APPENDIX A
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DESIGN EXAMPLE

A-1. Introduction

The following fictional case study example illustrates the
planning and design procedures presented in this manual. This
exampleinvolves Fort Svampy, aU.S. Army Forces Command
(FORSCOM) installation which also trains National Guard
units. The ingtallation is located in a region with annua
precipitation level of 63 inches (1.6 meters), and a 1-hr., 10-yr
design storm of 2 inches (5.1 centimeters) intensity. The
evgporation rate at the installation is 68 inches (1.7 meters) per
year. The soil in the training areas contains some expansive,
cohesive clays that will be a problem to remove from vehicles
during the rainy periods throughout the year. Freezing tem-
peratures are not expected at the installation. The prevailing
winds are from the west-northwest.

A-2. Master planning consderations

a. Training schedule. Two major training activities
were scheduled at Fort Swampy last year, with the
same number of major exercises expected to con-
tinuein the future. The installation requires vehicle
washing al year. Table A-l lists al of the troop
units on-post by motor pool assignment. During a
major exercise, the installation sends al working
vehicles to the field. Range Control reports that it
takes from 2 to 4 days to recall al of the vehicles
from the field. Daily training activities consist of
three or four company teams going to and returning
from the field. Each company team consists of
approximately 8 tracked vehicles and 30 wheeled
vehicles. The National Guard units perform both
monthly and annual training activities at the in-
gdlation. The installation has provided the planner
with a summary of the estimated number and types
of N. 0. vehiclesreturning from the training field on
amonthly basis. Thisinformation is listed in table
A-2 and graphically in figure A-l to show the
digtribution of vehicles used throughout the training
year.

b. Number and types of vehicles.

(1) Regular Army. Table A-1 shows the vehicle
types by motor pool. Several unitsarein each
motor pool. A mgor training exercise assumes
that every unit in every motor pool goes out to
the field. Skirted vehicles, such as the M-I
tank, are more difficult to clean since dirt can
collect under the skirt. Fort Swampy currently
has 85 M-I tanks, and more are expected to be
acquired in the future. Seventy-nine percent of
the vehicles are wheeled.

(2) National Guard units.

(a8 The following vehicles will return after
the monthly National Guard training
events:

31 light track 146 light wheel
26 heavy track (noM-ls) 58 heavy whedl
57 total tracked vehicles 204 total wheeled vehicles

(b) Seventy-eight percent of the total number
of vehiclesto be washed at the CVWF are
wheeled.

(c) Washing requirements. The Regular Army at Fort

Swampy requires that all vehicles be washed as
they return from field exercises. The ingtallation
requires that vehicles returning from major field
exercises be washed within a period of 54 hours.
V ehicles returning from routine, daily training ac-
tivities must be washed within aperiod of 3 hours.
The Nationa Guard requires its vehicles to be
washed within 8 hours of completing field exer-
cises. Both the installation and the National Guard
have indicated some flexibility with these washing
times. Night time washing operations must be
provided to meet the installation’s requirements;
therefore, lighting will be provided in the prepara-
tion, bath, wash gtation, and vehicle assembly areas.
Vehicle interior washing capabilities are aso
required by the installation. Since the vehicles are
returned to the motor pools for maintenance inspec-
tions, they must receive a detailed washing.

. Vehicle soiling. Soil samples taken from the

training areas, as well as off dirty vehicles, have
been tested in a soils laboratory. A grain size
analysis (dispersed) was made as described in
chapter 3. Results indicated a composition of 14
percent sand, 54 percent silt, and 32 percent clay.
From the soil classification diagram (fig 3-3), the
soil isasdilty clay with a soil type number (S) of 4.
Based on the amount of rain received annualy at the
ingtdlation and the fact that the rainy seasonisaso
atraining season, the climatic factor was chosen as
2.0. From equation 3-1, the soiling index (S) is
calculated to be 8, which indicates heavy soiling
conditions and thus potentialy longer washing
times using standard means. A nondispersed
particle size analysis was aso made by the
laboratory which indicated that 50 percent of the
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Table A—1. Number of vehicle types by motor pool assignment

Unit nanes by Heavy Li ght Heavy Li ght Nonst andar d
not or pool track track wheel wheel and trailers
HHC I nfantry 2 6 5 11 4
Infantry 85 11 49 18 2
Ar mor 74 7 53 12 7
HHB Di varty 1 11 17

Field Artillery 14 26 41 27 2
Field Artillery, FC 16 19 57 31 2
Field Artillery 10 24 41 29 2
HHC Di vi si on Support Cnd 7 11 5

Mai nt enance BN 118 50 9
Supply and Transport EN 101 25 17
NBC BN ( Provi sional) 27 39 1
Infantry 3 1 5 24 2
Medi cal BN 62 47 1
Engi neer BN 6 39 36 5
Engi neer BN 10 42 11 20
Mai nt enance Conpany 1 29 2 5
Mai nt enance Conpany 1 37 9 5
Ordnance Conpany 25 6 4
supply & Support Co 25 7 6
Supply Conpany 21 6 6
HHD, TVans BN 1 6 3
Mlitary Police EN 5 72 2
Air Defense Artillery 18 2 39 101 3
Caval ry 94 5 32 25 2
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Table A-1. Number of vehicle types, by motor pool assignment—continued
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Engi neer BK 82 5
Engi neer BK

Si gnal BK

M EN 14 1
Air BK

TOTAL

Total Tracked 538

Total \heel ed 1973

53

49

38

25

42

64

2

131

47

28

Table A-2. Number of vehicles returning from the field each month.

