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BLISTER AGENTS

Blister agen.:s are prin_:arily chlorinated organic compouads often ron-
taining sulp:hur and nitrogen. Somwe can be classified as chlorizated amines.
3lister agents and nerve agents fall into the same classes as :ﬁany pesti-
cides'and herbicides. Blister agents irritate and/or poison zells in the

eves, lungs and skin. Effects are usually somewhat delayed (several hours)

' There is very little irmediate pain upon contact. The agent causes severe

uose and throat irritation, eye damage, and skin blistecing amé swelling.
When death occurs, it is usually the result of infection. Lethal doses are -
shows in'Tabie 1. Blister agents include zustard (5-5 types), phosgene oxime
(CX), and lLewisize (L). Mustard was used during World War I. Many of che later
blister agerzs are odorless. The duration of effectiveness varies from
agent to agent.

The concentration at wvhich minor physiological effects begin is gen-
erally caken to be 4 ug/cmz for mustard agent HD '(kew 1.

1. MiL-sTp-282," Filter Units, Protective C./oH\.‘-nJ , Gas-Mask
Compenents and Relateo Preducts : PerforSrance Tast
Metods, " Department of Defemse , 27 May 1956 w i’k
c’)dn&e 2 Jdated I De;emée,r 1974,
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Nerve Asents

Nerve agents can be referred to as organophosphorus comgounds."
They are extredmely toxic and fast accing, as shown in Table 1. A few
tens of =illigrams of liquid agent can cause death in less than 15 min-
utes., Very zinute concentrations around the eve will lead to marked
ziosis. The nerve agents enter the body through the respiratory svstem,
the eves, or exposed skin. 3Both ligquid and vaper forms, rapicly penetrate
the skin. Nerve agents act by upserting the balance berweern the svmpathet-
ic and parasvmpathetic nervous svstems, resulting in coavulsions, coma,
and death. Scpe examples of nerve agents are tabun (GA), sarin (GB),
sozan (GD) and agent VX (or VRS55). Nerve agents have a relatively lenag
duration of effectiveness (days as opposed to hours). Agents like VX

‘are absorbed by vegetation and can have long-term effects.

The concentratior at which minor physiclogical effects begin is gen-
erally taken to be 4 ug/cm2 for agent VX (2). TFor years, the maximm
acceptable comcentration for GB was set at 1.25 ug/t::r.2 (1Y, and a siz=—
ilar value was assumed for thickened GD (2). BHowever, tests conducted
in 1977 indicate that concentrations of GB as high as &4 to 5 pg/mz pre-~
clude physiological effects, and 10 ug/c:z can be used as the break point

for GB if a slight cholinesterase despression can be tolerated (3 ).

) M éraﬁ HAnna 5., et al, " Evalua i of CzreliLaie ée/ﬂ"

Pretecdve //7.:.#&:-,&/3 Sor Use by UniHeod SHAifes Air Fovee
Fersomne/ (a) U S A Me,m ca/ %e—r(‘»ﬂs Z&J#&)éf—/
ARESL-SP- 79004 , A0bo1T485L, Fpri) 1977, Confidlamtia/

L3 Taymes Capt E'dau-N “/?e/o-r* of Ackive Duby Trainimg,” OF,

DRDAR-CQLwW = f—ﬁrou. h Chief, Tnd'vidua) Prete zf-uq
and d‘\'ﬁf P/\ sical Prefecken D/Vlslc-n fo D/rgm{yr‘ﬂc Pefrmo./
and Force Dua./ofmu'f U.S. Remy Ahewica) Sysrems ZIM%?
/7 June /977, 5
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BLOOD AGENTS

Blood agerts pravent transfer of oxygen ‘from the blood to the body

tissue. Death occurs as a result of interference with the liver, kidaevs

Blood agents include hydrogen cyanide (AC), cyamogen chloride

and lungs.
B8lood agents tust be dissexminated as a gas. ‘mejr

(X), and arsine (Sa).
are absorbed into the body primzarily by breathing, and have a short eifec-
, Bydrogen cyanide may cause death within 15

CRUEEEy 1) gusee

]
42 189 Jtu Swuitsd 3 fGuart

TETEN

tiveness duration.
Arsine, on the other hand, tay take anywhere from several hours

N

'2(5 =inutes.
: to several weeks to develop maxioum effects. Lethal doses are summarized
in Table 1. =~ = o o )
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Choking agents can be characterized in general terms as halogenaced

compounds of a type that readily hydrolize in the presence of moisture

in the resviratory
{aflazing the ncse
with fluid. Deatch

Table 1. ZExamples

Phosgene was used extensively in World War I. At least 80 percent of the
chemical agent fatalities in this war were caused by phosgene. 1t has a
low persistence rating. A delay of three or four hours will ctypically
otcur between exposure dind the onset of disabling symptoms for the concen~
trations expected on cthe pattlefield. Most deaths will occur within 24
hours. The choking agents must be disseminated as gases to be effective

since they enter the body primarily through the raspiratory svstem,

CHORING AGENTS

systemn to fora hydrochloric acid, thus irritating aad
and throat membranes causing swelling. The luags £i11
occurs from lack of oxygen. ‘Lethal doses are given in

of such agents ar. phosgene (CG) and diphosgene (DP).
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CHEMICAL AGENT LETHAL DOSZIS

TABLE &
Exposure Hedian lethal Dosa,z
Agent Conditicns (mg-=iz/23)
3lister Agencs
o #D distilled =zusctard Izhalacion 1,500
Skin absorption 10,000
e IN-3 ailtrogen Tustard Inhalation 1,500
: Skin absorpzion 10,000 (est)
o L lewisize Izhalation 1,200-1,500
Skin absorpcion 100, 000
Nexve Agents
¢ GA tadum Inhalation (resting) 400
e G3 'sarin Irhalacion (restiag) 100
zild acrivirty) 70
e GD soman Inhalation (resting) G3-Ga range

3lood Agents:

e DP diphosgene Inhalazion

T™rM 3-2u8 "M /-hr] Clle-w:rry and Chemical /éy&ﬂf!

WN‘/«'& oF HRe Air Ferce and A-r-m
Decamber 1963 wirt cfnanofe_/ dafed /4 mwl 174

Sourea, !

