (1012
m?) are desirable; however, they may
be larger.

(6 BExampleSzng. Assumethat a CVWF
requires an average weekly wash
water flow of 1.6 million gallons per
day for 5 daysiweek; soiling conditions
indicates a loading rate of 650,000
gallons/acrel day.

Then, total filter surface area= 1,600,000 gpd x 5 days/
650,000 gal/day/acre x 7 days= 1.76 acres

Further assume that two filters will be used, each divided into

four cells:

Cell size

1.76 acres/2 filters x 4 cells/filter
0.22 acres/cell

Dosing frequency: one of the eight cells is dosed every

hour.

Volume per filter dose=8,000,000gal/21 doses= 380,950-

gal dose.

Volume of dose per filter cell = 380,950 gal/8cells =

47,6200al.

Dosing rate = 150 gpm/1000 square feet x 0.22 acre
(9,583 square feet) = 1438 gpm.

Pumping time to dose each cell = 47,620 gal/l 438 gpm

=33 min.

(4)

Distribution system. The designer may
choose one of several distribution systemsto
apply waste water evenly over the surface of
the sand. Whichever system is chosen, the de-
signer must ensure that it will be easy to
remove and replace for cleaning. One design
uses perforated plastic pipes placed on the
aurface of thesand in a grid pattern (fig 6-13).
The drilled orifices in the pipes should be at
least 0.16 inch (4 millimeters) in diameter or
larger to prevent the openings from clogging.
The pipes must be sized to distribute the
water as evenly as possible. Another
distribution system uses wooden troughs
placed on the surface of the filter (fig 6-14)
and positioned so as to apply water to the
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pipes for the filters are installed near the
bottom of the filter embedded in gravel just
above an impervious layer. Water will per-
colate downward through the sand and collect
in the pipes (fig 6-16). These underdrains
should be placed on a minima grade (less
than 0.25 percent) to provide gravity flow.
The designer must consider the surface area
of the filters and design the collection system
to aso handle stormwater falling on thefilter

BASIN OR
DOSING TANK
r Y Y Y Y |
Figure 6-13. Distribution system using grid arrangement.

aurface of the filters as evenly as possible (fig (6) Materials. Local sandsand gravels should he

6-15). The number of distribution troughs used whenever possible. The material may

needed will depend on the area of the filters have to be washed and screened to obtain

and the volume of water to be filtered. Plagtic clean and properly sized aggregate. The top

pipes with drainage holes may have to he 36 inches (0.9 meter) of the filter should

instaled in the troughs to extend the contain sand with less than 1 percent of the

distribution system and apply the water fines passing the number 200 sieve. The D,

uniformly over the surface. The holes in the should be between 0.2 and 0.4 millimeters

pipes should be the same size asthose in the with auniformity coefficient (Dgy/D,,)* of less

grid system. The filter distribution system than 3.5. The next layer contains 4 inches

used should he capable of being disassembled (10.2 centimeters) of 05-inch (1.3

when maintenance of the filters is required centimeter) aggregate. The next layer is 3-

and the supply pipe to the distributors should inches (7.6- centimeter) of 1-inch (2.5

he buried. centimeter) aggregate. The bottom layer

consists of 11 inches (27.9 centimeters) of

(5) Underdrain system. Perforated collection aggregate ranging in size from 1.5- to 2.0-

inch (3.8-to 5.1-centimeter). The depth of the
bottom layer should be measured from the
bottom of the lowest collection pipe. The
bottom and walls of the filter must be
relatively impervious. Liners of clay soil or
geotextile membranes should be provided
similar to those described for the earthen ba-
sns(para 6-26). Figure 6-17 shows an inter-
mittent sand filter in cross section.
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Figure 6-15. Distribution system using distribution boxes.

Filter maintenance considerations. The filter
sand and the filtered matter support the
growth of weeds and grass. Weed control is
not required since low grasses and weeds can
protect the surface sand from direct sun rays.
This shades the sand and reduces evaporation.
However, trees and other plants with root
systemsthat could clog or otherwise interfere
with thefiltering process should be removed.

