3. Associated Contractor Support

The following support is assumed to be available from asso-
ciate contractors at Vandenberg Air Force Base.

a. Testilnstrumentation: calibration, pretest checkout,
test operation, post-test processing, and basic data
reduction; The Martin Company.

b. PLS Maintenance: facility cleaning, labor, shop
repair, field repair, and replacement of defective
equipment plus other labor and craft support, such
as electrical and pneumatic; The Martin Company.

c. Handling of Umbilical Disconnects and Other Missile
Silo Equipment, Such as Silo Closure Doors; The
American Machine & Foundry Company and The
Martin Company.

d. Quality Control, Liquid and Gas Analys1s VAFB
on request.

1. SAFETY REQUIREMENTS -

1. Hazard Area = = TR

The hazard area for tests 2.1.1, 2.1.2, and 2. 1.3 (indicated
on Figure IX-b) includes the missile silo, propellant terminal, certain
tunnels, the vent-and-fill shafts, and the surface area within 150 feet
of the oxygen vent-and-fill shaft opening. Use of these areas is re-
stricted to test and associated contractor personnel. During test 2.1.4,
when the system will contain gaseous and liquid oxygen, the entire com-
plex shall be restricted to all personnel for a period of four hours. The
hazard area for test 2. 1.4 is shown in Figure IX-c.

2. Warnings

Nontest personnel shall be warned to leave the hazard area
before a test. Safety barriers shall be established at the entrance to
the tunnel junctions or the control center and around the shaft opening.
Audio warnings are to signal the start and completion of tests and
s1gmf1cant conditions during the tests.
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3. Safety Practices

Test and éssociéte contractor support. personnel are to:

a. Wear hard hats, clean I clothing, nonsparkirig bis
shoes, neoprene gloves, and safety glasses or eye

shields e . SRR ‘ P # o & 5,
; b. Wear face shields and asbestos gloves if work in- i
! .y volves contact with gas | or ‘liqui\d : el
! ! . ! ! '

. : Inspect the hazard area to insure tHat it 18 ¢clean
‘ . and’ clear of personnel ,toola materiall. and i i
3 Lo ;debria : ‘ v i . '
d. Unless otherwise di‘rected," remain out of the pro-

pellant terminal and missile silo during all tests

and remain out of the complex durrlng teot, 24 1 4. ;

i ' | [

i ‘ |
' ' e. Use only nonsparking tols ind grounddd ortable’ :
| . equipment, and introduce only clean. tboll and

"materials into the complex. ‘“ . B P .," R
i Test the atmosphere with oxygen and nitrogen " |

sniffers" prior to entering a space after atest.

- o e e TR v i il

g Observe the NO SMOKING precaution. 12t

£, 0 et

The successful completion of the liquid oxygen line cooldown
within the established countdown time will be considered the criterion
~of success. . R #

e -. : QAvthur D, Wstle, Inee,
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2.2: LIQUID OXYGEN TRANSFER TESTS '@

A. PURPOSE

The purpose of this test series is to establish that: (1) the

. liquid oxygen piping system can be pressurized, (2) the main'transfer
and topping lines can be cooled down, (3) the missile tanks can be filled

within the allotted countdown time*, (4) liquid oxygen lewvels can be main-
tained, and (5) the system can be safely returned to an unloaded condition.

B. TEST OBJECTIVES

e

i |

These specific test objectives are based on baélc system test
objectives contained in STL document GM-TR- 0165- 00323B rev1sed

30 October 1958, and ~applicable to Test Pla.n I o 5 i

x
f
R

N

1. Primary Objectives

a. Demonstrate that the liquid oxygen system can be pressur-
ized, the lines /cooled down, and the required amournts of
liquid oxygen delivered to both-missile tanks within the |
allotted countdown time. B s A :

b. Demonstrate the ability of the missile vent system to
handle effluent gaseous oxygen at missile’ ullage pressures
acceptable to an operational missile. e B

c. Demonstrate that the liquid oxygen toppin'g 'system lines
can be cooled down within the allotted countdown time. ‘{

d. Demonstrate the ability of the liquid dxygen topping ‘system
and the antigeysering system to maintain liquid levels in
missile tanks during hold periods.

e. Demonstrate that the liquid oxygen unloading system can
be filled and vented, lines cooled down, liquid oxygen un-
loaded from the missile tanks and umbilical piping, and
the PLS returned to ''ready' status. Determine further
the time required to perform this operation.

**See System Specification for specific countdown time infor mation.

Py
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Secondary Objectives _ : : IS TR

C. SYSTEM SUMMARY -

a.

bi.

Determine the minimum time requlred for 11qu1d’ oxygen

cooldown and transfer.

Determine the consumption of liquid oxygen, liquid nitro-

gen, gaseous oxygen, and gaseous nitrogen to load, hold,

n

unload, return to ''ready' status, and reload.

Evaluate the effectiveness of liquid oxygen subcooling and
investigate the possibility of eliminating the liquid oxygen

subcooler from the system.

Evaluate the effectiveness of the antigeysering hehum in-

jection system.

Demonstrate that the liquid oxygen piping deSign does not
permit pressure surges or liquid ''slugging" effects in

missile tanks during cooldown and fine loading.
. . i :
Demonstrate the capability of liquid oxygen and high-pres-

sure gas missile service lines to be disconnected without

spillage or excess leakage of liquid.

4

The liquid oxygen system can be broken down into the following

subS}stem areaS' ‘ S i

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

o : 4 et l

i

LOy ‘stora’ge, )

GOy storage 'and LOj2 pressurization,

LOj transfer piping and equipment,

LOy missile-tanks., '

LO2 missile unloading piping, pump,. and other equipment,
LOg2 missile topping system with LN2 subcooler,

GNgo storage and LO2 system blanketing, and

LO> syvstem and missile tanks venting.

The operation of the system is carried out automatically by
means of the following control buttons:

(1) Load,

(2) Stop Topping,
(3) Shutdown, and
(4) Unload LOg.

Arthur D Little, Ine.
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The control buttons, when depressed, will energize sequencer
circuitry. The details of the sequence of operations that follow such
action are discussed in the "ADL System Specification" (ADL Special
Report 86). A summary of these operations as they apply to the transfer
tests is given below. -

With the liquid oxygen system in a ready condition and the
helium and other nonpertinent nitrogen services removed from the
sequencer logic, the depression of the ''load" button will start the fol-
lowing sequence: ‘ '

(1) The gaseous oxygen pressufization system will bring
the liquid oxygen storage tank pressure up to the pre-
determined "line cooldown' pressure level.

(2) Liquid oxygen will be forced into the main and topping
transfer piping by way of rapid and topping flow con-
trol valves. Line cooidown will take place. Oxygen
will boil off and be vented through the missile vent
system. : '

(3). When all line liquid sensors_indicate the completion of
cooldown, by signalling the presence of liquid, their
signal will actuate the liquid oxygen storage tank pres-
surization control, which will automatically raise the
pressure level and put the system into rapid transfer:

(4) Rapid transfer will continue until the missile tanks _
are filled to a predetermined level; then the LOg flow -
will be automatically reduced to the fine fill transfer
rate. When the missile tank is filled, the LO3 flow
will be automatically reduced to the LOg topping rate,
and antigeysering helium flow will be simultaneously
and automatically started. The topping flow is auto-
matically controlled to maintain a constant level in
the liquid oxygen missile tanks. e

(5) By actuating the "stop topping'' control button, the LO2
topping flow will stop, umbilicals will be drained, and
missile tanks will be ready for pressurization. The
PLS will be automatically vented z¢ the completion of.
the umbilical drain. Normally, the LO2 umbilical dis-
connect will be simulated from the Test Selector Panel.
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(6) The depression of the "shutdown'' button will close line-
end valves (if these are open), depressurize the storage
“tank, and vent the tank and piping.

(7) The "unload LO>' button will be depressed in order to

' unload the missile tanks. In the case of an actual (rather
than simulated) umbilical disconnect, the umbilicals will
be manually reconnected, and the unload sequence sub-
sequently initiated from the equipment terminal. The
missile tanks will be unloaded under pressure, and the
LOg will be pumped to the storage tank. Residual liquid
in the piping will boil off. 'The missile tanks will be
purged and blanketed automatically.