-7

Wide variativa wnizh

¢ AC nydrogen cyanide Inhalation
coucentration vy
2,00 %oz y ~ 200 ag/=3
£,500 Zor vy =« 150 =g/=
¢ ¥ cvacogen chlozide Izhalaticn 11,000
* SA avsine Inhalazion 5,000
Chokizg igents
¢ CG phosgene Inhalazion 3,200
3,200
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SOUTHWEST RESEARCH INSTITUTE
SAN ANTONIO, TEXAS

MUNITIONS STORAGE CONCEPTS FOR USE IN FLAT TERRAIN
: FACILITY CONCEPTS .

INTRODUCTION

This facility concepts study has been prepared under a subcontract agreement
with Southwest Research Institute in conjunction with their project to develop
munitions storage concepts for use in flat terrain for the Department of the
Army, Construction Engineering Research Laooratory at Champaign, Illinois.

The diagrams, descriptive narratives and other information contained in this
report present six conceptual solutions for a weapons storage facility in flat
terrain based on criteria and guidelines provided by Southwest Research
Institute, including blast wall cdesign data and chemical hazard control
meussures. (Close coordination petween the Southwest Research Institute and
Bernard Johnson Incorporated project teams has been maintained to evaluate all
conceptual solutions and ideas for feasibility of construetion as well as for
functional and security requirements.

This report presents the six conceptual facility plans, as coordinsted with the
Southwest Research project team. [t includes, in addition to conceptual facility
diagrams, narrative descriptions of proposed building systems, budgetary
estimates of probable construction costs and a comparative analysis of the six
concepts,

It is intended that this conceptual study be preliminary to and esteblish a basis
for a definitive architectural/engineering design program.

The facility study focuses primarily on requirements established by Southwest
Research Institute during initial investigation of the criteria and project
requirements. Basic provisions of all concepts respord to requirements for
storage or warehousing of munitions, handling of the munitions within the
storage facility, security of the storage facility from accidental or intended
damage or destruction and personnel safety.

Fach concept was developed around four munitions storage bays or rooms, a
munitions msaintenance/service room, control room, lord out docks and
contamination con.ool area.  Appropriate provisions were then made for
circulstion, support and utilities, Backup utility systems are included in all
concepts to permit continuation of operaticns should the peimary system be lost
or fail.

There are no site related considerations included in this study since a definitive
site was not identified. Building site preparation and foundation provisions
were based on readily available information and previous experiences in
designing foundations {or similar facilities in the Houston-Galveston, Texas
vicinity, It should be recognized that subsurface soil conditions may vary
widely within a given area.

3-3
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Estimates of probable construction costs are based on readily available unit
costing factors for the type of [acility described and adjusted with assumed
contingency factors based on current experience in Houston, Texas. Escalation
is not included in estimates since the schedule for starting construction is

unknown.

Both objectives and subjective factors were utilized in a comparative analysis
of six concepts to determine the most appropriate concepts for further

consideration.
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ARCHITECTURAL NARRATIVE

PART 1 - GENERAL

PART
2.1

[

The six architectural concepts presented in this description
and in the drawings in Sectinn One were developed from cri-
teria supplied by Southwest Research Institure and respond

to requirements identified for function, secur:itr and safety.
Although a preliminary analysis of applicable n:iiding, life
safety and fire codes was conducted, compliancs with theze
code requirements has been waived by direction from the
principal investigator for Southwest Research Institute

in favor of more rigid requirements fcr security and. fune-
tional capability.

2 - CONCEPTS
BASIC REQUIREMENTS

A. Each of the six (6) concepts developed included the
basic requirements for weapons storage btays
or ro~ms, a weapons ma‘ntenance room, a control room,
mechanical/electrical room(s), loading dock{s), and
air-lock or vestibule, a concamination rontrol (change)
area and circulation corrigor.

B. Basic material handling requirements for all concepts
include a two-ton capacity overnead bridge crane in
the weapons maintenance rooa and a battery powered fork
lift trucwn for generaj handling and transport of weapons
units within the facility. Dock levellers are required
at each loading dock position.

CONCEPT NO. 1

A. Space Requirements: Concept No. 1 consists of a total
gross area of 36,357 SF, with a net area of 18,050 SF.
Functional areas within the facility are: Weapnns Storage
Rooms (four at 2,520 SF each); Control Room {500 SF);
Toilets (102 SF); Lunch Room (168 SF); Main.enance Area
(2,108 SF); Contamination Control Arca (1,500 SF); Fork-
1ift Cnharging Area (624 SF); Mechanical/Electrical Areas
(two at 2 total of 5,768 SF); Vestibule (625 SF); Cor-
ridor (3,525 SF); ancd two Covered Docking Areas (3,069
SF total).

B. Materials Systems

1. Walls: The structure consists of specially reinforced
waterprocfed concrete walls, designed to withstand
and contain an accidental explosion with no structural
damag2 to the facility. Explosions occurring in




be contained within that respective space.

2. %ocf: The rcof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

3. Flcors: Floors in all areas will be hardened, rein-

f the Weapons Storage Ronms or Maintenance Area will
!

|

i

I

| forced concrete.

|

]
| 4, Ceilings: Ceilings in all areas will be reinforced
concrete.

P

5. Doors and Windcws: A wire-glass glazed window in

i a hollow-metal frame will be located between the

! Control Room and Corridcr. All Weapons Storage

§ Rooms and the Maintenance Area «will have 7' X 9!

[ blast doors. ?Persornel dorors will be 3' X 7' hollow
metal doors. Areas requiring forklift access wiil

. have sliding metal doors, except at the Contamination
§ } Control Area, where swinging metal doors will pe

; used.

) Exterior doors will be sliding metal doors, resistant
| to blast and forcible entry.

| 6. Finishes: All interior connrete walls and c=2ilings
! shall be painted with alkvd enamel paint and primer. >

§ ) All interior concrete flcors shall be exposed hardened
i concrete. ' !

L Metal doors and frames shall be painted with enamel
- paint over factory primer.