(@

Winter operations are mostly similar
to those during warm weather except
that cleaning the filters during cold
weether is more difficult. Cold season
filtering should be started with a clean,
raked filter surface. If the CVWF (and
therefore the filters) will not be used
during freezing months, the
distribution piping including header,
distribution main, and laterals must be
designed to be fully drained to prevent
damage due to freezing. The
underdrain network must also be
designed to be fully drained or to

(b)

(©

prevent water from collecting in the
filter and underdrain to a depth at
which freezing damage can occur.

Where wind-blown dust and dirt could
be transported to the filters from
unpaved tank trails or erosion-prone
aress, natura or artificial screens may
be considered.

When a filter is observed to be
plugged or approaching a plugged
condition, it will be necessary to
rejuvenate the filter surface. Two
approaches are recommended. The
first consists of raking the media
surface to remove debris and breaking
the surface incrustation that results
from the drying of fines and debris.
The filter is raked manualy with a
garden rake or a small tractor rake or
disk attachment. When raking no
longer appears to rejuvenate the filter
surface due to the buildup of filtered
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Figure 6--16. Collection system.

matter in the top layer of the sand
media, then it is necessary to remove
and replace the solids-laden layer. The
sand is removed manually or with
mechanical devices. A four-wheel-
drive garden tractor equipped with a
hydraulically operated scraper, bucket
loading device, and either flotation-
typeor dual rear tiresworkswell. The
decision to discard or reuse the spent
filter sand will largely depend on local
availability of this material. When
sand costs are high, the removed sand
should be stockpiled, washed, and
recycled. This approach is especialy
attractive in wet climates. It is aso
possible that filter effluent could be
used to clean the sand.

(8)

(d)

Thedesigner must consider the above
maintenance aspects of intermittent
sand filters and include in the design
measures for access, cleaning
equipment, intermittent sand filter
layers, distribution piping design and
eae of remova,, and freeze protection.

Monitoring. The effluent stream should be
monitored for quantity and quality at a point
between the intermittent sand filters and the
water supply basin. If the water quality meets
the standards of the regulatory agency, it is
allowed to flow into the wash water supply
basin. Otherwise, it is rerouted to the
equalization basin for further treatment. The
effluent also should be tested periodically for
grease, oil, BOD,, COD, hydrogen-ion
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Figure 6-17. Intermittent sand filter cross section.

concentration (pH), total dissolved solids
(TDS), and suspended solids (SS) levels.

(@)

(b)

(©
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A recycle system should be monitored
at least weekly for the first year of
operation. Thistime span will givethe
installation a good profile of the
trestment system’ s operation. After the
first year, the system may need to be
monitored once per month or every
other month. These data should be
compared with the initial profile data
to confirm that the system is working

properly.

If primary treated and equalized water
is discharged to a sewage treatment
plant, the system should be monitored
weekly for the first 3 to 4 months to
assure the plant operator that the
biological, solids, ails, or hydraulic
load being discharged from the wash
facility arein compliance.

A system that discharges to the
environment will require permitting in
accordance with the state regulatory
agency. The agency must be consulted
to determine the monitoring frequency
required. Measurements and
laboratory tests should he performed

in accordance with the instructionsin
Standard Methods for the Examination
of Water and Wastewater.

6-27. Lagoon system

Using lagoons as a secondary treatment system for wastewaters
from a CVWEF is not the recommended standard. The use of
lagoonsingtead of intermittent sand filters requires Office of the
Chief of Engineers (OCE) approval prior to programming and
design. Lagoons can be used for secondary treatment only if
ponds exist in the vicinity of the CVWF and they are
environmentally, hydraulically and structurally acceptable; and
if they are more cogt effective than sand filters; and long term
ettling test confirm the ahility of lagoons to produce acceptable
water quality. However, past designs have used the lagoon
treatment system for secondary trestment at CVWFs as
described below.

a.

Description. A lagoon system, like an intermittent
sand filter system, includes a sediment basin for
sediment and free oil removal (fig 6-18). If the
wastewater isto be recycled, an equalization basin
and wash water supply basin are also required. The
polishing lagoon is sized to give a minimum of 14
days detention time for the wastewaters after pre-
treatment. This minimum detention time is calcu-
lated at peak hydraulic flow conditions into the
lagoon. Sediment storage within the lagoon must be
provided for the design life of the lagoon. This
storage volume is calculated by multiplying the
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Figure 6-18. Components of a lagoon system.

anticipated flow by the sediment load in the flow by
the design life. Figure 6-19 shows the basic lagoon
arrangement.