Tot al Tot al
Mont h tracked wheel ed
Jan 253 233
Feb 354 467
Mar 456 343
Apr 753 958
May 872 1089
Jun 768 1125
Jul 1198 1299
Aug 1227 1698
Sep 865 944
Cct 723 834
Nov 321 232
Dec 194 176
Avg per
nmont h 665 783
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Figure A-1 Vehicles returning from the training areas each month.

particleswerelarger than 0.05 mm, 80 percent
of the particles were larger than 0.02 mm, 90
percent of the particles were larger than 0.01
mm, and 97 percent of the particles were larger
than 0.005 mm.

Installation requirements.
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Prewash. A bath prewash isindicated at Fort
Swampy because cohesive soil found in the
training areas, combined with the limited
washing period, require the type of prewashing
best served by a bath facility. To achieve the
desired soaking action on the skirted M- 1
tanksfor gross soil removal, the depth of water
in the bath should be adjustable up to 3.5 feet
(1.1 meters).

Wash stations. The wash stations will be the
standard design described in chapter 4. Interior
wash equipment will be included. Since
tracked vehicles will also be using the wash
stations, each idand must be protected by
concrete barriers and al pavement in the
CVWF must be constructed of concrete.

Preparation area. Since the CYWF will have
abath, two preparation areas arerequired. The

(4)

()

first area will be located before the bath to
allow troops to prepare the vehicles for
washing and to queue-up behind the bath lane.
The second preparation area will be between
the bath exit and the entrance to the wash
dations, thisis a queuing areafor vehicles that
have |eft the bath or have bypassed the bath.

Waste washwater treatment. Fort Swampy
purchases potable water from a local water
district at a current price of$ 1 per 1000
gdlons (3785 liters). The existing wastewater
treatment system at the installation does not
have the capacity to treat the large hydraulic
and solids loadings expected from the CVWF.
In addition, the State will not allow discharge
to the environment. Therefore, atotal recycle
system is required. Due to the high clay
content of soilsin the training area, laboratory
settling tests have indicated extremely long
detention times should be required for alagoon
treatment, therefore a sand filter system was
chosen as the form of secondary treatment

Makeup water. Sources have been investigated
and the only rdiable, environmentaly
acceptable source of makeup water is the po-
table water system. The potable water supply



A. Number of tracked

lanes:

B. Number of dual-purpose

lanes:

is limited to 3 million gallons (11.36 million
liters) per day. Daily water usage at the instal-
lation is 2 million gallons (7.57 million liters)
per day, with 1 million gallons (3.79 million
liters) reserved for firefighting. No water is
avalable for expansion of facilities. However,
it is estimated that the motor pools now use
0.13 to 0.20 million gallons (0.49 to 0.76
million liters) of water per day to wash
vehicles. Part of this volume of conserved
water can be used as makeup water for the new
CVWEF.

Szng.
(1) Bathprewash. The designer estimates that the

processing rate through the bath will be 6
vehicles per hour per tracked vehicle lane and
11 vehicles per hour per dua-purpose lane.
This decision was based on the soiling index
computed for the site and the processing rates
givenin chapter 3and illustrated on figure 3-4.

(8 Regular Army. The designer uses equa-
tions 3-2 and 3-3 from chapter 3 to
determine how many tracked and dual-
purpose lanes are needed for prewashing
Regular Army vehicles. The tracked lanes
will be used for most of the large tactical
vehicles; therefore, dual-purpose lanes are
estimated without including the tracked
vehicles, as discussed in chapter 3. The
installation has estimated that 80 percent
of the tracked vehicles and 65 percent of
the wheeled vehicles returning from the
field will require immediate washing in
the bath with the rest bypassing to the
wash stations. It has been assumed that
trailers and nonstandard vehicles, such as
bulldozers and goers, will proceed directly
to the wash stations. Other vehicles, such
as ambulances and support vehicles, may
not require immediate washing and will
use the facility a a later time.
Malfunctioning vehicles may be returned
to the motor pool directly or may beleft in
the field until all other vehicles return.
Thedesigner has a so considered vehicles
in-tow such as tanks and trailers. Using
the vehicle counts from table A-2, the
number of tracked and dual-purpose lanes
required for washing after amajor training
exercise are computed:

0.80x(538veh) = =1.33lanes
6 veh/hr/lane x (54 hr)

0.65x (1973veh) = 2.16lanes
11 veh/hr/lane x (54 hr)

TM 5-814-9

Sincetheingtalation is flexible with respect to washing times,
the designer rounds the number of lanes as described in chapter
3. One tracked lane and two dua-purpose lanes were
recommended to accommodate the Regular Army’s needs.
Using the above information, the numbers of tracked and dual-
purpose lanes required for washing after routine daily training
exercises are computed:

C. Number of tracked  0.80 x 8 veh/team x 4 teams = 1l42lanes
lanes 6 veh/hr/lane x 3 hr

D. No.dual-purpose  0.65x 30veh/teamx 4teams = 2.36lanes
lanes 11 veh/hr/lane x 3 hr

It is gpparent that the one tracked vehicle lane and the two dual-
purpose lanes estimated above will meet the requirements for
both major training exercises and routine daily training activi-
ties.