. Industrial machinery, equipment and piping shall
te painted with linseed alkyd-resin paint and primer. . ,

2.3 CONCEPT NO. 2

A. Space Requirema2nts: Concept No. 2 consists of a total .
! gross area of 39,200 SF, with a net area of 2{,095 SF.
| Functional areas wvithin the facility are: Weapons Storage
‘ Rooms (four at 2,124 SF each); Control Room (500 SF); : .
; Toilets (102 SF); Lunch Room (168 SF); Maintenance Area ;
: (1,800 SF); Contamination Control Area (1,500 SF); Fork- ;
lift Cnharging Area (624 SF); Mechanical/Electrical Rocms
{2 at a2 total of 5,513 37); Vestibule (624 SF); Corridor
(4,038 SF); and two covered Docking Areas {2,007 SF
total). i

| 3-21
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7.

Materials Systems

Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with

no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Majintenance
Area will be contained within the respective space.

Rosf: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board.

Floors: Floors in all areas will be hardened, rein-
forced concrete.

Ceilings: Ceilings in all areas will be reinforced
concrete.

Doors and Windows: A wire-glass glazed window in

a hoilow-metal f{rame will be located between the
Control Room ana Corridor. All weapons Storage

Rooms and the Maintenance Area will have 7' X 9°
blast doors. Personnel docrs shall be 3' X 7' hollow
metal doors. Areas requiring lorklift access shall
have sliding metal donrs, except at the Contamination
Contr.l Area, where swinging metal doors will be
used.

Exterior doors willl be sliding netal doors, resistant
to blast and forcible entry.

Finishes: All interior =oncrete walls and ceilings
shall be painted with alkya enamel paint and primer.

All interior concrete floors snall be exposed, hard-
ened concrete,

Metal doors and frames shall be painted with enamel
paint over factory primar.

Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint and primer.

Handling EZEquipment: Two.-ton bridge cranes are also
required in each of wWeapons storage rooms.

CONCEPT KO. 3

A,

Space Requirements: Concept No. 3 consists of a total
gross area of 43,775 SF, with a net area of 17,538 SF.
functional areas within the facility are: Weapons Storage
Rcoms (four at 2,520 S3F each); Control Room (500 SF);
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area

[N
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CCONCERT

(2,520 SF); Contamirnation Control Area (1,500 SF); Fork-
1ift Charging Area (600 SF); Mechanical/Electrical Areas
(three at a total of 4,710 SF); two Vestibules (2,000

SF total); Corridor (5,500 SF); Lifts {(two at 725 SF
each); and two Covered Docking Areas (2,170 SF total).

Materials Systems

1. Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with
no structural damage to the facility. Explosions
ocourring in the Weapons Storage Rooms or Maintenace
Area will be contained within that respective space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection

board.

3. Floors: Floors in all ‘areas will be hardened, rej.-

forced concrete.
4. Ceilings: Ceilings in all areas will be reinforced
concrete,

A wire-glass glazed window in

5. Doors and Wwindows:
located between the

a hollow-metal frame will be
Control Room and Corridor. All Weapons Storage

Rooms and the Maintenance Area will have 7' X 9°
blast doors. Personnel doors shall be 3' X 7' nollow
metal doors. Areas requiring forklift access shall
have sliding metal doors, except at the Contamination
Control Area, where swinging metal doors will be

used.

Exterior

doors will be sliding metal doors, resistant
to blast :

and forcible entry.

All interior concrete walls and ceilings

Finishes:
painted with alkyd eramel paint and primer.

shall be

O

All interior concrete floors shall be exposed, hard-

ened concrete.

tal doors and frames shall be painted with enamel
i over factory primer.

Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint and primer.

NO. 4

Svace Requirements: <Concept Yo. 8 consists of a total
gross area of 48,1C0 SF, with a net area of 27,4356 SF.

A A
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Functional areas within the facility are: Weapcns Storage
Rooms (four at 3,266 SF each); Control Room (600 SF);
Toilets (102 SF); Lunch Room (168 SFf); Maintenance Area
(2,208 SF); Contamination Control &rea (1,500 SF); Fork-
lift Charging Area (728 S['); Mechanical/Electrical Areas
(two at a total of 4,661 SF); Vestibule (750 SF); Corridor
(8,150 SF); and two Covered Docking Areas (9,170 SF
total). Bridge cranes will be required in the four
Weapons Storage Rooms and a 2-ton hoist shall be required
in the Maintenance Area.

Materials Systems

1., Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with
no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Maintenance
Area will be contained within that respective space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board. ' .

3. Floors: Floors in all areas will be hardened, rein-
forced concrete.

4, Ceilings: Ceilings in all areas will be reinforced
concrete. | ‘
5. Doors and Windows: Wire-glass glazed windows in
a hollow metal frame will be located between the
Ccntrol Room and Corridor. All Weapons Storage
Rooms and the Maintenance Area will have 7' X 9°'
blast doors. Personnel doors shall be 3" X 7' hollow
metal doors. Areas requiring forklift access shall
be sliding metal doors, except at the Contamination
Contrel Area, where swinging metal doors shall be
used. .

Extericr doors will be sliding metal doors, resistant
to blast and forcible entry.

6. Finishes: All interior concrete walls and ceilings
shall be painted with alkyd enamel paint and primer.

All interior concrete floors shall be exposed, hard-
ened concrete. :

Metal doors and frames shall be painted with enamel
paint over factory primer.

Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint and primer.

;
j
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2.6 CCNCEPT NO. 5

A.

Space Requirements: Concept N-. 5 consists of a total
gross area of Uli,020 SF, with a net area of 25,814 37,
Functional areas within the facility are: Weapons Storage
Rooms (four at 4,800 SF each); Control Room (500 3F);
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area
(1,998 SF); Contaminaticn Control Area (1,500 SF); Fork-
lift Charging Area (648 SF); Mechanical/Electrical Areas
(three at a total of 5,060 SF); Vestibule (500 SF);
Corridor (3,978 SF); two Covered Docking Aieas (1,300

SF total); and two lifts {629 SF each).

Materials Systems

1. Walls: The structure consists of specially rein-
forced, waterproofed concrete walls, designed to
withstand and contain an accidental explosion with
no structural damage to the facility. Explosions
occurring in the Weapons Storage Rooms or Maintenance
Area will be contained within that respectivz space.

2. Roof: The roof will be reinforced concrete with
an elastic waterproofing membrane and protection
board. :

2. Floors: Floors in all areas will be harden2d, reipr-
forced concrete.

4., Ceilings: Ceilings in all areas will be reinforced
concrete.