D. TEST OPERATION

The liquid dxygen transfer test will be carried out by per-
mitting the system to perform within its operational sequence. The
sequence has been briefly described in paragraph C above. -

The seven test runs planned for this test series.have been .
listed in Table 2.2a, together with pertinent test variables. The initial
two tests (2.2.1 and 2.2.2) will use liquid and gaseous nitrogen in place
cf liquid and gaseous oxygen. Primarily, this provides a safer op®ration
and permits personnel access to the propellant terminal and missile silo,
where the integrity of the equipment can be visually verified. '

‘ The two nitrogen tests should verify all primary and second-
ary test objectives except those connected with subcooled liquid oxygen,
antigeysering helium, simulated emergency shutdown, and reloading.
The final test, operated at a condition optimized during the previous
tests, should confirm all test objectives using the appropriate opera-
tional fluids. Personnel will not have access to the launcher complex
during this test and during all tests involving liquid oxygen.

A topping flow rate will be used in all tests, but the LOg"
topping stream will not be directed through the subcooler for all tests.
The operation of the subcooling system will be verified during tests
2.2.4, 2.2.5, and 2.2.7, while the antigeysering system will be '
checked during tests 2.2.3, 2.2.4, and 2.2.7. Response to emergency
shutdown conditions will be tested during test 2. 2. 6 while the reload
response will be determined in tests 2.2.5, 2.2.6, and 2.2.7.

Arthur D, Little, Inc.
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TABLE 2.2a

LIQUID OXYGEN TRANSFER TESTS

Anti-
geysering
) : ) ) : Liquid Helium Con-
[ ‘ TEST SEQUENCE Oxygen Injection current
Test Primary Hold  Stop Dis- Shut Unload Hold Stop Dis- Shut. Unload Topping During Test
Number Fluids Load 1 Hour Topping connect Down L0, Reload 1 Hour Topping connect Down _LO, ~ Status Hold Number
2.2.1 le - GN2 X - - - X » X - - - - - - Not Mo -
B ' " Subcooled
22.2 W, -GN, X X X A X X - .- - - - - Mot No 6.2.1
) Subcooled
2.23 10, - G0, X X - - X X - - - - - - - Not Yeu -
' Subcooled
2.2.4 LO2 - coz X ) § X S X X - - - - - - Subcooled Yes 6 2.2
) : ) 6.2.3
2.2 8 LO2 - GO2 X X - - X X X - X S X X Supcoolod No 628
22.6 L0, -6, X - - - X X X - - - X X Not . Mo -
Subcooled
PLS:-
2.2:7 LO2 - 602 X X ) § S X X X X X S X X Subcooled Yes 1.2.2
6.2 6
1. The disconnsct operation actuated by the *Stop Topping> button will vent and drain the

2.

3.

umbilicsls but leave the missile loaded. The umbilical disconnect may be actual or
simulated as indicated by the following code: {A) Actual; (S) Simulated.

First load cycle interrupted by "SHUTOOWN® signal during rapid loed. »

Reload eycle Interrupted by s}mul\nnoouo Toss of power and instrument alr during rapid load.
Storage level high ~ L0, and 602‘ i :

Storage level low - LO, and 602.

2

Applicable

Notes
(3)
(1) (8}
o
{8)

{3)

(2) (3)

(3)

88
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Test control will be exercised from the Command Contrbl ‘
Center. During tests 2. 2.1 and 2.2.2, the PL and PS Checkout Panel
will be under: observation. ; '

Prior to each test, the liquid oxygen storage tank ullage
iransfer pressure will be adjusted to give the desired pressurization.

The countdown sequence will follow the actual accepted count-
dowrn seguence. Except for test 2. 2.6, no test in the series w111 be in-
vrupted during the entire sequence. :

The liquid oxygen transfer sys.tem can be reactivated approxi-
mately six hours after the last test, when its liquid oxygen content will
have boiled off. ]

Ernumerated, detalled and specific test steps for each test
run will be ccvered in ""Detailed Test Procedures,' to be 1ssuedAsepa-
rately as a supplement to this test specification. The supplement will
also include test prerequisites, pretest proceﬁdures, and the required
status of valves and equ1pment after a test The procedural documents
will be enumerated as follows: ¥y !

Test Number ‘Procedural Document Number

2
V%
o
o 2
2.3
5.5
2

E. TEST CONTROL '

The liquid oxygen transfer tests will be carried out automati-
cally by means of the PLS Test Control Panel. The panel will be located
in the Control Center and will contain ''real time'" indicating instruments
required for test control. Additional pen-recorded, trend-indicating

data will be available from the Str1p Charts (5630), also located in the.
Control Center..

All controls and instruments required for test control are
listed in Table 2.2b.. A more detailed description of the PLS Test Con- -
trol Panel, the Test Selector Panel, the PL and PS Checkout' Panel, and
a complete listing of all"Real Time'' instrumentation can be found:;in

Section V of this report. i

QAethur D.WLittle Ine. -

.l | e B et 2
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TABLE 2.2b

TEST CONTROL AND INSTRUMEN TATION REQUIREMENTS

PLS Control Panel

Test No. Control Units Instrumentation

All Tests PLS Control Panel PI-305 LSI-252
Strip Charts (5630) - PI-225 LSI-253
Test Selector Panel PI-226 LSI-254
PL and PS Panel LSI-201 LSI-255
Equipment and 1.S1-202 ‘LLSI-256
Facilities Console LSI-203 LSI-257

LSI-204  LSI-258
LSI-205 @ LLI-251
LSI-206  .LLI-252
LSI-212 MI-212
. LSI-251  MI-314

E. TEST DATA AND TEST INSTRUMENTATION REQUIREMENTS

In order to meet the test objectives defined above, specific
test data must be collected, anal}zed and mterpreted

i -

Table 2. 2c lists the data requlrements for test series 2. 2,
together with test instrumentation used to obtain the data. The matemal
has been tabulated in order of specific test obgectwes justifying hsted
data and mstrument requirements.

Essentially, only "Quick Look" instrumentation has been
specified for data analysis. Specific instrumentation details, such as
type of transducer, range, location, and desired accuracy have been
listed in Table 1V-d of Section IV. ‘

G. EQUIPMENT REQUIREMENTS .

The operation of the transfer tests will essentially require
the use of the complete liquid oxygen system. The subsystem areas
involved have been tabulated in paragraph C above.

The liquid oxygen flow system is shown in Figure B-3 of

Appendix B. In addition, the test equipment requlrements have been
listed in Table 2. 2d.

. S — © e v s o
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TABLE 2. 2c
TEST DATA AND INSTRUMENTATION REQUIREMENTS
Test = -
Objective: E . Test Data Requirements Test Instrumentation
la . (1) GOg pressure - PR-302
' _ | PR-305
(1a) Storage tank GO2 temperature TR-201, 305
(2) LOg fill line temperatures - TR-202, 209, 213, 214
‘ ‘ TR-203, 204, 217, 218
: ,_ 207, 208
(3) LOg fill line pressures - PR-219, 217
' PR-202, 203, 207, 205
! 222 :
(4) LOy fill line liquid LSR-201, 202, 203, 204
sensing . 205, 206, 212
(5) 'Missile tank pressure | PR-225, 226G
(6) Missiletank inlet temperature TR-210, 219, 220
(7) Missile tank liquid LSR-251, 252, 253, 254
. : 255, 256, 257, 258,
, LLR-251, 252
(8) Elapsed time _
(9) Valve position MR-202, 204, 205, 209
303, 314
MR-201, 203, MR(T)-304,
: ' 305, 213, 214, 215
o _ :
E 1b " (10) Missile tank press PR-225, 226
= - (11) Missile vent gas temp. - TR-306, 307
£ : (12) Missile tank level sensing ~ LLR-251, 252
3 (13) Elapsed time e L ‘
g (14) Valve position MR-311, 312, 314, 310

(15)

Vent blower on-off

MR-313

Test No.

all

2.2.1 thru 6
all %
2.2.1 thru 6
“all o :
2,2.1 thru 6
all ;
2.2.1t4ru 6
2.2.1thru6. .
all
all
2.2.1 thru 6
all
all
2.2.1 thru 6
all -
2.2.1 thru 6
all
all
~all

16
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2a. -

2b

2c

TABLE 2. 2c (Continued)

Test Data Requirements

(16‘)
(17)
(18)
(19)

(20)
(21)

(22)
- (23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)
(31).