(b) National Guard. The same computation is
used to compare the bath requirements for the
Nationa Guard units except that a high
percentage of vehicles will use the bath
because there are few support vehicles and all
units are to be returned to the motor pool
extremely clean. It is estimated that 90 percent
of tracked vehicles and 75 percent of wheeled
vehicles will use the bath prewash. Using
information from above, the number of bath
lanes required is computed:

E. No. tracked lanes 0.90 x 57 veh = 1.07lanes
6 veh/hr/lane x83 hr F.F.
F. No. dual-purpose lanes 0.75 x 204 veh = 1.74lanes
11 veh/hr/lane x 8 hr

A comparison of the results shows that the one tracked lane and
two dual-purpose lanes will satisfy both Regular Army and
National Guard needs at the prewash facility. Designer realizes
that light-tracked vehicles may be washed in the dual-purpose
lanes.

(2) Wash stations. The clay content in the soils at
the installation and the requirement that ve-
hicles return to the motor pools well cleaned
for inspection and maintenance after washing
suggest that the processing time required for
troops to do a detailed washing at the wash
stations will be at the high end of the range.
From the processing rates given in chapter 3
(fig 3-4) and the soiling index (S) previously
computed, the designer has determined that
3.75 vehicles can be processed per hour in
each wash station following the prewash. For
the tracked vehicles not using the prewash, a
processing rate of 1.75 vehicles per hour is
selected; and for wheeled vehicles not using
the prewash, a processing rate of 5 vehicles per
hour is selected. Compute the number of wash
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lanes required after amajor training exercise:

G. Tracks from bath:

Tracks bypassing bath:

Wheeled from bath:

Wheeled bypassing bath:

0.80 x 538 veh =212

3.75 veh/hr/lane x 54 hr

0.20 x 538 veh =114

1.75 veh/hr/lane x 54 hr

0.65x 1973 veh =6.33

3.75veh/hr/lane x 54 hr

035 x 1973 veh =2.56

5 veh/hr/lane x 54 hr

Total Wash Lanes = 12.15 lanes

The number of lanes required to meet the daily training exercise

is computed:
H. Tracks from bath: 0.80 x 32 veh =228
3.75 veh/hr/lane x 3 hr
Tracks bypassing bath: 0.20x 32 veh =122
1.75 veh/hr/lane x 3 hr
Wheeled from bath: 0,65 x 120 yeh =693
3.75veh/hr/lane x 3 hr
Wheeled bypassing bath: 0.35x 120 v¢h =280
S veh/hr/lane x 3 hr
Total Wash Lanes =13.23 lanes

Requirements for the Regular Army exceed those for the
Nationa Guard and becausethe installation is flexible in regard
to wash times, the designer selects 12 wash stations.

0. Steselection.
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(3)

A-6

Geography. The site selected over several
posshilitiesis adjacent to the only main route,
Range Road, that the vehicles will travel as
they return to the cantonment area from the
training fields.

Geology. The site has 45 feet (13.7 meters) of
relief over a 25-acre (0.10-square kilometer)
area. The dite is on the top of aridge that is
approximately 200 feet (61 .0 meters) wide
and 700 feet (213.4 meters) long. Site borings
have shown that the water table will not inter-
fere with construction or operation of the
CVWEF. The site has never been used for any
purpose. Engineers have determined that if
work to lengthen or widen the ridge is to be
doneat the site, it will raise construction costs
congderably dueto thelocation of the bedrock.
Figure A-2 shows a topographic map of the
site.

Utilities. All reguired utilities are within a
reasonabl e distance to the proposed site. A 10
inch (25.4-centimeter) potable water line runs

A-3.

parallel to Range Road. Electrical and tele-
phone lines also run parallel to thisroad. The
latrines can betied into the sanitary sewer lines
which arewithin 0.75 miles (1.2 kilometers) of
the dte. Aslong aswastewater from the facility
is recycled, the added load from the CVWF is
not expected to burden any of the existing
sewer lines.

Engineering and design

a. Bath design. Figure A-3 shows the bath arrange-
ment for the new Fort Swampy CVWF consisting of
one tracked lane and two dua purpose lanes.
Dimensions are taken from the definitive drawings
and entrance and exit slopes are selected as shown.
Overal length is computed using these slopes.
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(4)

Water cannons. The flow rate from the water
cannons in al lanes is selected as 80 gallons
per minute (gpm) (303 liters per minute). The
delivered pressure selected is 100 pounds per
squareinch (psi) (6.8 atmospheres). These are
the maximum flow rate and pressure values
recommended and are chosen because the soil
conggtsof clays which are not easily removed.

Flexors. Flexors in the dual-purpose lane
should be exposed 4 inches (10.1 centimeters)
with a center-to-center spacing of 17 inches
(43.2 centimeters), since about the same num-
ber of light- and heavy-wheeled vehicles are
expected to use the bath. The tracked lane
should have flexors exposed 10 inches (25.4
centimeters) and spaced 5.5 feet (1.7 meters)
o.c. because the primary user will be heavy
tracked vehicles.

Entrance ramp. Because Fort Swampy does
not have freezing weather, the maximum slope
ontheentranceramp, 1in 7, can be used. This
design will give a projected ramp length of
24.5 feet (7.5 meters).