5. Doors and Windows: A wire-glass glazed window in
a hollow-metal frame will be located beta.zen the
Control Room and Corrider. All Weapons Storage
Roums and the Maintenance Area will have 7' X 9°
blast doors. Personnel doors shall be 3' X 7' hollow
metal doors. Areas requiring Forklift access shall
have sliding metal doors, oxcept at the Contamination
Control Area, where swinging metal doors shall be
used.

Exterior doors shall be sliding metal doors, resistant
to blast and forcible entry.

6. Finishes: All interior ccncrete walls and ceilings
shail be painted with alkyd enamel paint and primer.

All interior concrete floors shall be exposed, hard-
ened concrete.

Metal doors and frames shall be painted with enamel
paint over factory priner.

3-25
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Industrial machinery, equipment and piping shall
be painted with linseed alkyd-resin paint ard primer.

2.7 CONCEPT NO. 6

A.

Space Reguirements: Concept No. £ ~nnsists of a total
gross area of 49,137 ¥, with a ~et area of 25,404 SF.

Functional areas witnin the facility are:

Rooms (four at ",800 SF cach); Control Room (500 SF);
Toilets (102 SF); Lunch Rocm (168 SF); Maintenance 4rea
(1,600 SF); Contaminatior Controi Area (1,500 SF); Fork-
1ift Charging Area (T76 SF); Mechanical/Electrical Areas
(thiree at a total o f 3,763 SF); V.ctibule (650 SF);
Corridor (6,221 SF); Lift (6.5 SF); and two Coverad
Docking Areas (1,860 SF tota.).

Materi:ls Systems

1.

Walls: The structure consists of speciallv rein-
ferced, waterproofed concra2*te walls, designed to
withstand and contain an accidental explasion with

no structural damaze to the facility. Zxplosions
ocz2rring in the Woapons Storage Rooms or Maintenar:ce
Area "ill be contained vithin that respective space.

Roof: The roof will b= rejnforced concrete with
an elastic wacerwroofing membrane and protection
board.

Floors: Floors in all areaé will be hardened, rein-
forced concrete.

Ceilings: Ceilings in ail areas will be reinforeed’

concrete.

Noors and Windows: A wire-glass glazed window in

a hollow-metal frame will be located between the
Contrel Room and Corridor. All Weapons Storzgze

Aooms «nd the Maintenance 38-2a will nave 7' X 9°'
blast dcors. Personnel dners shall be 3' X 7' hollow
metal door,s. Areas regui-i.Lg forklift access shall
have sliding metal dcors, -=xcept at the Contamination
Control Area, where -wing g metal dours shall be
used.

Exterior doors -halli De siiding metal doors, resistant
to blast and foroible entry.

Finishes: All interior concrele walls and ceilings
shall be painted with alxkyd =namecl jaint and priamer.

ALl interior concrete flcors shall be exposed, hard-
ened concrete.

Weapons S*orage

!

'
t
¢




Metal doors and frames shall be painted with en.mel
paint over factory primer.

Industrial machinery, equipment and piping skall
be rainted with linseed aixyd-resin paint an. primer.

3-a27
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PART
1.1

1.2

PART
2.1

2.2

STRUCTURAL NARRATIVE

1 - GENERAL
BASIC CHARACTERISTICS

Of the six concepts presented, there are four variations
in location of the structures relative to the ground surface,
as follows:

A. Concepts No., 1 and No. 2 are single story baildings
with the finish floor located approximately at grade
level. The perimeter walls are surrounded >y an ea:then
berm covered with concrete, A shallow concrete covared
earth fill covers the building roof.

B. Concept No. 3 is a two story bullding with the upper
floor level approximately at grade and the basnment
level fully bdelow grade (partially b ried <«tructure).
Per{meter walls and roof are covered .n the same manner
as concepts No. 1 and No. 2.

C. Concepts No. U4 and No. 5 are single story tuildings
with the roof level approximately at grade and covered
by a deep earthen berm.

D. Concept No. 6 is a single stbry buflding with the roof
level located beneath deep #arth fill,

SIMILAR STRUCTURAL SYSTEM.

A. The above concepts have construction similarities to
other structures not uncommon in the Houstcn-Galveston
area. Below grade sani{tary structures, bzlow grade
parking garages, basemesnt levels of multi-story dulldings
and, of course, the abandoned Coast Ariillery gun emplace..
ment at Fort Crockett {n GCalveston a;e axamples of atrucs
tures with similar concepts.

2 - SUPERSTRUCTIHRE

BASIC REQUIRZIMENTS

A. Because the hulldings are designed to prevant forced
entry, resist shock loading e{ther from external sources
or internal accidents and are to he either varth covered
or ourted, the construction will te of reinforced concrete,

ROOFS

A. Roofs #ill be of heavy reinforced concrete constructlion
designed to support the earth cover and to resist the

}-28
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2.4

PART

Py ORI AU

shock loading. It is anticipated that the roof thickness
will range from 3 ft, - 6 in. to b ft, depending on

the particular span; the roof slab will be reinforced
with two layers of steel bars in each direction, and

in addition, be reinforced with vertical stirrups for

the shear induced by the shock loading.

WALLS

A,

Parimeter wall will be comprised of an interior wall
approximately 4 ft, thick, a 3 ft, plenum space and

a 2 ft, exterior wall, The exception is concept No.

4 in which both the supply and return plenum space are
located above the ceiling of the corridor and part of
the weapons storage bays.

The portions of {nterior perimeter wall a%t the weapons
storage bays and maintenance bays will be of laced rein-
forced concrete construction; these walls could be sub-
Jected to ‘he overpressures from an 1, E, accident.

The remaining portions of the perimeter wall will not
require lacing. ‘

The exterior perimeter wall and the dock and ramp walls
will oe of conventional (not laced) reinforced concrete
construction,

The interior load bearing walls at the weapons storage
and maintenance bays will be of laced reinforced corncrete
construstion; cther {nterior walls will be conventional
(not liced) reinforced concrete construction.

FLOORS

A,

3

Cornicep® No. 3, which is two story, will have 'a iaced
reinforced concrete floor at the upper level; thia floor
is the ceiling of the weapons storage bays,

- FOUNDATIONS

GEOTECHNICAL ASSUMFTIONS

A,

Specific reccmmendations regarding foundation design
would come as a reault of a geotechni:al (nvestication
based on sampling and teating of soi. materials at the
3ite or sites selected, :

Surface and subsurface materials in the Houston-Galveston
area are predominately olay although the material in

the immedinte vicinity of the coast becomes predominately
sandy. The atrength of these materials varies throughout
the areaz; for example, bearing capacities for feootlings
founded at a3 ten foot depth can range from 2,500 to

5,000 pounds per square fooct or more. If the =surface

=29
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materials are very »oor, they can be stabilized wi*h
hydrated lime in order to provide a better sudgrade

fyr =labs at grade and pavements., Subsurfiace materiils
can be improved with lime injection.