(32)
(33)

Visual observation

LO, unload piping liquid
sense - :
Missile tank pressure
Storage tank pressure
LOg2 piping pressure

LO2 piping temperature -
GNg blariket pressure
Pump on-off information
Valve position

Vent gas temperatures

See objective la
items 1 through 9

LO, topping line temperature -

LOy topping:'ﬁne_’p'x‘ess'tire )

LO, main line flow

-‘LOgy topping line flow ;
Valve position. -

LOg storage tank level
GO,y bottle temperature

Test Instrumentation

none

'LSR-205, 206, 207, 212

PR-225, 226
PR-305

FR-221, 223
TR-214 .
PR-510, 511, 507
MR-212

'MR-207, 210, 211, 302

301, 308, 505, 516
518, 503, 519

MR-309, 522

TR=304,-305, 306

TR-205, 206, 212, 216
TR-211, 215
PR-209, 211

213, 216

PR-215, 214

FR-201, 202 ’
MR-203, 206, 208

- MR(T)-213, 214

MR-202 -

PR-224. (LLI-201)

TR-301, 302

TR-303

Test No.

2.2,

2.2
all

2.2,

all

Kall

2.2
all

all’
all

2.2,

1

.1 thru

. 1 thru

. 1 thru
.1 thru
.1 thru

. 1'thru

. 1 thru

1 thru

.1 thru

1 thru

[ B2

26

T i g, PO aaler T
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Test.
Objective

2¢ (cont'd)

2d

)

TABLE 2. 2¢ (Continued)

(34)
(35)
(36)
(37)
(38)

(39)
(40)

(41)

- (a2)

Tf-zs_st Data Requirements Test No.
GOy bottle pressure PR-301 il
GNg bottle temperature TR-503 ail
GNj bottle pressure PR-510 2.2.1thru 6
LOg subcooler LNy level PR-220 (LLI-401) 2.2.1thru6
Valve position ) MR(T)-304, 305 all
MR-303 all
MR-505, 516, 518, 519 2.2.1thru6
Missile tank pressure PR-225, 226. all
L‘OZ main line pressure PR-207, 221 2.2.1 thru 6
"PR-217 ' all
L02 topping line pressure PR-209 2.2.1thru 6
i e PR-216 all
I_;Oz main lineliquid LSR-203, 204 2:2.1 thru 6
' sense ; ! o
- ©
w : 3
"'1.’;5")‘\5:{?@““:-1:&vw.:ye\fz\l;xe: 5 A A

Test Instrumentution

st No.
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. TABLE 2. 2d

EQUIPMENT REQUIREMENTS

Test No. Tanks - Equipment Lines Valves Misc.
All T-201 201 . CV-201 ~ C-201
J T-202. . 202." - 'CV-205 F-201
T-203 203 CV-206 . F-202
T-301A 204 CV-207 F-203
T-301B 205 _ CV-301 F-204
T-301C 206 ‘ CV-302 F-205
T-401 _ 208 Cv-311 ~ P-201
T-505 209 Cv-312 Stage I LOy Tank
: 210 CV-313 Stage 11 LOg Tank
211 CV-314 '‘C-301 ,
212 . CV-315 " P-303
213 CV-350 . S-301
214 CV-401 .  S-303
215 .. . CV-402 = C-401
216 CV-410 S-509 .
217 - . CV-411 S-510 .
301 . - . €CV-412 - §-513
302 t..Ccv-413 P-701
303 - CV-501 P-702
306 . CV-502 '
308 - CV-511"" - &
309 .. CV-512
310 CV-528
311 . CvV-529°
313 .~ CV-530
316  CV-531
317 . CV-532
318~ CV-533
319 CV-534
320 CV-535
.321 CV-536
326 . CV-539
328 . © CV-701
o 333 . CV-702
A 338 . CV-1704
e © 340 ~Cv-706 -
T 341 CV-750 -
344 CV-752.
345 ~~  CHV-507 , E
346 % CHV-508.., oo g 8 5 it Sad
S O - -




Test No.

TABLE 2. 2d (Continued)

Tanks Equipment Lines Valves
347 CHV-512
348 CHV-513
349 . " CHV-518
350 CHV-520
351 CHV-521
352 CHV-522
353 CHV-523
354 FCV-201
355 FCV-202 -
401 FCV-203
402 FCV-204
501 FCV-205
528 FCV-206
540 FCV-207
541 FCV-208
550 FCV-209
551 FCV-211
553 " FCV-212
556 FCV=215
557 FCV-217 =
558 - FCV-218

_ 563 . ~FCV-301

& - 564 <~ FCV-302 -
566 " FCV-303
567 FCV-304
568 "FCV-305
569 FCV-306
570 FCV-307
571 FCV-510
572 FCV-511
573 FCV-516
574 FCV-517"
575 FCV-701
576 FCV-702
701 PRV-502
702 SV-301 .
703 SV-303 -
705 SV-305

SV-306
SV-307 .
SV-308

. Misc.

95

~ Avthur D Uittle, Ine.
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Test No.

Tanks

TABLE 2. 2d (Continued)

Equipmeht Lines Valves Misc.

S e LS e e < o

-——

SV-310
SV-311
SV-312
SV-313
SV-314
SV-315
SV-317
Sv-318
.SV-319

SV-320 .
SV-337

- SV-338
SV-501
SV-502
SV-503
SV-504
SV-523-

([ SV-530
_ SV-531
SV-532

B e e e e A G,
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A complete listing of all OSTF-PLS equipment requ,ir.e'ments,v St

including manufacturers' names and model numbers, will be found in
e ADL Propellant Loading System Specifications. ¢ b5 o

1i. SUPPORT REQUIREMENTS ; Sy

To carry out the cooldown tests, the following support will be re-

aared from socurces other than Arthur D. thtle Inc., at the Vandenberg
;\’x Force Base. : :

’

1. Facilities and Services

a. Power

Electrical power will be required to operate the following equip-
ment: , A LT W m

(1) L02 pump, system controls and mstrumentatmn
test mstrumentanon

'(1) .Propellant Termmal (PT),

(2) M1s51.le SllO (MS) -‘-’ : . LR

(3) Tunnel bet\‘l-;een PT and MS,

i i
(4} Third level of the Equipment Terminal,‘ and

(3) Command Control Center.

Arthur D.Vitdle, Ine.

B 1 Shren o e % iy S s A g & i s X = g 3
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c. Lighting
The follewing areas will require lighting: '
(1) Propellant Terminal (PT) o it 1 8
(2) Missile Silo (MS)
(3) Tunnel betweeanT and MS
(4) Third level of the Equiprnent Terminal '

(5) Command Control Center.

.d. PLS Cleanliness

Prior to each test run, inspect the system (covered under
"EQUIPMENT REQUIREMENTS") to insure that it is under proper
blanketing and that the areas are void of unsafe rnaterlals and in a
clear cond1t1on :

Specific-eleaning requirements will be called for during or
at the. completion of a maintenance and repalr operation rather than
prior to a test. (See Section IX. )

e. First-Aid Services S e

e

A first-aid station at the test site should be set up and manned
durmg pretest test and post-test warmup operatxons

f. Communications
Communications will be required between: Areas 1, 3,5, 7,

9, 11, 13, and 18. ADL communication requlrements have been covered
in more detail in'Section VIII.

-8 V1sua1 and Audlo Warning S)stem

.During test runs 2.2.1 and 2.2" 2 the propellant terminal,'
missile silo, and adjacent surface areas w111 be restricted to all but
authorized personnel participating in the test. The duratlon of this .
"Warning Level' will be approx1mately e1ght hours per test.

