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PU RPOSE OF TES T PROO RAM 

The underlying objective of the test program is to prove the 
functional soundness of the system by actual operation. 

Instead of beginning with a test of the complete propellant 
loading system, we plan first to subject subsystems capable of inde
pendent operation to a series of tests designed to meet specific objec
tives. 

Specific objectives are designated as primary or secondary. 

7 

Primary objectives represent milestones in the test program that must 
be reached so that· the test program can proceed. Secondary objectives 
require the solution of special problems or contingencies and may be 
postponed or waived so that the tes_t program can be expedited. 

This section has been broken down into complete and self
sufficient test specifications which can be used independently of the rest 
of the report. Eacb test specification includes equipment and instrument 
listings as well as a summary of safety and_ support requi,rements, 

i .. --�- .. 
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S-1: SAFETY TES TS FUEL, NITROGEN, OXYGEN, AND 
HE LIUM SYSTEMS 

. '·· 

A. PURPOSE 

The purpose of this test is to determine the ability of the safety 
valves and vent systems, protecting a low-pressure system, to carry 
away safely the maximum volume of gas generated by the adjacent high
pressur e system in case of a malfunction. 

B. TEST O BJECTIVE 

1. Primary Objective 

a. To demonstrate the ability of the safety devi.c;es to protect 
the equipment from damage in case of ·a malfunction.:. 

. -... 
C. SYS TE M  SUM MARY 

The subsystems to be tested can be broken down as follows: 

. 1. Safety valve SV-511 and its gas relief piping protecting the 
1600-lb. nitrogen missile service. (See Figure SS. la)) 

2. Safety valve SV-535 and its gas relief piping protecting t.he 
750-lb. nitrogen missile service. (See Figure 55. 2a.) 

3. Safety valve SV -514 and its gas relief piping protecting the 
nitrogen purge and blanket system. (See Figure 55. 3a.) 

4. Safety valve SV-517 and its gas relief piping protecting the 
nitrogen section of the helium cooler. (See Figure SS. 4a.) 

5. Safety valves SV-531, SV-532 and their gas relief piping 
protecting the L02 line purge and blanket system.- (See · 

F1gure 55. 6a.) 

6. Safety valve SV-502 and its gas relief piping protecting the 
nitrogen section of the L02 subcooler. (See Figure S5. 7a.) 
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Safety valves SV-318; SV-319, and SV-306 and their gas relief : 
piping protecting the L02 storage tank. (See Figure S3. la.) - · 

8. Safety valve SV-605 and its gas relief piping protecting the 
helium transfer system. (See Figure S6. la.). 

The operation of the tests will be carried out manually from 
the PL and PS Checkout Panel as described under 11 Test Operation" below. 

The gas s torage bottles used in each system tes t will be filled 
to capacity in advance of each s afety test. The subsystem containing ·the 
safety valve to be tested will be isolated, and the gas pressure in the iso
lated section shall be raised slowly by remote manual manipulation of the 
flow control valve (or valves). After the saiety valve relieves, all flow 
control valves feeding gas to the is olated section will be opened wide. 
The pressure in the vent s ys tem piping will be monitored, and if the 
pressure does not level off but increases steadily, the valves will be 
closed. Table S. le lists the valves under tes t and instruments used. 
Table S. ld lists all tanks, lines and valves involved in each tesi . Fig
ures S5. la, S5. 2a, S5. 3a, S5. 4a, S5. 6a, S5. 7a, S3. la, and S6. la show 
the s ubsys tems to be used in this test series. An instrument s chematic 
for each test setup is shown in Figures S5. lb, SS. 2b, SS. 3b, S5.·4b, S5. 6b, 
S5. 7b, S3. lb, and S6. lb. 

D. TES T OPERATION. 

The safety tests will be controlled from the equipment termi
nal by opening and closing the necessary valves in the piping s ys tem. 
The pressurization medium in all cases will be dry nitrogen gas. 

Tes t parameters for each subsys tem are listed in Table S. la. 