Exit ramp. The maximum slope of 1in 11 can
be used for the exit ramp. With this dlope, the
projected ramp length is 385 feet (11.7
meters).

b. Wash station design. The flow rate selected per
hose is 30 gpm (114 liters per minute) at 90 psi
(6.1 atmospheres) pressure. These are the

maximum

flow rate and pressure values

recommended and were chosen because the soil
consists of clays which are not easily removed.
Interior washing points, which are low-pressure,
low-flow outlets consisting of yard hydrant and
utility hose will be placed at each idand. The
limited area for construction on the natural ridge
will dictate the configuration of the wash station
area. Two configurations, A and B, are evaluated.
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Figure A-2. Site map with a proposed layout—Fort Swampy.
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A-8
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Configuration A. With the 12 stations placed
in alinear fashion perpendicular to traffic flow
and a standard center-to-center spacing of 25
feet (7.6 meters), the total width of the wash
station would be 300 feet (91.2 meters) (fig A-
4). Adding the width of the bypass lane, 22 feet
(6.7 meters), yields afacility width of 322 feet
(97.9 meters), which is too wide to be con-
structed on this narrow ridge.

Configuration B. This configuration would
place the isands in two parallel rows, with a
queuing area down the center of the rows and
two bypass lanes on the outside of the stations
(fig A-5). Haf-idands are placed at the ends of
each row. Theidands would be placed at a 60
degree skew to the normal flow of traffic. This
layout would require more area to be cleared
and paved, but the facility width would be no
more than 180 feet (54.9 meters), which isless
than the constraint imposed by the ridge. The
designer chooses configuration B as the best
adternative after performing a cost comparison.

c. Vehicle preparation areas. The instalation has
gated that three vehicles queuing to enter each bath
lane should be sufficient. Other vehicles waiting to
use the facility can queu-up along Range Road
adjacent to the wash facility. If traffic problems
occur, Range Control will coordinate the number of
vehicles leaving the training areas with the wash
facility activities.
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The entrance vehicle preparation area should
provide enough room for three vehicles per
lane to wait to be washed in the bath. The
longest tracked vehicle to use the facility isthe
M-I tank, which is some 32 feet (9.8 meters)
long. The longest wheeled vehicle is the M-
978 Tanker Truck at 33 feet (10 meters). At
least 52 feet (12.8 meters) per vehicle should
be allowed (10 feet (3.Im) clear on each end).
Therefore, the preparation area should be at
least 156 feet (47.5 meters) long. An additional
20 percent or 30 feet (9.0 meters) of entrance
staging is added yielding a total length of 165
feet (50.3 meters).

The preparation area between the bath and the
wash stations should be at least two vehicle
lengths, rounded to 60 feet (18.2 meters) with
all other factors considered. The assembly area
after the wash stations should also alow for
two vehicles, again rounded to 60 feet (18.2
meters).

The aide space between the two rows of is-
lands should be at least 75 feet (22.9 meters)

wide to alow the vehicles to maneuver and
queue and the Exit lanes should be a minimum
of 22 feet (6. 7m) wide. The exit vehicle
assembly area will be the full width of the
facility, 159 feet (48.5 meters). Figure A-S
shows these dimensions.

d. Szng thetreatment system.

oy

Water usage factor. A bath system is to be
installed. The soils on the vehicles will be
partially cohesive, and not easily removed;
therefore, a reasonably steady rate of vehicles
is expected through the bath and the wash
stations. The designer selects the following
estimates for the various water usage factors,
based on experience: U, = 1.0; U, = (bath full)

U,=0.90; U, =0.80; U, =0.20; U, = 0.20; U, = 0.20; U, = 0.80; U, = 0.20

2

3

Cleanup time. The cleanup time (K) is esti-
mated to be 1 hour based on the 30 minutesit
will take the operator to drain the bath (T,) and
an additional 30 minutes for troops to hose
down the bath and staging areas. It is assumed
that bath flushing and area clean-up will occur
once per wash period.

Flow rate. Using the parameters defined in

chapter 6, the designer computes the various
flow conditions.

fa) Bathdrain flow rate, Q.

Refer to figure A—6.
Q = (widthxcross section) x 7.48
gpcf/drain time
Q = (90 ftx285sf) x 7.48/30 min
Q, = 6395gpm (24207 Lpm)
(b) Bath overflow, Q,:
Q, = Number of cannons x cannon
discharge
Q, = N, xF_
Q, = 12x80gpm
Q, = 960 gpm (3634 Lpm)
(c) Wash station flow, Q,:
Q, = Number of wash station hoses
x hose discharge
Q, = N xF
Q, = 24x30gpm
Q, = 720 gpm (2725 Lpm)
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Q, = Numberof interior washpoints
(d) Entrance area trench flush flow, Q, x hose discharge
Q, = Number of flusher points x Q, = N,_xF_
flusher discharge
Q, = 12x10gpm
= N xF

Q4 a Xy Q7 = 120 gpm (454 me)

Q = Ix 75 gpm (h) Clean-up yard hydrant flow, Q:

Q, = 75gpm (284 Lpm)