- - e ———re e } . :
r T S aan! ' -} S— gog: e oo
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During tests, 2.2.3, 2.2.4, 2.2.5, 2.2.6, and 2.2.7, the
propellant terminal, adjacent surface areas, and missile silo will be re-
stricted for eight hours to all but authorized personnel participating in
the test. The complete launcher area will be closed to all personnel for
a period of four additional hours. '

The warning will be expected to signal the above requirements.

h. Sole Facility Use '
ADL and other personnel associated with each test run will
require sole occupancy of the following areas for eight hours per test run:

Propellant. terminal

Missile silo ,
Equipment terminal (limited area), and
Control Center (limited area).

2. Supply Requiremen:ts

The following quantities of liquids and gases should cover all
transfer test run requirements. ;

PR el Vet e Intial FA s e e s
Test No. Fluid  Receptacle. Storage Tank . Usage‘;-

2.2:1 LNg T-201 25,200 gallons , 3,000 gallons =
GN2 T-502 33,600 SCF . 200 SCF
- GNp T-301 205,000 SCF 20,000 SCF
GN2 T-504 33,600 SCF 100 SCR
2.2.2 LNy T-201 25, 200 gallons © " 4,785 gallons
GN2 T-502 33,600 SCF 200 SCF
GNj T-301 205,000 SCF = . 20,000 SCF
'GN2 T-504 33,600 SCF '~ 100 SCF
21923 LO2  T-201 25,200 gallons .- 3,200 gallons
GO2 _ T-301 205,000 SCF - 15,000 SCF
GNz ~  T-502 33,600 SCF 200 SCF .
GN2 t T-504 33,600 SCF. 6,000 SCF
He

‘T-601 113,700 SCF 2,100 SCF

e RN, Arthue B Wittle.Ine.
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Initial Fill

Test No. Fluid HReceptacle Storage Tank
2.2.4 LOy T-201 22,600 gallons
GOy T-301 204,000 SCF
GNg T-502 33,600 SCF
GNg T-504 33,600 SCF
He T-601 113,700 SCF
LNo T-401 1,470 gallons
2.2.5 LO2 T-201 25,200 gallons
GO, T-301 204,000 SCF =~
- GN2 T-502 33, 600 SCF .
GNy '~ T-504 33,600 SCF
“LNg - T-401 1,470 gallons .
2.2.6 LOp  T-201 25,200 gallons
‘ - GO2 T-301 204,000 SCF
GNg2 ' T-504 33,600 SCF
GNg = T-502 33,600 SCF
2.2.7 LO2 T=201 25,200 gallons! =
LNy = . T-401 1,470 gallons =~
GOz T-301 ' 204,000 SCF
GNy T-502 - 33,600 SCF
GNg -~ T-504 33,600 SCF
S HELT . L 113,00 SCF

i ‘ : - ,H v 0
3. Assocmted Contractor SuPPOrt ;

Lo R T

Usage

3,200 gallons
15,000 SCF
200 SCF
6,000 SCF

. 2,100 SCF

230 gallons

/4,600 gallons
23,000 SCF
200 SCF

* 12,000 SCF

_ 460 gallons

3, 000 gallons

23,000 SCF
12,000 SCF
200 SCF .

S, 700 gallons
460 gallons
24,000 SCF

200 SCF
12,200 SCF

_. 4,200 SCF .

The followmg Support is assumed to be ava11ab1e from assocxatex

contractors at Vandenberg Air Force Base:

a.! Test instrumentation: calibration, pret‘esit checkout,
test operation, post-test processing, and basic data

reduction; The Martin Company

b. PLS'maintenance: facility cleaning, labor, shop
' repair, field repair, and replacement of defective i
equipment plus other labor and craft support, such
as electrical and pneumatio The Martm Company

]
|

"c‘. ‘ Handlmg of umb111cal d1sconnects and’ other mlssile

silo equipment, such as silo closure doors;
American Machme and Foundry Company and T,he
!

Martm Company

The . Q |
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d. Quality control: l1qu1d and gas analys1s Valndetgbefg - ) ‘
Air Force Base on request. e s SR A '

|

| _SAFETY REQUIREMENTS. N e :

& Hazard Area : ) : i B ..i :

The hazard area for test 2.2.1 and 2. 1.2 (indicated on Fig- ' )
cie IX-b) includes the missile silo, propellant terminal, certain tunnels,
vunt-and-fill shafts, and the surface area within 150 feet of the oxygen

cnt-and-fill shaft opening. Use of these areas is restricted to test and
assocliate contractor support personnel only. During tests 2.2. 3, 2. 2.4,
2.2.5, 2.2.6, and 2..2.7, when the system will contain gaseous .and liquid’
x\gen the complex w1ll be restricted to all personnel for a pemod of
four hours per test. (See F1gure IX-c. ) ! icne &
iy

2. Warnings, & 47500

Nontest personnel shall be iwarned to leave the hazard area ,
before a test. Safety barriers shall'be estabhshed at, t,he entrance from
the tunnel junctions or control center and around the shaft opemng Audio
warnings are to signal the start and completmn of tests and. s1gmficant
conditions durmg test progressg. - . ool e

v “g

,shoes neoprene glOVeS and safety gla,,g,sesta,f,'rYg A .
shlelds : g

' b. Wear face sh1e1ds and asbestos gloves 1t' work in- R
volves contact with gas or hqu1d gas Rk B

c. Inspect the hazard area to insure that 1t JS clean,
“and clear of personnel tools. materials; and debr 5.
) . : i Ty e

d. 'Unl'ess othei‘wise ‘directed remain out of the prb
pellant terminal and mlss11e ‘silo durmg all t,ests
.and out ,of the entire complex during tests 2 2 3

through 2.2. 7 i

Vi :""}“‘ ”43"’ Al v:lle" 3 e ‘;;”'"f ‘ .,-.--« %~,:w.-w~, s
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e. Use only nonsparking tools and grounded portable
equipment, and introduce only clean tools and
materials into the complex. '
f. Test the atmosphei’e_ with. oxygen and nitrogen
"sniffers" prior to entering a space after a test.
. g. Observe the NO SMOKING precaution.
J. CRITERIA ' . T . :

The ability of the PLS to deliver liquid o,lxygen to the missile
in sufficient quantity and at acceptable pressure and temperature within
allowable countdown time will be considered the criterion,of success.

|
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6.1 AND 6.2: HELIUM TRANSFER TESTS

A. PURPOSE

The purpose of this test series is to demonstrate the ability of
the PLS helium system to deliver the required cold and warm helium to the
missile helium system as well as to supply warm helium to the missile
antigeysering helium injection system. ' '

B. TEST QBJECTIVES

These specific test objectives are based on basic system test
objectives contained in STL document GM-TR-0165-00323B, revised
30 October 1958, and applicable to Test PlanI - 5. .

V) %
i T i < T SISO P S B B i
- »4— - oape - . St et SR e s e — e s

1. Primary Objectives

a. Demonstrate that the PLS hehum system can supply the re-
quired cold and warm helium to the missile helium system at the proper
temperatures and pressures within the’allotted countdown time, durmg '
hold periods, and during and after missile elevation.

. b. Demonstrate that the PLS helium system can supply warm -
helium to the antigeysering connections in the 11qu1d oxygen system during .
hold periods. . Y i ;

'c. Demonstrate that the PLS heliﬁm recovery éystem‘ can safely

recover uncontaminated hehum from the m1ss1le m-fhght bottles during
unloading operations. :

2. Secondary 'Objectives

a. Determine the consumption of helium and liqu:ld nitrogen
during load and antigeysering operatmns ‘

s

b. Evaluate the effecnveness of the heliurh recovery syst'em.'

i

d ﬁytb\;r D Aittle Iuc.
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C. SYSTEM SUMMARY

The systems to be tested can be broken down into the followmg
subsystems:

(1) Helium Storage,

(2) Warm Helium Transfer,

(3) - Cold Helium Transfer,

(4) Helium Cooler, ot
(5) Antigeysering Hehum InJectlon and
(6) Helium Recovery.