Components.

(1) Influent structure. The influent structure is
located and designed so that it is not sub-
merged.

(2) Effluent structure. The effluent structure is
designed to prevent the overflow residual
floating oils and solids.

(3) Liner. Liner performance should be resistant
to the action of petroleum products.

(4) Oil removal. Continuous oil removal in the
lagoon is not required.

(5) Sormwater. Stormwater capacity is designed
into the lagoon based on rainfall for the site. It
should be assumed that washing operations at
the CVWF can occur during a design storm
event.

(6) Waste discharge (recycle only). The lagoon
should have the capability of discharging 50
percent of its capacity to control dissolved
solidsthat will have accumulated in the wash
water. This amount can be reduced to 30
percent in areas where the rainfall meets or
exceeds the evaporation rate. The lagoon
should be monitored for dissolved solids each
month of operation.

(7) Maintenance. The lagoon should be moni-
tored for deterioration of water quality and for
leakage.

6-28. Discharge system

A tota discharge trestment system removes dirt and debris from
the wastewater before discharging the entire volume to a
secondary treatment system, usually a sewage treatment plant.
Figure 6-20 shows the unit processin a discharge system, and
figure 6-21 is a schematic depicting the treatment sequence.
Primary treatment is required to remove free oils and prevent
sediment deposition in the conveyances and causing a blockage.
Thistreatment also prevents large volumes of sediment and oil
dlugs from entering a sewage treatment plant which is usually
not designed to handle this type of waste. If it is not feasible or
practical to discharge the wastewater to a sanitary sewer system,
the water may have to be discharged to stormwater surface
drainage channels or storm sewers. If one of these methodsis
used, the water must be treated to produce an effluent quality
complying with the installation's National Pollutant Discharge
Elimination System (NPDES) permit since this type of
discharge is classed as a point source. The discharges must be
regularly monitored and reported.

a. Equalization basin. An equalization basin may be
required if the sewer lines or plant cannot accept the
total instantaneous volume of pretreated wastewa:
ter. If thewater volumeisto be introduced slowly to
the discharge location, an equalization basin should
be constructed to hold wastewater until it is
discharged. The basin should be designed as previ-
ously described.

b.  Water supply basin. A water supply basin may be
required in a non-recycle system if the wash de-
mand exceeds the available source of supply. This
should be planned, designed and constructed as
previously described.
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Figure 6-19. General flow schematic of a lagoon system.
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Figure 6-20. Components of a total discharge system.

Section V. WATER SUPPLY BASIN

6-29. Introduction

Filtered water from the secondary treatment facility (sand filter
or lagoon) flows by gravity into the wash water supply basin.
Thisisalined basin which stores the filtered wash water supply
for the vehicle wash area. Maximum and minimum operating
levels are monitored by level sensors in the wash water
pumping station. The basin is sized to store, at a minimum, the
quantity of water required to wash the maximum number of
vehicles for which the facility is designed during the design
wash period. Makeup water for the CVWF is added into the
water supply basin. If necessary, excess water can be
discharged from this basin; however, the basin should be sized
to hold the water demand volume plus storm water from a one-
hour duration 10-year storm event.

6-30. Capacity

The effective water volume of the basin should be based on V
for aone week wash period or V., for a peak use period,
whichever is greater. A safety factor ranging from 1.25to 2.0
times V,, or V .,, should be incorporated to help insure ad-
equate water volume at al times. The basin should include 3
feet (1.0 meter) of freeboard above the highest water level,
including an alowance for stormwater. There is no need to
provide for sediment storage in this basin since the water in the
basin should not contain sediment. A depth of 2 to 4 feet should
be alowed for dead storage at the bottom of the basin. This
additional volume alows for submergence of the effluent
control structure. Figures 6-22 and 6-23 show different views
of awater supply basin. The designer must ensure that the size
of the water supply basin is compatible with the influent volume
from the secondary treatment or water source and with the

effluent volume to the wash facility. If the basin is too small,
therewill not be enough wash water, but if it istoo large, it will
not be cost-effective. The effective depth of the water supply
basin should be 5 to 8 feet (1.5 to 2.5 meters). Deeper basins
should be considered in arid regions to reduce water surface
areas, thereby minimizing evaporation.