A totd of six hydrants, strategicaly

Bath flush , Q.-
(e)  Bathflush flow, ©, placed, are required to hose down the

Q, = Numberofflushpointsx flusher paved aress.
discharge
Q. = N xF Q, = Number of hydrant hose con-
s ud ud

nections x hydrant discharge
Q, = 4x750gpm

Q = NxF
Q, = 3000 gpm (11355 Lpm) Q = 6x30gpm
()  Wash station trench flushes flow, Q Q, = 180 gpm (681 Lpm)
Q, = b{umberofﬂushpointsxﬂusher (i) Storm runoff from paved wash facility, Q,:
discharge
Q = N,xF, Use Rational Formula with runoff coefficient,

Q, = 3x75gpm C, of 0.95 and arainfal intensity fora 1-hr., I.-
yr storm of 2.0 inches. Then,

Q, = 225gpm (852 Lpm)
(g) Interior hydrant flow at wash stations, Q, = CxlIxLengthx width/43560
0. gfpa
Q, = 095x2.0x 580 ft. x 160 ft.
43560 gfpa
A total of six duplex hose bibs are placed
on dternating full islands to serve the 12 Q = i‘os cfs or 1818 gpm (6881
wash gtations. pm)
— FREEBOARD
ENTRANCE MAX WATER EXIT
ELEVATION
® | I © !0 ,
I
1 35FT !
! ] !
! {I.1 M) |
7 [
24 .5FT I BOFT 38.5FT
(7.5 M) ' (15.2M) o (1.7 M)

CROSS SECTION AREA: Y%(24.5FT + 3B.5FT)(3.5FT) + 3.5FT x 50 FT
= 285 FT? (271 M)
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Figure A-6 Cross section of the bath.



() Rainfall falling on open basins, Q,,

1) Edtimate surface area of dual-cell
sediment basin

LxWx2=150ftx50ftx 2 =
15,000 sf

2) Edtimate surface area of equalization
basin
L x W =300 ft x 300 ft - 90,000 sf

3) Estimate surface area of sand filters
L x W=300 ft x 150 ft = 45,000 sf

4) Estimate surface area of washwater
supply basin

L x W =300 ft x 300 ft = 90,000 sf
Then: Q,, = CxIxAy/143560 SfpA

Qo = 1.0 x 2.0 x 240,000 sf/

43560 SfpA

QY = 1lcfsor4937 gpm
(18686 Lpm)

(k) A summary of computed flows is pre-
sented in Table A-3.

Overflow rate, Q,

Using equation 6-5, calculate the sedi-
ment basin overflow rate during the
washing period. The designer assumes
that the entrance preparation area trench
flusher, represented by Q,, and the bath
flushers, represented by Q;, are not in
operation after the bath is filled and,
therefore these values are not used in the
calculation. Apply the appropriate usage
factor at each flow source. Then,

Quer = UQ, +U,Q; + UgQs + UsQ;

Q.. = 0.90 (960 gpm) + 0.80 (720
gom) + 0.20 (225 gpm) +
0.30)(120 gpm)

Q. = 1581 gpm (5984 Lpm)

(4) Volumes. Using equations defined in chapter 6,
the designer computes the various component
volumes for the following selected average
daily conditions:

Clean-up period, K 60 min
Daily wash period, T, 180 min
Total Wash and clean -up T? 240 min
Storm Duration, T, 60 min

(a) Earth volume drained, VV,. Assume only
one bath fill/flush per wash period.

Then, V, = Bath volume x Number of fills

(b)

(©

(d)

(©

(f)

©);

(h)
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V, = 90 ft x 285 sf x 7.48 gpcf x I fill
V, = 191862 gal (726198L)
Bath overflow volume, V.

V,= Bath weir overflow rate x (wash
period + clean up)

V,= Q,x T, =960 gpm x 240 min

V, = 230400 gal (872064L)

Wash station volume, V,:

V,= Wash gtation flow rate x wash period
V,= Q;x T, =720 gpm x 180 min

V, = 129600 gal (490536L )

Entrance trench flusher volume, V,;:

V,= trench flush flow rate x cleanup
period

V,= Q,x K =75gpm x 60 min
V,= 4500 gal (17032L)
Bath flusher volume,

V. = bath flusher flow rate x cleanup
period

V. Qg xk=3000gpmx 60 min
V= 180000 gal (681300L)
Wash station trench flusher volume, V;:

V= trench flusher flow rate x (wash
period + clean-up)

V= QX T,=225gpm x 240 min

V4= 54000 gal (204390L)

Interior wash water volume, V.

V, = Interior wash flow rate x wash period
V,= Q,xT=12gpmx 180 min

V, = 21600 gal (81756L)

Clean-up yard hydrant volume, Vg

Vg = yard hydrant flow rate x cleanup
period

A-13
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(i)

Q)

(K

Vg = Qg x K =180 gpm x 60 min
Vg = 10800 gal (40878L)
Pavement runoff volume, Vj:

V,= pavement runoff rate x storm
duration

Vg= Q,x T°= 1818 gpm x 60 min
Vy= 109080 gal (412868 L)
Rainfall volume added to basins, V,:

Vo= Rainfall rate x storm duration

V0= Qo X Tg=4937 gpm x 60 min
V= 296220 gal (1121193 L)

Summary of average daily volume. Table
A-4 summarizes the computed average

daily volumes for the stated design
conditions at Fort Swampy.