The operation of the hehum system is carr1ed out automatlcally
by means of the following control buttons:.

() Load, " ~ o ' (4) Unload Hehum,

- (2) - Stop Toppmg, : (5) Helium Recovere:d and '.g
(3) Shutdown, (6) Unload LOz

3

The control buttons, when depressed, w111 energ1ze sequencer ;
circuitry. The details, of the sequence of operatmns that follow such-action
are discussed.in the."ADL System Specifications' :(ADL Special Report 86).-
A summary of these operatmns as they apply to the helmm tests is: gwen E

below S ,..) Ry

, W1th the helium svstem ina ready cOnd1t1on, the depression
of the ”load" button w111 start. the followmg sequence*‘ - ;
hehum system, and into the rmssz.le m-fhght bbttles uhtxl i-h
sure in the bottles reaches an 1n1t1a1 predetermmed level e A

I v . . [ : : ol ‘r"A- g 2 R §3'%"1“;‘. :
| (2) After LOz lme cooldown or its’ 31mu1atJon hehum flow will~

automatically be reinitiated and the missile in- fhght bottles pressurlzed to
their in-flight pressure -

he hehumy.- pres-

(3) The completlon of L02 fine load will automatlcally initiate
ant1geyser1ng helium flow, which will continue throughout the hold period.

helium umb1l1cal dzsconnect and automancally start warm hehum dehvery
to the helium 1n-f11ght bottles S 8 Dl e L v D » s

(5) The depressmn of'the' shiitdbwn button at any t1me stopa
helium flow to the m1ssue from the prOpellant loadmg system._w =

e -
4 ) S |
i t
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(6) Before L02 is unloaded, the helium recovery system will
automatically become operative. Helium gas, supplied for missile ullage
pressurization, will thus be recovered down to a predetermined pressure
level. The remuaining helium, together with nitrogen gas supplied auto-
matically «t this time, will be used to effect pressurized liquid oxygen
miissile tank unloading. ‘ ‘

;‘u

|

ATIO

=

i, TeT OFEl
_ i1 categories of tests have been planned for the helium trans-
feetweeis. The first test--6.1. 1--will load warm helium and prove out the
ancieion of the system at reduced pressures. Test runs 6.2.1, 2, 3, and
< will e performed in conjunction with liquid nitrogen or liquid oxygen
rransfer. Test run 6. 2.6 will be in combination with a fuel and liquid
oxvgen transfer. The foux th category (test 6. 2. 5) will be.a helium trans-.
fer, first interrupted by a "shutdown" command and later by the simulated
loss of power and instrument air. Table 6. la lists the helium transfer
tests, together with test variables. LA L

The helium transfer tests will be operated from. the PLS ’T‘e;’st

Control Panel, located in.the Command Control Center.; The Test Sélector :

Panel will be used to set up.the PL and PS sequencer to ‘perform tests not
carried out in conjunction with a liquid oxygen transfer test. Durlng the
first helium test (6. 1. 1), the propellant: térmlﬁal and m1ssﬁe silo will be
manned by observers. During portmns of all other tests, all areas except
the Command Control Center w111 be evacuated y

Enumerated, detalled step by-step procedure for each test will

be covered in "Detailed Test Procedures," to bz issued separately as a
supplement to this report. These will be enumerated as follows: !

Test Number = " Procedural Document Number

6.1.1 101-6.1.1
6.2.1 101-6.2.1
6.2.2 .101-6.2.2
6.2.3 101-6.2. 3
6.2.4 101-6.2.4
6.2.5 101-6.2.5
6.2.6 101-6.2.6

QArthur D). Little, Ine. e
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TABLE 6.1a

. HELIUN TRANSFER TESTS .
. = Holiwm s X ' . Nitrogen
Helium Flow Helivm Liquid Delivery .Intlg_cyurlngl‘ ’ In-Flight Pressure
Control Valve Storage MNitrogem to Helive Helium " Helium ' Bottie vis '

Test Setting Bottle Im Neliwm In-Flight. - Injection . Recovery Fluids in Pressure 1-Hour Helium Concurrent Applicable

No. ($ Design)’ Used Cooler Spheres  Required Operation SM Tanks {psi) Hold Systen Tests Notes
6.1.1 100 . SA o v Yea Mo Yes None _500/2000 -~ No No g 1
‘6.2.1 100 8 Yes - Mo No "Yes LN, 3000 Yes Yes 2.2.2 2

6.2.2 100 " Yeos Yoo o Yes Yes Lo, 3000 Yes Yos 2.2.8 3

6.2.3 120 ) Yes Yes o Yoo Lo, 3000 Yes Yes 2.2.5 3

. ’ . 1

6.2.8 60 []) Yes Yes No .. Yes L02 3000 No Yes 2.2.% 3

6.2.% 100 ] Yes No No Yes None 1000/2000 No No - [}
6.2.6 100 #A & 48 Yes Yes Yes Yes . | LO, 3000 Yos Yes 1.2.2 5

: & fuel 2.2.7

2.2.1 © Not . ¢ 4B Not < only © Yes o 500 No Yes - .
' 2.2.3 Criticel SA Required Only 4 Yes T No Lo, 500 No Yes - 6

2.2.6 . '] Only No . N Lo, 500 No Yes -

1. . Warm helium to be loaded to SO0 psi; liquid oxygen in miasile tanks " 8. Cold helium only, Shutdown button to be depressed when in-flight ‘bottle
‘ simvlated, and the warm helive then pressurized up to 2000 pai~ pressure is spproximately 1000 psi. After return to ®loading,® simulated

' . : o ) i power and instrument air failure to be tested when pressure is approxi-

2. Complete helium cycle with LN, eboard missile tank; cold helium mately 2000 psi.

delivery only. . -
5. Th_ln test—part of the PLS test—includss a helium reload cycle,

3. Cosplete helium cycle with Lo, aboard missile tank, including ] : . . 5
antigeysering ‘and warm holium deliveries, as indicated. 6. These liquid oxygen tests recuire limited support from the heliva systes.

901
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E. TEST CONTROL

The helium transfer tests will be controlled from the PLS Test
Control Panel, located in the Command Control Center. The PLS Test
Control Panel and the Strip Charts (5630) will contain the "real time" indi-
cating instruments required. - ;

Table 6. 1b lists the control equlpment and control 1nstrurnenta—
tion used in all helium transfer tests.

TABLE 6. 1b

CONTROL EQUIPMENT AND INSTRUMENTATION REQUIREMENTS

Test No. Control Unit Control Instrurhentation
All ~ PLS Test Control Panel PI-609, PI-608,
Test Selector Panel TI-607, TI-606.

PL and PS Panel

F. TEST DATA AND TEST INSTRUMENTATION REQUIREMENTS

In order to meet the test objectives defined above, specific test .
data must be collected, analyzed, and interpreted. .

Table 6. 1c lists the data requirements for test series 6.1 and
6.2, together with test instrumentation used to obtain the data. The ma-
terial has been tabulated in order to test ob3ect1ves which justify the spe-
cific data and mstrument requu'ements

Essentially, only "Quick Look" instrumentation has been spe-
cified for data analysis. Specific instrumentation details, such as type
of transducer, range, location, and desired accuracy have been listed in
Table IV-d in Section IV. The location of a specific test 1nstrument can
also be found in Figure B-2 of Appendix B, ~

G. EQUIPMENT REQUIREMENTS

The helium transfer system has been broken down and the sub-
system tabulated in paragraph C above.

Table 6.1d is a complete listing of equipment to be used in each
test series.

QArthur D Wittle Ine,
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Test-
Objective

la

(1)

(2)°

(3)

(4)
(5)
(6)
(7)

(8)
(9)
(10)
(11)

(12)

(13)

1b

lc

2a

2b

(14)
(15)

(16)
(17)
(18)
(19)
(20)

(21)

(22)

(23).