Each test run will be s tarted with a full bottle of nitrogen sup
plying the vent sys tem an d safety valve to be tested. 

The performance of each tes t will duplicate the worst conditions 
brought about by the malfunction of a flow control valye. In order to simu
late the malfunction of a control valve, an alternate means of valve control 
will be provided, by-passing .the normal pressure controller. In this way, 
press ure in the low-pressure s ys tem will be allowed to build up slowly 
until the safety valve releases . The flow control valve will be opened 
slowly until the PL and PS Panel s ignals the valve to be wide open. During 
the opening of the flow control valve," pressure in the safety valve vent 
system will be monitored. The test will be considered concluded when 

'drthur ?ll.'littk.llnr. 

· ···-·· ·-·- ..... ¥ . ... .... - •• - ......... ,,.. _...,... 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



10 

Test 
No. 

SS. l 

SD.2 

� - ') :::, ;) . '"' 

s:,. -� 

SS.C 

S5. 7 

S3. 1 

S6. 1 

Safety 
Valve Line ----

SV-511 513 

SV-535 583 

SV-514 529 

SV-517 533 

SV-531 567 
SV- 532 572 . 

SV- 502 564 

SV-318- 303 
SV-319 303 
SV-306 303 

SV-605 611 

TABLE S. la 

TES T PA RAME TE RS I 

Safety Valve 
Subsvstem Setting psig 

1600 lb. Missile 1800 
Nitrogen Service 

750 lb. Missile 1000 
Nitrogen Service 

Missile Fuel Purge 16 

Helium Cooler 60 

L02 Line Purge 25 
and Blanket _25 

L02 Subcoole
.
r 60 

L02 Storage Tank 100 
L02 Storage Tank 100 
L02 Storage Tank 100 

Helium Transfer 3700 

Max. · Pressure 
to be Applied to 

Safety Valve psig 

2000 

1100 

30 

7 0  

30 
30 

70 

115 
115 
115 

4000 

1£ 
I 
I 
I. 
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the flo:w control valve has reached its wide-open position and all pres
sures have leveled off. The system will be returned to normal as soon 
as the pressure controller has been reconnected and checked out. Step
by-step procedures involved in the execution of the tests, including the 
status before and after test, will be covered separately. as follows:· 

Test Number 

SS.l 
SS.2 
SS.3 

SS. 4 · 

SS;6 

S5.7 
· S3. 1 

' S6.1 

Procedure Document No. 

. : 101 - 55. 1 
101 - ss.2· 
10.1 �-SS. 3 
101 - 55. 4 

. 101 - SS. 6 

1oi - ·ss. 1 
101 - sa.:1 
101 - '56. l 

E. TEST CONTROL 

Each saf�ty test will be controlled from the equipment terminal 
using controls listed in .Table S. lb. The PL and PS Checkout fari.el will 
be used to monitor the settings of the various valves' involved. A tempo-

. rary electropneumatic controller will be used to operate each flow control 
valve (FCV) manually, though remotely, from the equipment terminal, 
close to the PL and PS Panel. For tests' SS. 4 and SS. 7, a pressure r.egu
lative valve (PRV) is used in the system instead of a flow controi-valve 

· 

· 

(FCV). The PRV will have to be operated manually at the valve site. :Two 
pressure transducers, one measuring the pressure upstream of the safety 
valve and the other the pressure in the vent piping d ownstream of the safe�y 
valve,- will be required near the PL and P8 Panel. The two pressure in-· 
dicators will represent ,the only real tim� instrumentation used in the test. 
A record of the upstream and downstrea:n pressure will be made on the 
C. E. C. Oscillograpb. The specifications for the pressure transducers 
and indic-ators are covered in Section IV, Table IV-e. 