Total average daily volume for facility V,,: The designer

vg*

uses equation 6-2, however, designer chooses not to include
pavement runoff volume, V, or rainfall volume on basins, V
Designer dso assumes that flush water will be withdrawn from
the washwater supply basin and therefore, V,, V., and V are
included in the computation. Then,

Vag = UNHFUNVAUN#UNV +UV o+
UgVe tU; V7 + UgVy

Va, = 1.0(191862) + 0.9 (230400) +
0.8(129600) + 0.2(4500) +

0.2(180000) + 0.2(54000) +
0.8(21600) + 0.2(10800)

V., = 570042 gal (2157609 L)

(5) Calculate maximum volume for the peak use
period, V,,: The designer computes the vari-
ous component maximum volumes for the

Clean-up period, K

Peak use period. T,,
Total wash and clean-up, T, 3300 min (56 hr)
Storm duration, T,

following selected peak use conditions:

60 min (1 hr)
3240 min (55 hr)

60 min (1 hr)

The designer assumes that one bath fill, B, will be withdrawn
from the equalization basin.

A-14

(8 Maximum bath volume drained, V,:

V, = VgzxNumber of fills

Vi 191862 ga x 1

Vv,

191862 gal (726198 L)

(b)

(©

(d)

(©

(f)

)]

(h)

Maximum bath overflow volume, V,:

S
[

= bath overflow rate x (total wash
period plus clean-up)

V, = Q,xT,=960gpmx 3300 min
3168000 gal (11990880L)

S
1

Maximum volume from washstations, V,:

V, = washstation flow rate x peak
wash period

V, = Q;xT,=720gpm x 3240 min

2332800 gal (8829648 L)

=
1

Maximum volume from entrance trench
flusher, V,;

V, = entrancetrench flusher flow rate
x clean-up period

V, = Q,xK=75gpmx 60 minx3
cleanups

V, = 13500ga (51,098L)

Maximum volume from bath flushing, V.:

V, = bath flusher flow rate x cleanup
period

V., = Q;x K =3000gpm x 60 min

V. = 180000 gal (681300L)

Maximum volume from wash station
flushing. V6:

Ve = flusher flow rate x (wash plus

cleanup + two additional clean-
up periods)

Ve = Qex (T, +2K)

Ve = 225 gpm (3300 min + 2 x 60
min)

V, = 769500 gal (2912558 L)

Maximum interior wash water volume,

V, = Interior wash flow rate x wash
period

V, = Q,xTw=120gpm x 3240 min

V, = 388880gal (1471608 L)

Maximum volume from yard hydrants,

Vg:



Table A—3. Summary of CVWF flow rates.
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Di schar ge Fl Lcir\]/\ll tRat e Total Flow (Q
Par amet er Poi nt s gpm Lpm gpm Lpm
Q Bath out fl ow 6395 24207 6395 24207
Q Water cannons 12 cannons 80 303 960 3634
Q Wash stations 24  hone. 30 114 720 2725
Q Prep flushers 1 flusher 75 284 75 284
Q Bath flushers 4 flushers 75 2840 3000 11355
Q Trench flushers 3 flushers 75 284 225 852
Q Interior wash 12 hoses 10 38 120 454
Q Yard hydrants 6 nozzle. 30 114 180 681
Q Rainfall pavenment 2.13 acres 1818 6881 1818 6881
Qo Rainfall basins 5.51 acres 4937 18686 4937 18686
Table A—4. Summary of average daily volume.
Tot al
Di schar ge Fl ow Rate Operating Vol une (V)
Par aret er Poi nt s gpm 1pm time, mn gal L
V, Bath out fl ow 6395 24207 30 191862 726198
V, Wat er cannons 12 cannons 960 3634 240 230400 872064
V, Wash stations 24 hoses 30 2725 180 129600 490536
V, Prep flushers 1 flusher 75 284 60 4500 17032
V, Bath flushers 4 flushers 3000 11355 60 180000 681300
V; Trench flushers 3 flushers 225 852 240 54000 204390
V, Interior wash 12 hoses 120 454 180 21600 81756
Vg Yard hydrants 6 nozzles 180 681 60 10800 40878
V, Rainfall pavenent 2.13 acres 1818 6881 60 109080 412868
V,, Rai nfall basins 5.51 acres 4937 18686 60 296220 1121193
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(6)

Vg, = yard hydrant flow rate x clean-
up period X humber clean-ups
V& = Q,xK x3=10800 ga x 60 min

X3
Vg = 32400 gal (122634 L)

(i) Maximum pavement runoff volume, V:

Vy, = pavement runoff rate x storm
duration

Vg = QyxTg=1818 gpm x 60 min

Vg = 109080 gal (412868 L)

() Maximum rainfall volume on basins, V,:

rainfall rate x storm duration

VlO
Vo = QX Tg=4937 gpmx 60 min
V,, = 296220gal (11211931L)

(k) Summary of maximumvolumes. Table A-
5 summarizes the computed maximum
volumes for the stated conditions at Fort
Swampy.

Cal cul ate maximum wash volume for facility, V:

Viae = U Vi+UV+UV UV i+
UsVs +UgV U,V +UgV
V.., = 1.0(1918629al) +0.9

(3168000gal) + 0.8(2332800
gal) + 0.2(13500 gal) +
0.2(180000 gal) +0.2(769500
gal) +0.8(388800 gal) +
0.2(32400 gal)

V. = 54319422 gal (20512512L) or
V,. = 724,522 cf (20287 CM)

Sediment basin design. The effective water
depth of the basin will be 8 feet (2.4 meters)
and free board is 2 feet (0.6 meters). The
sediment depth will be determined by calcula
tions. Settling tests performed on soilsfound in
the training areas showed that 82 percent of the
suspended solidswill settle in less than 2 hours
(120 minutes). This can be checked
theoretically by using Stoke’s Law and the
nondispersed soil particle gradation test re-
aults, after the basin size has been determined.