(24)

(25)

TABLE 6. 1c

DATA AND INSTRUMENTATION

Test
Test Data Requirements Instrumentation
Helium pressure PR-601, 603
PR-602, 604
PR-605-
Helium flow ' FR-601 (OF 601)
(OF 602)
Valve position MR (T) 603
MR (T) 604
Helium loading pressure PR-606
Helium loading pressure PR-607
Helium temperature to cooler TR-603
Helium temperature from TR-604

cooler o ) )
Cold helium valve position- MR-602
Warm heliumvalve position @ MR-601
Helium loading temperature TR-605

Helium temperature missile  TR-606, 607,608

tanks .
Helium pressure missile tanks PR-608,
Elapsed time - :

Helium pressure -PR-603
Helium flow FR-601 (OF 602)
: (OF 601)
Valve position MR(T) 603
' . MR-601
Helium deliverypressure PR-606
Valve position ~ MR-602, 605
Helium pressure PR-607
Helium temperature ' TR-601
TR 602
Helium pressure PR-601
PR-602
. PR-401
Visual observation none
Helium temperature TR-601
TR™602
Helium pressure . PR-601
PR-602
PR-607
PR-606 -

Valve position L MR-602,

‘609

605

C').C)NO)O'JO)G)O’W [=2l=p]

P
P

[
[

9’30’30’30’)0’30’30’30’30’)

- all

D
[

all

[\

= D) = D)
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TABLE 6. 1d

Gnskirg

EQUIPMENT REQUIREMENTS '

Test No. Tanks " Lines I Valves ' Misc.

6.1.1 T-601A 524 601 606 CV-503 FCV-601 SV-517 C-601
= 533 602 608 Cv-504 FCV-602 SV-601. C-602
539 603 609 CV-601 FCV-603 SV-603 S-601
548 604 610 CV-602 FCV-604 SV-605
582 605 611 CV-603 FCV-605 SV-606 Missile Helium

612 613 Cv-604 - Sv-607 Storage System
614 615 CV-607 - SV-608
CV-610
6.2.1 T-601B 402 604 CV-404 FCV-601 SV-517 - C-601
T-402 524 605 CV-405 FCV-602 SV-518 ' C-602
533/ 606 -/ | .CV-406 FCV-603 SV-519. P-703
535 608 CV-407 FCV-604 SV-522 ~S-602
536 609 CV-408 FCV-605 SV-601 . '
539 611 CV-409 FCV-703 SV-603 Missile Helium
548 - 612 CV-503 SV-605 Storage System
582 613 CV-504 SV-606 _
601 614 CV-601 SV-607
603 615 CV-602 SV-608 i
' CV-603 ' . : .
CV-604 . ; R %
_ A CV-608 K ' e
LA CV-611
' CV-703
CV-1705

Cv-1751

‘-_:--_ : ' ' _ ' QArthur D Aittle, Ine.

- o~ ot .- - . = — CR - L m—a -



110

Test No. Tanks
6.2.2 T-601A
T-402
6.2.3 T-601B
T-402

402
524
533
535
536
539
548
582
601
602
603

402
524

© 533

535
536
539
548
582
601
602
603

TABLE 6. 1d (Continued)

Lines

604
605
606
608
609
610
611
612

613 -

614
615

604
605
606
608
609
610
611
612
613
614
615

Cv-1751 -

Valves Misc.
CV-404 FCV-601 SV-517 C-601 -
CV-406 FCV-602 SV-518 C-602
CV-407 FCV-603 SV-519 P-703
CV-408 FCV-604 SV-522 S-601
CV-409 FCV-605 SV-601 .
CV-503 FCV-703 SV-603 Missile Helium
CV-504 SV-605  Storage System
" CV-601 SV-606 '
CV-602 SV-607 - Injection .
CV-603 SV-608 System -
CV-604
CV-607
CV-610
- CV-703
- CV-705
CV-151
CV-405
CV-404 FCV-601 SV-517 C-601
CV-465 FCV-602 SV-518 C-602
CV-406 FCV-603 SV-519 P-703
CV-407 FCV-604 SV-522 S-602
CV-408 FCV-605 SV-601 v R
CV-409 FCV-703 SV-603 Missile Helium
-CV-503 SV-605 Storage System
CV-504 SV-606 N
CV-601 SV-607
CV-602 SV-608 .
CV-603
CV-604
CV-608
CvV-611
CV-703
CV-1705

A v s e e




Test No. Tanks

.6.2.4 T-601A
T-402

6.2.5 T-601B -
T-402

TABLE 6. 1d (Continued)

111

Lines .Valves Misc.

402 604 CV-404 FCV-601 SV-517 C-601
524 605 CV-405 FCV-602 SV-518 C-602
533 606 CV-406 FCV-603 SV-519 P-703
535 608 CV-407 FCV-604 SV-522 S-601
536 609 CV-408 FCV-605 SV-601
539 610 CV-409 FCV-703 SV-603 Missile Helium
548 611 Cv-503 SV-605  Storage System
582 612 CV-504 SV-606 '
601 613 CV-601 SV-607
602 614 CV-602 SV-608
603 615 CV-603

CV-604

CV-607

CV-610

.CV-1703

CV-1705

CV-1751"
402 604 CV-404 FCV-601 SV-517 -C-601.
524 605 CV-405 FCV-602 SV-518 C-602
533 606 CV-406 FCV-603 SV-519 P-703
535 608 CV-407 FCV-604 SV-522 S-602
536 609 CV-408 FCV-605 SV-601- ,
539 611 CV-409 FCV-703 SV-603 Missile Helium
548 612 CVv-503 SV-605  Storage System
582 613 CV-504 .SV-606 - ‘
601 614 CV-601 SV-607
603 615 CV-602 SV-608

CV-603

CV-604

CV-608

CV-611

CV-703

CV-1705

CV-1751

QArthur D. Little. Ine.

Lol e ————

ST L) e gy S o = e P oy ey

e




TABLE 6. 1d (Continued)

Test No. Tanks Lines Valves Misc.
6.2.6 T-601A 402 604 CV-404 FCV-601 SV-517 C-601
T-601B 524 605 CV-405 FCV-602 SV-518 C-602 .
T-402 533 606 CV-406 FCV-603 SV-519 P-703
535 608 CV-407 FCV-604 SV-522 S-601
. 536 609 CV-408 FCV-605 SV-601 S-602
539 610 CV-409 FCV-703 SV-603
548 611 CV-503 SV-605 Missile Helium
582 612 cv-504 CV-603  qv_606  storage System
601- 613 CV-601 SV-607 :
602 614 CV-602 SV-608 Injection
603 615 CV-604 System
CV-607 '
CV-608
CV-610
CV-611
CVv-703
CV-705
CV-151

| ———
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H. SUPPORT REQUIREMENTS

1. Facilities and Service

.a. Power

Electrical power will be required to operate the following equip-'
ment: ' : o

(1) Pumps, system controls and instrumentation,
test instrumentation,

(2) Charging equipment, and

(3) Air conditioning and ventilation.

b. Air Conditioning and Ventilation

This service will be required for the following areas:

(1) Propellant Terminal (PT),

(2)~Missile Silo (MS),"

(3) Tunnel between PT and MS,

(4) Third level of Equipment Terminal,. and
(5) Command Control Center :

c.. Ligh'ting:

Lighting will be requ.ired in the areas listed in (b) above.

d. PLS Cleanliness

Prior to each test run, inspect the system under YEquipment
Requirements" to insure that it is under proper blanketing and that the
areas are void of unsafe materials.

Specific cleaning requirements will be calle'd for during or at

completion of a maintenance and repair operation rather than prmr toa
test. (See Section IX.)

“QAethur D, Wittle, Ine.
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e. First-Aid Service

A first-aid station at the test site should be set up and manned dur-
ing pretest, test, and post-test operations. See paragraph I for safety con-
siderations.

f. Communications

Communications will be required.between: Areas 1, 2, 3, 4, 5, 6,
7, 9, 11, 13, 15, and 18.. ADL communication requirements have been covered
in more detail in Section VIIL. -

g. Visual and Audio Warnin&System'

A visual warning system should be in effect during the test to pro-
tect personnel in the hazard area defined in Figures IX-a and IX-b.