3.2 CONZEZPT NO. 1 AND NO. 2 (AT GRADE STRUCTURES)

A. Floor Siab: Sinre the perimeter walls and many of the {
interior walls are subjiect to shock loading, a heavy
mat type reinforced concrete floor slab will be used i
to *rensfer the loads and siresses from thase walis. !
The 2at will be approximately equal in thickness to i
the perimeter wall ard will te reinforced with two layers !
of r~einforcing steel in each dirention. ;
B. Ma. type floor slabs {n the roastal vicinities may require
piling {f the sandy materials do not provide adequate
support for a slab on grade.

‘ C. The slabs at “ne loacding dock and ramps will he 6 =9
‘ ‘ 8 {n., thick 3ia% on gracde,

D. Beoth nerimeter walls and interior walls are aubjiect
to extremely high ax.al lonading impcsed ty the ron?{
and the weight of the wall itself., Thede loads will
. he resisted by piling, either augered or driven, dopending
| ) on the specific zeotechnicil recommendations.

7.3 CONhEPf NO. THRCUGH & (PARTIALLY OR FULLY BURIZD STRUCTURES)

A. Floor flad (basement floor only for Corcep® No. 31:
In addition to tranaferring shock loading {(an? han«{il P
isading at the perimeter) frcm the walls, the mat slab
also resists hydrestatic uplift prassures. These uplift
forces are counteracted by the dead weight of the struc-
) ture plus the {11,

8, Tre wertical forres acting throurh wails will dbe dictria

. buted to the rigid mat sla® through bending action At
sites where *"e 3uusurface material ha3s adequate hearing
. capacity., At si.es where the suybsurfice material is
: weak, piling willi de used beneath the walls 13 requireda
to ai{4 the mat (n resisting the vertical loads. A% por

neter walls, the skin friction of the adjacent solil

will also aid in reaisting the vertizal leads.

{ -

-

3. BUCYANCY

A. The c~nceots presented have adequate weight to rest
tne hydrostatic uplift forn2es with an Irprar-~iyta 3
factsrr. A final %uoyanny checkx wlll be tased n I
ticn from a geotechnical investigaticn and “he fina
design.

' s T 3 A s ol 0 VO




3.5 WATERPROCFING

A, The stru

will havy exterior waterproofing
nd roofs to prevent moisture from

of base
permeating




PART 1 -

1.3

1.2

HEATING, VENTILATING AND
AIR CCNTITIONING MHARRATIVE

GENERAL

BASIC CRITERIA

A.

B.
C.

ASHRAE Manuals: "Equipment”, "Systems", "Fundamentals"

and "Applications".
NFPA 90A.

Standard Building Code.

DESIGN CONDITIONS

A.

B.

C.

Cutdoor Temperatures:

Summer: 952?05, SOO?WB
Winter: 28~FDB

Indoor Temperatures:

Cooling

Weapons Storage 80°FDB, 60% R.H.(max.)
Corridor, Control
Room, Maintenance, ° )
Toilets, Lunch Room 75°FDB, 67% R.H.(max.)
Mech=2nical and

Electrical o

Equipment Rooms 85-FDB

Contamination
Control Ventilation

Heating
65°FD3

72°FDB

65°°

65°FDB

Pressure Relationships (Related Lo Ambient Pressure)

Corridor +.20" w.g.
Dress Room +.30" w.g.
Shower +.25"4 7.
Undress Room +.29" w.g.
Air Locks +.20" w.g.
Vapor Hazard +.18" w.g.
Liquid Hazard +.,10" w.g.

SYSTEM SCHEMATIC

The following page shows a3 schematic diagram of a heating
ventilating and air conditioning system for the faciiity.

3-32
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: PART 2 -

T 2.1 SYSTEM A (AIR CONDITIONING)

. A.

The diagram shows general system arrangement |but no’
necessarily the final design solution.

AIR CONDITIONING AND VENTILATION SYSTEMS

System shall serve weapons bays, corridor, maintenance,
control room, toilets, lunch room and mechanical and
electrical equipment rocms. Air handling and refrig-
eration equipment shall be located in the mechanical
equipment room. f
i
System shall be recirculating air type with sufficient }
outside air to make-up exhaust from toilet and to provide
the required positive pressure inside the building.
The pienum above the corridor is enclosed on'all fou-
sides by reinforced concrete construction. This area
shall be used as supply air duct to convey air to the
four weapons days. A reinforced concrete plenum around
the outside building perimeter shall be used(to return
air from the weapons bays. |
|
Air shall be supplied to each bay through a HEPA filter
mounted securely in the wall and open to thejceiling
supply air plenum. Air shall be returned from each
bay through a HEPA filter mounted securely in the wall
adjacent to the return air plenum. The purccse of the |
EPA filters is to prevent ccrtaminated 2ir from backing
up frem one weavons bay %o the cthers in thel event of )
an explosion. { }
Necessary dampers and controls shall bte provided to
maintain the indocor building pressure at thel required
positive pressure in relation to the outdoor pressure.

Condenser cooling water for the refrigeration equipment
shall be supplied from the injection water well system
located in the mechanical equipment room.

2.2 SYSTEM B (AIR CONDITIONING)

A.

(@]

System shail be designed to remove the heat rejected
to the mechanical room by the emergency generator. ' :
Air handling and refrigeration equipment shall be located
in the mechanical room with the emergency generator.

i
¢
<
i

System shall be “he 100% recirculating air type with
no outside air connections. :

System shall be interlocked with the emergency generator
sc that it operates only when the emergency generator
is in operation. :
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PART

D.

D.

e oy

A comdustion air fan shall be provided and shall be, ’ '
interlocked to run when the gererator is in operatior. ‘ :
Fan shall supply prefiltered and unconditioned outside
air to the mechanical roomu.

Condenser cooling water for the refrigeration equipment
shall be supplied from the injection water well system.