(a) Operation. A dual-celled sediment basin
isrequired. One cell will be used to settle
solids during continuous washing and the
adjacent basin will detain the surge
volume crested when the bath is flushed.
A dual-cell arrangement will aso allow

one cell to be closed for cleaning while
the other is tresting wastewater; the
wastewater will not have the designed
detention time, but the wash facility will
be operable. Theinstallation hasindicated
that the basins will be cleaned every 6
months and it will take approximately 5
daysto drain and clean each cell.

(b) Water volume. In addition to a sediment
volume, each cell in the basin must be
able to hold the greater of the overflow
and bath volume or the stormwater vol-
ume; therefore, the bath and the overflow
volumes ae compared with the
stormwater volume to determine which
vauewill control the basin site. The total
volume of water required in each cell is

computed:
V,, = Bathoverflow volume + bath volume =
. time+V
Q.. detention s
min + 202633 gal
V, = 1581 gpmx 120
ns (1485056 L)
V,, = 392353gallo
(1469 CM)
V,, = 52453cf

Calculate storm water volume:

Vg = paved areastorm runoff

gpcf

v
Vg J7.48
14582 cf (408 CM)

Vg 109080/7.48 =
Since the overflow plus the bath volume is larger than the
sormwater runoff volume, the ovefflow plus bath volume isthe
controlling factor and each cell is sized to detain at least 52453
cf (1504 CM) of water. The designer chooses an effective water
depth of 8 ft. (2.4 M), an access ramp slope of 1 on 6, aramp
width of 18 ft. and abasin length-to-width ratio of 3to 1. Figure
A-7 shows the general geometry of each cell. The dimensions
of the basin are then calculated using the information given and
noting that the volume occupied by the ramp must be
considered:

Vo= LsxWgx Dy -1/2x L, x D, x W, = 52453

w x 8 x 18 = 52453
3Wsx x8-1/2x48

042
Ws=2

13.7M
W =451t. ( )

.(41.2M
and L®=135ft ( )

(c) Sediment volume. The designer estimates that
the ingtallation has average-to-heavy soiling
conditions. By applying Stoke’s Law, using
Q,.« Withthe basin size previoudly calculated,
and checking the soil particle size information,
removal of 82 percent of the soil, as deter-
mined by settling tests, is verified. Using equa-



TM 5-814-9

Table A—5 Summary of Maximum Volumes

Di schar ge Fl ow Rate Operating Vol une (V)

Par aret er Poi nt s gpm 1pm time, mn gal L
V, Bath out fl ow 6395 24207 30 191862 726198
V, Wat er cannons 12 cannons 80 303 3300 3168000 11990880
V, Wash stations 24 hoses 30 114 3240 2332800 8829648
V, Prep flushers 1 flusher 75 284 180 13500 51098
V, Bath flushers 4 flushers 750 2840 60 180000 681300
V; Trench flushers 3 flushers 75 284 3420 769500 2912558
V, Interior wash 12 hoses 10 38 3240 388000 1471608
Vg Yard hydrants 6 nozzles 30 114 180 32400 122634
V, Rainfall pavenent 2.15 acres 1818 6881 60 109080 412868
V,, Rai nfall basins 5.51 acres 4937 18686 60 296220 1121193

tions 6-3 and 6-4 with data from table A-2: (10788045 L)

Sediment Volume = (Tracked vol. + Wheeled
vol.) x duration of wash season x sediment
basin trap efficiency.

Sediment volume = (2.0 cu ft x 665 washed + 0.6 cu ft x 783 washes)
wash month wash month
x 6 months x 0.82 percent
cleaning
=8855 cf (248 CM)

The same equations that were used to size the cell based on
water volume are used to size the cell for the sediment volume,
except that the volume of the ramp is assumed negligible. The
width and length of the cell are known, and the depth is
caculated. Thus—

(Ls- L,) XW, x D, = Sediment volume
(245 ft - 48 ft) x 48 ft x D, = 8855 cf
D,= 1.9ft. (0.58M)

say D, =2.0ft. (0. 61M)

(d) Total cell size. The calculated sediment
basin dimensions are summarized in fig-
ure A-8.

(7) Equdization basin. Thevolume of water in the
equalization basins is based on the greater of
xavg.for any assumed 5 day wash period or

max*

Vg = 5XV,,=5x570042 gal= 2850210 gal

V o =381044 cf (10699 CM) or;
Vg =V o = 724522 cf (20287 CM)

The designer uses a safety factor of 1.25 times the value of
Vmax or 905653 cf (25358CM to size the basin. The designer
sdects an effective water depth of 8 ft (2.4 M), 2.0t (0.6 M) of
sediment storage, 2.0 ft (0.6 M) of dead storage or atotal depth
of 15 ft (3.7 M). The average area at the mid point of the
equalization basin water zoneis:

905653 cf/8 ft = 113207 <f (10528 SM)