An audio warning system should be in effect to warn personnel from -
the hazard area, S1gna1 the start of tests, signal significant test cond1t1ons and
sound the "“all clear.' '

h. Sole Facility Use.

During test runs 6.1.1 and 6.2.5, ADL and other personnel asso-
c1ated with the test run will require sole occupancy of portlons of the propellant
termmal and missile silo.

As the other test runs are all done in conjunction with another test,

the sole occupancy requirements will be the same as those called for by the
concurrent test listed in Table 6 la. -

2. Supply Requirements

The followmg quant1t1es of liquids and gases will be required for
test series 6.1 and 6. 2. , -
Concurrent Test

N S _ Helium Requirements - Giving Other
Test No. Bottle or Tank Initial Fill Usage Supplies
6.1.1 601A, 601B 165,200 SCF 234 SCF NONE -
6.2.1 - - . - 11, 000 SCF L 2.2.2
6.2.2 - - % 13,000 SCF o Beduth
6.2.3 - - - 11, 000 SCF - 2.2.5
6.2.4 - - = - 11,000 SCF 2.2.5
6.2.5 - - - 11,000 SCF NONE
.6.2.86 2.2.7

- - - 25,640 SCF 1.2.2,

:f-:{ -
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3. Associated Contractor Support

The associated contractor support called for under the concurrent
test will be required for test series 6.1 and 6. 2.

I. SAFETY REQUIREMENTS

1. Hazard Area

s ’ The hazard area for tests 6.1.1 and 6. 2.5 (indicated on Figure
I1X-b) include the propellant terminal, missile silo, certain tunnels, the .
vent-and-fill shafts, and the surface area within 10 feet of the shaft open-
ings. The hazard areas for tests 6.2.1, 6.2.2, 6.2.3, 6.2.4,.and 6.2.6

. are the same as those for the 1.2 or 2.2 parent tests. These areas shall

be restricted to test and associated contractor support personnel only.

2. Warnings

Nontest personnel shall be warned to leave the-hazard area before
a test. ' Safety barriers shall be established at tunnel junctions one and two |
and around the shaft openings (for tests 6. 1.1 and 6. 2.5) or at the entrance
from the control center and around the shaft opening (test 6.2.1, etc.).
Audio warnings are to signal the start and completion of tests and significant
conditions during the tests' progress. : ' )

3. Safety Practices

Test and associa{ed contractor support personnel are to:

a. Wear hard hats, clean cotton clothing, and neoprene
gloves. :

b. Wear safety glasses or eye shields if working near
charged, high-pressure gas lines and equipment.

c. Inspect the hazard area to insure that it is clean,
and clear of personnel, tools, materials, and debris.

d.  Unless otherwise specified, stay outof the pfo-
- pellant terminal and missile silo during the tests.

N
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e. Use only nonsparking tools and grounded = *
portable equipment, and introduce only clean
tools and materials into the complex. .

f. Test the atmosphere with oxygen and nitrdgen
"sniffers" prior to entering a space after a
test. : k|

g. Observe the NO SMOKING precautions.

e

'J. CRITERIA

The ability of the PLS to deliver helium to the missile inter-
face at the required pressure and temperature and in a sufficient quantity
will be considered the criterion.of success.
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PLS: COMBINED PROPELLANT LOADING SYSTEMS TESTS.

A. PURPGSE

-~ dure,

The purpose of this test is to demonstrate the abxhty of the
propellant loading system to perform a complete load, ho!d unload '
relcad, and unload cycle for liquid oxygen and helium in conJunctl.on
with a fuel loading and unloading operation. The complete oppration

s to be carried out in accordance with established countdownﬂproce-
%

B. TEST OBJECTIVES

These specific test objectives are based on basic system
test objectives contained in STL document GM- TR-0165—003233 re-
vised 30 October 1958 and apphcable to Test Plan I - 5 5% :

DY S

1. Primary Object.ivesf i 2 : S S LA

PLS-1 Demonstrate that fuel can be dehvered to
the proper level in'both mzssxle tankd, ‘and
that the PLS can:then’ si’multaneously load
liquid oxygen and helium in the required - = = .~
quantities within the countdown time s'equence ,

; ; - bor g I o o 1
PLS-2 Demonstrate that: (a) thci Pl..SF,)l can’ safely un- 4 f d o
' load the missile of all commodities,' {b) the mm- BT,
sile can be purged and blkhketed and (c) the

system can be returned to a "ready"” status.

C. SYSTEM SUMMARY

The operational funct1on of each maJor subsystem ha.g een
covered under the following individual captxons a . B i

Tests 2. 2 )
Tests 6.1 and 6. 2
Tests 1.2

* See ADL “'System Specifications", ADL Speoial Report No. 88. :

Arthur D.llnle.lnr.
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The combined test will be carried out as f‘ollowvs: e

(1) All resupply requxrementé will be completed,
and the liquid oxygen, hehum, and fuel sya- '
tems placed in a "ready" status -

(2) Fuel wxll be loaded aboard the mlssﬂe fuel
umbilicals will be dlsconnected and the PLS_'_
fuel system w111 be dramed

o (3) qutud oxygen and hehum will now- be loaded L ST
simultaneously within allotted countdown times.: (AN 3
" After a one-hour hold period, liquid; oxygen will
be unloaded and helium recovered. . Liquid oxy- Froey
gen missile tanks will be purged and blanketed -
in accordance with normal unload procedure.

(4) At the earliest ‘possible time, but no sooner than
" one hour* following the completion of the liquid

_ oxygen unload operation, helium and. hquid oxygen et
wil] be reloaded aboard the missile." At ‘the com-f» .;-:I Vi
pletion of liquid oxygen fine loading, cthe liquid: o

. ‘oxygen misslle tanks will be maintained full by
means of topping for the remainder of the appro=- . ,
priate countdown period. Liquid oxygen will then -
be unloaded and hellum recovered

(8). The tuel will finally be unloaded from the missile
: fonowtng the manual reconnect of fuel umbllicals.

(8) During thue operatlonl liquid oxygen and hellum
umbllical disconnect will be simulated by the ‘rut
Selector Panel. ' - :

D. TEST OPERATION ' ' |

The combined propellant loading system test will be carried

' 'out in accordance with detalled test operation requirements,covered in |

the liquid oxygen, helium, and fuel test requirements of this section.

- Specific tests’which make up the comblned PLS test are covered in

Table PLS: 1a.

] .

" The intent here is to reload when the liquid oxygen lines have returned
 to amblent temperature. If reload were to follow immediately after the
load, the lines would still be full of liquid, and reloading prgblems would
not be oncountored .

-3

*y
3]
4
:
3
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TABLE PLS. la

COMBINED PROPELLANT LOADING 'SYSTEM
TEST CONDITIONS

Corresponding Subsystem Test Run

Test No. Numbers
Liquid
Oxygen Fuel Helium
j PLS. 1 2.2.7 1.2.2 6.2.6

Only one test run is planned. It will involve the use of appro-
priate operational fluids with no substitutions. No planned interruptions
or delays will be imposed on the sequence. The minimum number of
variables will be imposed on the test, since this is essentially the final
proof test, of Group I, Test Plan 5.

Personnel will not be permitted access to the launcher com-
plex while liquid oxygen is bemg transferred through th PLS or stored
p— on board the missile.

Test control will be exercised from the Control Cenfer, e:h‘:ce‘pt‘

for fuel loading and unloading, which will be controlled by means of the .-
Fuel Control Panel, located in the equipment terminal.

E. TEST CONTROL

The liquid oxygen and helium system control will be carried out
from the PLS Test Control Panel. Fuel system control will be exercised
from the Fuel Contirol Panel, in the equipment terminal. The "Real .Time"
instrumentation used in test series 2.2, 6.2, and 1.2 will again be required.
All controls and instruments required for test operation and control have
been referenced m Table PLS. 1b.