SYSTEM C (CONTAMINATIQON CONTROL AREA VENTILATIGN)

A.

B.

A ventilation system shall be provided for the contam- '
ination control area.

System shall ventilate the area with 100% prefiltered
outside air. )

System shall be equipped with supply fan exhaust fan,
dampers and automatic controls required to maintain

the required space pressure relationships in the various
spaces.

Heating shall be included to maintain the required space
temperature.

Blast dampers shall be provided in the exhaust air duct

which discharges air from the building. Discharge opening

shall be designed to prevent entrance by intruders and

to prevent explosives from being placed into the opening. i

SYSTEM D (OUSIDE AIR FILTRATION) -

A.

3 -
AIR

Provide an outside air filtration system to supply pre-
filtered outside air for the contamination control area
ventilation system, main building air conditioning system
and emergency generator combusticn air fan.

The intake duct extending out of the building shall
be equipped with a blast damper. Intake opening shall
be designed to prevent entrance by intruders and to
prevent explosives from being placed into the opening.

System shall include an outside air fan which intakes
outside air and discharges the air through a rnughing
filter, HEPA filter and finally through a charcoal filter.
System shall be equipped with necessary controls to
automatically control the volume of air delivered by

the supply fan to compensate fcr increased fan static

due to dust loading of the filters.

DESIGN CRITERIA RATIONAL ;
CONDITIONING AND VENTILATION SYSTEMS

Comfort air conditioning is specified for the control
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rocm, maintenance, corridor, lunch room and toilets

to provide a comfortable working environment for the
operating personrel. ‘weapons bays and mechanical/electrical
rooms are also air conditioned.

Consideration was given to ventilating the weapons storage
bays and mechanical/electrical rooms with outside air

as opposed to air conditioning. A ventilation system
would require relatively large voluwes of air be taken

in and exhausted from the ‘building. This would require
much larger ‘intake and exhaust openings and also a much
larger outside air filtration system. Large intake

and exhaust openings would be more difficult to secure
against intrusion and blast. Air conditioning of these
areas was selected as the most feasible alternative.

2.2 EMERGENCY GENERATOR AND REFRIGERATION EQUIPMENT HEAT REJECTION
SYSTEM

A.

Consideration was given to the use o7 a remote air cooled
radiator for the emergency generator and remote air
cooled condensers for the refrigeration equipment.

The remote units would be located outdoors and subject

to damage by intruders. This was considered unacceptable.

Consideration was given to the same type system except

the emergency generator radiator and air cooled condensers
would be located within the blast resistant structure.

The air cooled radiator and air cooled condensers require
large volumes of air to carry away heat rejected from

the equipment. This would necessitate large operings

for irtake air and exhaust air. Large openings would

be diflicult te¢ secure against intrusion and blast.

This arrangemen® was rejected as unaccectable.

The use of a cooling tower was also considered. Pumns
would circulate cooling tower water between the tower
ans the emergzgency generatrr and refrigeration equipment
. This type arrangement war considered unacreptable
for the same reasons as the air cooled heat exchanger
ept was3 rejected.

An irnjecticn type water well system was selected as

the most dewirable means of removing heat rejected from
the emergency generator and refrigeration equipment.

A well purp would circulate water through the equipment
heat exhangers and then return the underground water
system. The well would also supply the domestic water
plumbing system. The well equipment could be located
“ithin the blast resistaat structure and inaccessible
to intruders.
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PART

1.1

1.2

1.3

PART
2.

PLUMBING AND FIRE PROTECTION NARRATIVE

1 - GENERAL

BASIC CRITERIA '

A. Standard Building Code.
é. NFPA 10

C. NFPA 13

BASIS OF DESIGN

A. Sanitary waste and vent system shall be designed on
the "Per Fixture Unit" basis.

B. Domestic cold water system shall be designed on the
"Per Fixture Unit" basis.

C. Domestic hot water system shall be designed on the "Per.
Fixlure Unit"™ basis.

D. Portable fire extinguishers shall comply with the require-
ments of NFPA-10.

E. Fire sprinkler systems shall be designed in accordance
with NFPA-13.

QUTSIDE UTILITIES

A. Fire water and sanitary sewer lines shall te*mxnate
five feet outside of the building line.

B. Extending the utilities beyond the five foot line is
not included in the scope of this report.

2 - SYSTEMS DESCRIPTION
DOMESTIC WATER SYSTEMS

A. Domestic cold water shall be piped to all plumbing fixtures
including lavatories, water 2iosets, urinals, service
sinks and hose outlets.

B. Hot water shall be supplied to lavateries and service
sinks. Hot water shall be supplied by electric water
heaters.

WATER WELL SYSTEM

A. An injection type water well shall bz provided with
sufficient capacity to supply the domestic water demand
and cooling water requirements of the emergency generator
and air conditioning system refrigeration equipment.
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2.5

B. Cooling water for the emergency generator and refrig-
eration ccrpressors shall be pumped through heat exchangers
on the equipment and then returned to the ground.

FIRE SPRINKLER SYSTEM

A. A wet pipe fire sprinkler system shall te provided for
all areas in the facility. The hazard classification
for th2 various occupancies will be determined during
the design phase. Water supply shall be from the main
base water systen.

B. The need for high volume deluge system in the weapons
storage bays may be considered in the design phase.

FIRE EXTINGUISHERS

A. Hand held portable fire extinguishers shall be provided
in the main service corridor and in mechaniczal and elec-
trical equipment rooms.

B, Extinguishers shall be surface mounted on wall brackets.

SANITARY WASTE SYSTEM

A. A complete sanitary waste and vent system shall be extended
to all plumbing fixtures, equipment and flow drains

and connected to the sanitary sewer main.

B. Provide a duplex sewerzge ejector with sufficient 1:ift
to pump sewerage into the gravity se.er,

C. All vent stacks shall be designed to be bomb proof.
COMPRESSEL AIR SYSTEM

4. A cempressed air piping systém shall be provided to
5

serve the facility including pneumatic door operators,
pneumatic tool air outlets and air operated hoists.

B. A duplex air compresscr shall be provided to supply
compresseu air to the system.
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ELECTRICAL NARRATIVE

PART 1 - BASIC REQUIREMENTS

1.1 GENERAL

A. Electrical work shall conform wit.. the requirements
of the late=st edition of the National Electrical Code,
Life Safety Code, and local codes and ordinances. In
case of c..aflict, local codes and ordinances shall govern.