6-31. Liner

The water supply basin may be lined with concrete, clay, or a
synthetic material, if required, such as those described for the
equalization basin (para 6-26 above). In areas with high
evgporation rates, light-colored basin liners might be considered
to lower solar heat gain and decrease the evaporation rate.

6-32. Influent structure

An energy disspation device or treatment should be installed at
theinlet to disspate the energy of the influent water and prevent
liner erosion. Theinlet should be close to the maximum water
elevation in the basin to prevent water from backing up into the
pipe and surcharging the sand filter drain system.

6-33. Service

There should be little, if any, solids deposition in this basin, so
there is no need for a ramped service entrance into it. There
should dso beno ail in this basin, so no oil remova equipment
is needed.

6-34. Security

Fences may have to installed around the basin to prevent
animals from entering the areato drink or bathe.

6-25



TM 5-814-9

EQUAL IZATION
BASIN
(OPTIONAL)

DISCHARGE TO
COLLECTION SYSTEM

WASH
FACILITY
~ WATER
WATER
SUPPLY METER
BASIN O
(OPTIONAL) MAKE-UP
WATER
!
SEDIMENT
BASIN

6-26

Figure 6-21. General flow schematic of a total discharge system.
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Figure 6-23. Water supply basin—cross section.

6-27



TM 5-814-9

Section VI. OTHER TREATMENT SYSTEM COMPONENTS

6-35. Water source

All treatment Systems will require a reliable water source for
charging the CVWF initially for make-up, regardless of the
form of secondary treatment. The volume of water required will
depend on the type of wash facility constructed, type and
configuration of the treatment system, frequency of use, losses,
and the locd climate. If a recycle system is provided, the
designer must determine the most feasible and economical
method of filling the system initially and then maintaining the
water level in the system by adding makeup water from the
water source. Makeup water will be required to restore the
system to aworking level aswater to carried off by the vehicles
or lost to evaporation and overspray. All origina source and
makeup water should be added at the water supply basin, if
provided. This water should be uncontaminated, reasonably
clean, and should not require treatment before being introduced
into the system. All sources of water available at the installation
should be considered for use, singly or in combination, as
sources of water at a CVWF including dedicated wells, surface
water, tapping into the existing potable water supply or
captured rainwater.

a.  Typeof facility. A wash facility that has a prewash
will require more makeup water than afacility with
only wash stations because of increased water lost
by vehicle carry-off, overspray, and evaporation.
Water losses from carry-off can be as high as 160
gallons per vehicle. Losses due to overspray and
evaporation can be as high as 10% from water
cannons and 5% from hoses at wash stations.

b.  Type and configuration of treatment system. The
type and configuration of the treatment system is
another factor to consider when estimating the vol-
ume of makeup water required. A discharge system
will reguire that the total water demand including
makeup be taken from the developed water source.
Inarecycdesysem, only the water lost to overspray,
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evaporation and vehicle carry-off will need to be
replaced from the water source. Treatment systems
with basins that have large surface areas may have
greater water |osses due to evaporation than basins
with smaller surface areas. Thisloss will increase
the volume of makeup water required, as discussed
below.

c. Climate. The evaporation rate at the installation
must be considered when cal culating the volume of
make-up water needed to maintain the total demand.
Thevolume of rainfall at theinstallation aswell as
the amount lost to evaporation should be calculated
to determine the volume of water needed from the
water source. Water balance computations should
be performed by the designer to assure adequate
supplies of water throughout the entire washing
Season.

6-36. Piping

Wastewater should be conveyed by gravity whenever possible
for economy. Pumping should be avoided because residual oils
may become emulsified and difficult to remove, solids cause
wear on pumps and pumps add significant capital and operating
cost to the facility. Conveyances, whether gravity sewers or
open channel, must be constructed to grades which will provide
adequate scouring velocity to prevent solids deposition. All
pipes must be designed for peak hydraulic and solids loadings,
including that contribution from storm water runoff from
hardstands. Open-channel flow should be used whenever
possible for ease of maintenance. If siting problems or severe
dopes make open-channel flow impractical, the designer should
use large-diameter pipes. Locate manholes at each change in
slope or direction and at each pipe intersection. Design long,
graight sections of conduit to minimize the number of manholes
required. All frequently operated, buried valves should be
accessible through pits or manholes.