Arthur D Xirle Inr.
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TABLE PLS., 1b

SUMMARY OF TEST CONTROL AND INSTRUMENTATION

REQUIREMENTS
Concurrent ' Test Controi
~ Test No. Test No. (Table reference)
PLS.1 | 2.2.7 ~ 2.2b
1.2.2 1.2b

6.2.6 6.1b

'F. TEST DATA AND INSTRUMENTATION REQUIREMENTS

In order to meet the test objectives defined above, specific
test data must be collected, analyzed and interpreted.

Table PLS. lc lists a summary of the data reéuﬁ‘ed for test
PLS. 1 together with references to test mstrumentation required to ob-
tain the data. W s

Essentially, only "Quick Look" instrumentation has been
specified for data analysis. Specific instrumentation details, such.as
type of transducer, range; location and desired accuracy have been
listed in Table IV-d of Section IV. Location of a specific test instru-
ment can also be found in Figures B-1, B~2, and B-3 of Appendix B.

TABLE PLS.1c’

SUMMARY OF DATA AND INSTRUMENTATION REQUIREMENTS |

Test . Data Requirements band‘
Test Objective Test Instrumentation

i ol e

PLS-1 See Data and Instrumentation 0
reqmrementatxon in:

PLS-2 Tables: 2. 2c for test

i 2‘ 2.‘7
1. 2c for test 1.2.2 4
6. 1c for test 6. 2.6 '
s e AR "h":ns'd:_: TR AR S e g 3
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G, EQUIPMENT REQUIREMENTS

The operat1on of the combmed PLS test w1ll reqmre the use of'
B% ) { = r

(1) The complete liquid oxygen system L

(2) The complete helium system ' . ;.

(3) The complete fuel system and gaseous m‘trogen services.
B d 4 w\
: Flow dlagrams of the involved areas are shown in Figures B-l
B-2, and B-3 of Appendix B. In addltxon the test equipment requirements '
have been listed m Tables 2 2d 6 ld o and 1.2d. e
H. SUPPORT REQUIREMENTS | 0 '
\ ¥ .
i & : I
‘ To carry out the cooldown tests the follo vmg support wﬂ.‘l be re- ;
quxred from sources other thah Arthur D thtle Inc. 5 _at the Va.ndenberg
e
¥
W
B
' § y-1 “l;~ s .:' “if$ ‘,. b e At
e 1 PR S between PT and MS '
(4) Thxrd level of the Equipment Terminal, and
(5) Command Control Center.
‘.-. ._.:‘3';, ik 53’ ittty , ’. -
Ltghtmg :
_ The followmg areas will require hghtmg
7 (1) Propellant Termmal (P‘l‘) - =
' (2) Missile Silo (MS) - ' -1 e
(3) Tunnel between PT and MS,. L g
e _ :.(4) Third level of the Equipment Terminal, and
; - (5) Comimand Control Center. e
i : Y -k . QLY f: : . A ﬂrthutn.little.lm.

L v . ————
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d. PLS Cleanliness

Prior to each test run,inspect the complete system to in-
sure that it is under proper blanketing and that the areas .
are void of unsafe materials and in a clear condition.
Specific cleaning requirements will be called for during or
at the completion of a maintenance and repair operation
rather than prior to a test. (See Section IX.)

e. First-Aid Ser‘vice.s

A first- axd station at the test site should be set up and
manned durmg pretest test and post-test operations

R TN

f. Communic ations

Commumcatxo'xs will be required between all areas for '
these tests. ‘ADL communication requlrements have been

covered in more detail in Section ’VIII. = w0 -

g. Visual and Audio Warning System

"

The following warnmg pemods are expected"" ""-"*i "'z.“"-'::i»: k

(1) Fuel Loading (4 hours): launcher complex restricted" '
to all but authorlzed personnel

(2) Loz and helium pretest checkout (4 hours) area :
“restricted, " 4

(3) LOg and helium loadmg, hold unloading (4 hou.rs)
) ;.~ omplex closed" toall personnel

(4) LO, and hehum reloadmg, hold and unloading (4 hour s)
launcher complex.’ closed "

(5) Post LOy checkout (2 hours): launcher complex 're-
stricted. ! :

(6) Fuel unloading (4 hours) launcher complex "resttic__te.d. W

Maximum warning syst

i - ah
R LA T s

42 act1v1ty ‘approximate_ly‘22 hourb.;,‘

{
) > e v
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h. Sole Facility Use -

ADL and other personnel directly involved in the com-
bined PLS test will require sole occupancy of the follow-
ing areas for a period of 24 hours. '

Propellant Termmal

Missile Silo,

Equipment Terminal (limited area) and,
Control Center (limited area).

2. Supply Requiremeﬁts

The following quantities of liquids and gases will be required
for the combined PLS test operation. These requirements have already
been mcluded under the individual test requirements (2.2.7, 6. 2. 6, and
1.2.2).- = : ;

{

,__ﬁ__! S-S

" Ref. test number e Delivery

Propellant .~ - specifying~ ; ~pressure
or gas Amount . Unit . this requirement Receptacle (psi)
LO, . 19,610 Gal 2,27 . - T-201 atm
LN, 540  Gal  2.2.7&6.2.6 T-401&402  atm
Fuel 12,000 Gal 1.2.2 T-101 - atm
GO, 23,000 SCF 2.2.7 T-301A,B,C 2400
GN, 9,600 SCF  2.2.7, 6.2.6  T-502, 3, 4 2400
. - & 122 - &5 -

He 11,000 SCF  6.2.6 T-601 A, B. 6000

3. Associated Contractor Supgoz‘t-

The following support is assumed to be available from asso-
ciate contractors at Vandenberg Air Force Base.

Qrthur n.m'uu.
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a. Test Instrumentation: calibration, pretest checkout,
test operations, post-test processing, and basic data
reduction: The Martin Company.

b. PLS maintenance,. facility cleaning, labor, shop
repair, field repair, and replacement of defective
equipment plus other labor and craft support, such
as electrical and pneumatic: The Martin Company.

c. Handling of umbilical disconnects and other missile |
silo equipment, such as silo closure doors: The Ameri-
can Maclhine and Foundry Company and The Martin Com-

pany g .' ; THE L

d. Quahty Control 11qu1d and gas analysis: VAFB on request.

!.' ) | o : oL $E N el e W W 2m

I. SAFETY REQUIREMENTS

1. Hazard Area |

VoL ;

The hazard area for these tests meludes the launch complex
beyond the Control Center and the surface area within 150 feet of the
missile silo opening. Use of these areas will be restmcted to test and
associated cont ractor personnel only.

2. Warnings - )
. Nontest personnel-shall be warned to leave the hazard area
before a test. Safety barriers shall be established at the entrance from
- the control center and around the missile silo opening. Audio warnings
are to signal the start and completxon of tests and significant conditions
during tests progress.

3. Safety‘Practices
Test and associated confractor: support personnel are to:

a.  Wear hard hats clean cotton clothmg, nonsparking

- shoes, neoprene gloves and safety glasses or eye:
shxelds.

O 3 ' . = . )
A /
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Wear face shields and asbestos gloves if working
involves contact with gas or liquid gas.

Inspect the hazard area to insure that it is clean
and clear of personnel, tools, materials and debris.

Unless otherwise directed, remain out of the pro- v ;
pellant terminal and missile silo during all tests
and out of the complex during liquid oxygen transfer,

Use only nonsparking tools and grounded portable
equipment, and introduce only clean tools and mate-
rials into the complex.

Test the atmosphere with oxygen and nitrogen
"sniffers' prior to entering a space after a test.

Observe the NO SMOKING precaution.

J. CRITERIA .

The

followmg will be con51dered the criterlia of success of:

the combined PLS test:

(1)-
()

(3)

i A

To load fuel aboard missile prior to test in the quantity -
required and to unload the fuel from the mxssxle a.fter
tests have been completed :

established countdown: condmons in'the quantity and at
the temperatures required. o

L ‘ g «

To load the missile with helium and liquid oxygen simul-
taneously, and to supply the missile with sufficient helium
at the required temperature and pressure. ’