3. Muaterials and equipment shall conform to and be in acccor-
dance wit!, the latest applirable standards of National
Electrical Manufacturers Association (NEMA), American
National Standards Institute (ANSI), and Insulated Cable
Engineers Assoclation (ICEA) where standards have been
established for the. specific items of materials and
equipment. Where inspection categories have Leen estab-
listed by Underwriters Laboratories, materials and equip-

ment shall bear their label.

C. An EMR clean environment shall be provided in accordance
with DARCOM 385-100, 5-14,

PART 2 - ;ERVICEVAND DISTRIBUTION

2.1 MUNITIONS STORAGE

A. A new substation will be provided irn the building.
Equipment shall consist of a power eeater 300 KVA :ry
type transformer and bolted type air 2ircuit breaker
substation for secondary distribution. System voltage
shall be 480 volts, 3 phase, 4 wire secondary.

B. The transformer will be supplled from a load Lreak switch
iocated in the substation.

C. The primary service feed from the utility to the sub-
station will be installed in concrete encased conduit.
Cable will be fire proofed whenever exposed.

D. The transformer will be sized to provide 100% spare
capacity .

E. Th= substation vill 3suppl, power *c the parking lot
lighting.

F. The estimated total connected load for the substation
will be 157.%5 KVA.

2.2 SECONDARY DISTRIBUTION
A. Secondary distribution within buildings will te at 480

|
|
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volts. Generally, HVAC systems will be served at 480 :
volts and the fluorescent lLighting system at 120 or i
277 volts.

B. Dry type transformers will be installed to provide 208/120
volt service {or lighting convenience receptacles and
miscellaneous cquipment.

C. Seccndary distribution, 480/277 and 208/120 volt systems
within buildings, will be wire in conduit and cirecuit
breaker panelboards.

D. Equipment used to distribute power to loads shail de i
480 volt, 3 phasz, 3 wire motor control centers, 480 i
vol%t, 3 phase, 4 wire power panels and 208/120 volt,

3 phase, 4 wire lighting and receptacle panel=s, All . )
motor control centers power panels, dry type transformers

and lighting panels are to be located in separate rooms

for electrical equipment.

E. Ammeters, voltmeters and KWH-demand meters are to be
provided in acdition to atility metering.

PART 3 - LIGHTINAG SVY3TEMS
| 3.1 GENERAL
A. Lighting systems will conform to engineering practice
usding standards from the Illuminating Engineers Sosciejly
* handbook as guidelines.
B, Jyatems will utilize energy affliclent light sources,

Lamp life and ease of maintenance will be gilven affective ‘
cons.deration.

< C. Roads, ~arking, and walks will be i{lluminated to approx=-
‘ {mately 0.5 footcandle on roads and 2.0 footcandle on
. parking and walk areas using high pressure sodium as

a light source,

D, Control room w{ll be i{lluminated to approximately 75
maximum footcandles using 2' x 4' fluoreacent lixtures,
Fixtures will be switched locally providing a multiple
level of lighting, Generally, three lamp fixtures will
be used Wwith center lamp and two outside lampsn switched !
separately,

E. Maintenance will »e {lluminated to apsroximately 90
Tooteandies using [lluoresaent fixtures, switched loerally.,
Multi-level lighting will be provided,

-

F. Warehouse areas will be |
‘ 30 footcandles using Zlas
Divisicn 2 light source

\ }_'v‘x

lluminated to approximarely
5 [ Group D, Class [ Group G,
ixtures.

. -




G. Genpk. .l and miscellaneous areas will be considered oun
an |individuai basis., Special attention and treatment
will be given to all areas.

H. Emergency lighting will be provided to insure safe egress
in rase of power failure or under other emergency condi-
tiops.

PART 4 - MAINTENANCE AND CONTROL
4.1 GENERAL ?

A. Elettrical services and outlets will be provided to )
seryvice maintenance equipment as required.

B. An pmergency generator will be provided to service selected
areas and control equipmen. in the event of power failure
or other emergency. Equip with diesel fuel day tank,
underground stuira,s: tank, heat exchanger and engine
exhaust sytems,

C. All]jsystems and equipment will be provided with grounding
. conductors.

PART 5 - AUXILIARY SYSTEMS
5.1 GENERAL

A. Auxiliary systems will be provided complete for the

following: . .
1. iFlre alarm system, }
2, !Closed circuit T. V. survellance system at control
room.

3. A low level distributed socund system, fully equalized

will be provided for the building.
. 4. . Computer terminal system will be provided.
. 5. Security monftoring will be provided through door
6
7

‘monitors, sound detectors, motion detectors as required,
. Individual systems for sensiang environmentally hazard-
{ous chemicals,
. iSarety monitoring of storage rooms will be provided
‘with pressure monito,s set for 5 psi.

B. An émpty cenduft and pull oox system only will be provided
foritelephune aystem,
!

c. Auxlllary systems will be connected to the emergency

generator system through a uninterruptable power supply.
i

|
|
\
'
i
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PART
6.1

6 - LIGHTING PROTECTION AND STATIC GROUNDING

GENERAL

A. Lighcing protection system in accordancw with DARCOM 385-
100 and NFPA 78 will be provided.

B, Static grounding system in accordance with DARCOM 385-
100 and NFPA 77 will be provided.
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COMPARATIVE ANALYSIS

The following table presents a comparative rating of the six facility concepts
using six separate comparison factors. Three of the factors: efficlency, life
cycle cost and total cost are strictly nbjective, while the other three factors
are subjective, requiring judgement and knowledge of project ohjectives to apply
ratings. In crder to minimize any tendencies for bias ratings, the BJI project
team applied the ratings independently and developed averages to arrive at a
single rating for each subject{ve factor. Explanations of rating factors fol-
low the table.

Based on total ratings for all factors and the rating scale (lowest total equal

best rating), Concept No. 1 is the most favorable solution, Ccacept No. 3 is
second and Concept No. 4 is third.