The designer selects to use a square basin (fig A-9) with side
slopes of 1 to 3.5. The basin is sized by taking the square root
of the average arearequired to determine the average length and
width of the basin. This method gives the average basin size—
336 feet by 336 feet (102 meters by 102 meters). With the slope
of thewalls at 1 to 3.5,7.0 ft (2.2 M) are added to the average
side for each foot (meter) of depth above or subtracted below
the average depth. The length of the basin at the water surface
would be 364 feet by 364 feet (110 meters by 110 meters).
With 3 feet (0.9 meters) of freeboard added, the overal top
dimension of the basin will be 385 feet by 385 feet (117 meters
by 117 meters). Subtracting 3.5 feet (1.1 meters) off of each
side for each foot (meter) below the average depth, the
dimensions of the bottom of the basin, with 2 feet (0.6 meters)
allowed for sediment storage and 2 feet (0.6 meters) allowed for
dead storage, would be 280 feet by 280 feet (86 meters by 86
meters).
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(8) Intermittent sand filters. The installation has
indicated that the facility need not be fully
operational for 7 days after a major washing
operation that takes about 2 days (54 hours).
The designer chooses two filters, which will
allow one filter to operate while the other one
is allowed to rest. A loading rate of 8 inches
(20.3 centimeters) per filter dose will be used.
Thefilter dose frequency is every 8 hours. The
designer calculates the area required for the
sand filters:

Filter Area= A, = V__ /Dosing Rate

A = 124522 cf x acre/day x 7.48 qpcf
(2 days + 7 days) 650000 gal cuft

A. = 0.93 acres or 19040 sf (1770 SM)

F

Thus, each filter should be 0.47 acres or 20473 sf(1904 SM).

(9) Dosing base. The designer has performed an
economic study which showed that a dosing
basin would be cost-effective when compared
with installing larger pumps. Water can flow
by gravity to the sand filter. Small pumps can
take water from the equalization basin to the
dosing basin. With a dosing basin, the de--
signer is able to use smaler pumps for
charging the dosing basin over along period of
time. The basin is sized to hold the volume of
water to charge one filter. The volume is
caculated asfollows:

Volume = 20473 sf x 8 inches x foot x 748 gal gpcf
charge 12inches cuft

= 102093 gal (386422 L)

(10) Water supply basin. Design criteriacall for
the size of the water supply basin to be the
larger of V., (724522 cf or 20287 CM); or
V.. for aS day wash period.

V= 5xV, =5x570042 gal=2850210 gal (10788045L) or
381044 cf (10669M)

Since V., is larger than five times V_,,, the designer uses a
safety factor of 1.25timesV ,, to size the water supply basin or
905653 cf (25358 CM). Because of the large water volume
required, the designer chooses an effective depth of 10 feet (3.0
meters) with 2.0 feet (0.6 meters) of dead storage for a total
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depth of 12 feet (3.7 meters). The water surface area can then
be calculated as follows:

A, = 905653 cf/10 ft = 90565 sf

Using the method described for sizing the equalization basin
and assuming asguare basin gives the average basin size at the
midpoint of water depth is 301 feet by 301 feet (92 meters by
92 meters). With the side dopes of | to 3.5, the dimensions of
the basin at the top of the water level would be 336 feet by 336
feet (102.4 meters by 102.4 meters). With the 3 feet (0.9
meters) of freeboard added, the overal top dimension of the
basin will be 357 feet by 357 feet (109 meters by 109 meters).
The bottom of the basin would be 252 feet by 252 feet (77
meters by 77 meters).

(11) Makeup water. An economic analysis has
revealed that, if wells are drilled as the
primary source of makeup water for the
CVWEF, the return on investment will be 37
years. Since the design life of the facility is
only 20 to 25 years; the ingtallation chooses
to usethe existing potable water supply asa
source of makeup water since the supply is
dependable. The existing 10-in (25.4-cm)
water line running adjacent to Range Road
can be tapped. Makeup water will be added
to the water supply basin at night when
demand on the potable water supply is
lowest.

(12) Emergency discharge. The closest sanitary
sewer connection is approximately 0.75 mi
(1.2 km). The designer decidesto provide a
sewer from the water supply basin to the
existing sanitary sewer line to handle
emergency overflows. This will prevent
overflows from otherwise being discharged
to the environment.

(13) Checking calculations. Figure A-l 1 shows
the expected water volume in the
equalization basin at any given time during
the washing activities. This graph confirms
that at no time during a major wash will the
equalization basin volume of 5.5 mg be
exceeded during the peak water usage
period. The projected volume for the water
supply basin isalso plotted (fig A-12). This
graph shows that 5.5 Mg is sufficient to
ensure that an adequate supply of wash
water isavailable at al times.
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Figure A-7. Water volume configuration: (a) plan view and (b) cross section.

A-19



TM 5-814-9

2FT FREEBOARD

(0.6 M)
—
EFFECTIVE WATER
DEPTH

8FT

(2.4 M)
zggg&) SEDIMENT

A-20

Figure A-8. Overall cell configuration.
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Figure A-10. Water supply basin: (a) plan view and (b) cross section.




TM 5-814-9

VOLUME (in Millions of Gallons)

40

EQUALIZATION BASIN

3.5 1

3.0

2.5

2.0

BATH DUMP —

//F|LTER CHARGE

I
20 40 60
TIME (hours)

80

Figure A— 11. Equalization basin water balance—water volume versus time.
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Figure A-12. Water supply basin capacity.
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