COMPARATIVE RATING TABLE

RATING FACTORS CONCEPTS
No. 1 No. 2 No.3 No. & No. 5 No.6

Efficiency (Net-to~Gross

Area Ratio) 5 4 6 2 1 3
Life Cycle Cost 1 4 2 k] 5 6
Total Cost 1 2 k) 5 4 6
Function 1 5 2 3 6 4
Security 3 4 2 1 5 6
Safety 1 ‘ 2 4 6 3 5
TOTALS 12 21 19 20 26 30

Rating Scale: Highest = 1; Moderate = 3-4; Poorest = 6

1. Efficiency is defined as the '"net"” assignable area In relation to the ''gross
space and is calculated by dividing the total net square feet by the tctal
gross square feet.

net square feet
gross square feet

Efficiency =

Net square feet (area)ls the area assigned for facilitv cperation and in-
cludes circulation within a functional area, but not outside of it. There-
fore, corridor and vestibule areas are exclude. . Also, mechanical/electri-
cal space iIs exuluded. Gross square feet (area) 1is the total area within
the building including structure, partitions, hallways, building support
areas (such as mechanical/electrical areas, plenums, etc.) aad toiflets,
also including 50 percent of rhe covered dock area.
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Life cycle cost includes the 25 vear cost of maintaining and operating
the building and equipment.

3. Total cost includes the price for the facilitv constructior including all
architectural, mechanical, electrical, plumbing and structural.

4. Function is based on how well the building plan meets the ''program' cri-
teria. Irvolved in this analvsis are considerations concerning building
configuration (Does the 'plan" lead to spaces larger than program require-
ments?), and the need for special equipment or conveving systens (Does the

\ tvpe of weapons storage or building ~onfiguration require additional cranes

or hoists in order to perfrom the facility's function?). '

5. Security is determined by facility accessibilityv and internal control.

6. Safetv is rated both for personnel egress and internal safety in case of
a hazard.

|
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|
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Plan and section drawings for the six baseline munition storage
facilities are contained in the envelope attached to this volume of the
report.
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CHAPGE WEIGHT = 198 40 LB

PERPENDICULAR STANDCFF = 3.8 FT
PLATE LEWNSTH, XTOT = ‘ 12.00 FT
PLATE WIDTH, YTOT = 12.00 FT

- CHARCZ POSITICN IN PLANE PARALLEL TO PLATE

LENCTHWISE DISTANCE FROM LOWER

LEFT PLATE CGRNER, %C = 6. Q0 FT
WIDTHWISE DISTANCE FRCM LCWER

LEFT PLATE CCRNER, YC = 0.0C FT

QUTPUT:
AVERAGE PRESSURE = 0. 2320E+04 PSI
TOTAL FCRCE ON WALl = 0. 4230€+02 LB
TOTAL APPLIED IMFULEE. = 0. BS574E+04 LB-SEC

AVERACE SPECIFIC IMPULSE = 0. 41 PSI~SEC
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CHARGE WE{GHT = ' 188. 40 LB
FERPENDICULAR STANDCGFF = 33.00 FT
PLATE LENZTH, XTOT = 7.00 FT
PLATE WIDTH, YTOT = 13.00 FT

CHARGT POSITION IN PLANE PARALLEL TO PLATE

LENGTHWISE DISTANCE FROM LOWER

LEFT PLATE CCRNER, XC = 3.5 FT
WIDTHWISE DISTANCE FROM LOWER
LEFT PLATE CCRNER, YC = 0.00 FT

CUTPUT:
AVERAGE PRESSURE = 0. 4500€+02 PSI

0. SE897E+0& LR

TOTAL FGRCE ON Wall =
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TOTAL 4PPLIED INPULSE = 0 96Q2E8+04 LB-S£C
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' PERPENDIZULAR STANDOFF = 11.50 FT
! PLATE LENGTH, XTOT = 7.00 FT
i PLATE WIDTH, YTOT = 9.00 FT

LENGTHWISE DISTANCE FROM

.

lgya =
J

CHARGE WEIQHT = 168. 40 LB

CHARGE POSITION IN PLANE PARALLEL TO PLATE

PLATE CORNER, XC = 28.00 FT
b WIDTHWISE DISTANCE FROM
| PLATE CORNER., YC = 0.00 FT
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INPUT PARAMETERS:

CHARGE WEIGHT = 74.20 LB
PERPENDICULAR STANDOFF = 4. 00 FT
PLATE LENQTH, XTOT = 5.00 FT
PLATE WIDTH, YT2T = 5.00 FT

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LENQTHWISE DISTANCE FROM

‘ PLATE CORNER, XC = 2. 30 FT
WIDTHWISE DISTANCE FROM ‘
PLATE CORNER, YC = 1.30 FT

QUTPUT:
TOTAL APPLIED IMPULSE = 0. 2344g+04 L B-SEC |

AVERAQE SPECIFIC IMPULSE = 0. 63 PSI-SEC
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PLATE WIDTH, YTOT = 44 Q00 FT
CHARGE PTIITION 1M PLANE PaRaALLE. TO PLATE
\ LERGTRUEISE DISTANCE FRCM LCWER
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’ WIDTHUIZE DISTANCE FROM LOWER
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INPUT PARAMETERS:

CHARGE WEIGHT =
PERPENDICLUILAR STANDOFF =
PLATE LENGTH, XT0T =
PLATE WIDTH, YTOT =

|
\

188. 40 L5
14.00 FT
7.00 FT
5.00 FT

CHARGE POSITION IN PLANE PARALLEL TO PLATE

LENGTHWISE DISTANCE FROM
PLATE CORNER, XC =
WIDTHWISE DISTANCE FROM
PLATE CCRNER, YC =
QUTPUT:
TOTAL APPLIED IMPULSE =

AVERAGE SPECIFIC IMPULSE =

-+ < a2 303
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A e g e eme
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|
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0 1442E+04 LB-SEC
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COMPUTATION SHEET 22 or Y
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ILPUT PARANMZTERS:

CHARGE WEIGHT = 188. 40 LB
PERPENRDICULAR STANDOFF = 8.50 FT
PLATE LENCTH, ATOT = 8.GO0 FT
PLATE WIDTH, YTOT = 20.Q0 FT

CHARCE PCSITION IN PLANE PARALLEL TO PLATE

LENCTRWISE DISTANCE FROM LOWER
LEFT PLATE CORNER, XC = 4.00 FT
WIDTHWISE DISTAMNCE FROM LOWER

LEFT PLATE CCARNER," ¥C = 0.00 FT

CUTPUT:
AVERAGE PRESSURE = 0. 1040cE+04 PSI
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