Test Numbers 

· All tests 

TABLES. lb 

CONTROL EQUIPMENT 

Test Control Unit 

1. Electropneumatic con
troller for Flow Control 
Valve Operation 

2. PL and PS Panei 

: �'· 

Test Control Instrumentation 

1. Indicating pressure 
gauges upstream and 
downstream of safety 
valve. See Instrument · 

Schematics 

1 \ 
·, 

-.--"-
. 
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F. TEST DATA AND TEST INSTRUMENTATION REQUIREMENTS 

Table S. le and the instrument schematics:..-Figures SS. lb, 
8S. 2b, 8S. 3b, 85. 4b, S5. 6b, 85. 7b, 83. lb, and 86. lb--present the data 
requirements for each test and the test instrumentation used to obtain 
the data. Sinc.e there is only one test objective for this test series, all 
data will be collected in support of this one objective. 

G� EQUIPMENT REQUIREMENTS 

The safety valves and associated vent subsystems to be tested 
have been. listed in paragraph C, "System Summary." The subsystems · . 

have been covered in Figures 85. la, SS. 2a, S5. 3a, 85. 4a, SS. 6a, SS. 7a, 
83. la, and 86. la. · - · 

All equipment requirements· for the safety tests have been 
listed in Table S. ld. 

· · 

. ··. · . 

.-. ·' :: :··> 
. 

· H. SUPPORT· REQUIREMENTS:_, 
. . , _- : .. ·' . 

.-� . 
,,. _  .. 

1. Facilities and Services '. 
' . . . . .  ,--· .. 

; . . . . 
. 

' :• .  

�,·:.-:--.:.. ... : -. : .�:: ..... __ -.-� . : : -· . � ---·· -
a. Power 

T ----·--
Power will be required. to-operate the following equipment: 

(1) Air condi tioniftg. 
(2) D�C power source for activation of PL and P8Panel. 
(3) ·Power source for flow control valve operation. 
(4) Bpttle charging

_ 
equipment. 

b. ·Air Conditioning and Ventiiation. 

. Air conditioning' and ventilation willbe required in the follow-
ing areas: · 

I 

(1) ·Propellant terminal, all levela. 
(2) Equipment terminal, third level • 

··.'· .. 

.:tWl&?R4S ill. ZUSCL4$' ce:u .#AWWWCPQQ $. Ji au P4C.4 

.. 
----- ---------·-----·- ---

·c 
[ 
[ 
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[I 
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[I 
[I 
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TUT DATA AID' llSTIUMUTATIOI REOUIHMUTS 

' 
ueatr• .. Sid• Downetr .. • Sid• ta• totu .. 

C,£,C. - I C. £.C. SY tott1• lott1• 

Teet PrHHN Pre11ure Recorder PrHHN , Pre11•re Recorder Safet1 h11ef Control tott1e ... Ga• 
10. Tap Tran1ducer ·Indicator lo. Tap Transducer Indicator lb. .. , .. Pr Heu re Ya1ve lo. 1..,. rr .... ,.. 

-- . • · ···-� -

1 1.1 PR90I :m1"' . "°°' nsoe IPTIP PROM "* '""' IYSU 1100 ,.1, FCYS07 T-SOJ ""°' Pl90I 
Tran1ducer 
Adequat.• 

'i 
I 

i 1·2 nsu PR5l' PIOOI PROOI SPT5'8 "'* "* PRC)M sva,a .1000 ,,,, FCYS08 T-SM "506 . PRIU 
Inadequate FCY5U 
UH PROO& 
Tran1ducer 

11.J PR9M PR50t PIOOl 
£xi1tln9 

,� srnu PRoo2 PI002 PR002 SY&P 16 , ••• FCY506 T-502 TRSOI PRSOI 1 i' 

Traneducer 
Adequate ' i 

.... ll'TS'l PROO) ti°°' 
PROO) SPT&'O PROOl PIOOl PROOl SY517 60 p1l1 PRY501 . T-502 TR&OI PRSOI 

I 
I 

.... .nsu PR au �loO' PRSli srn,. PR002 PI002 PR002 SY5,l 25 P•lt FCY510 T-505 TRSC>j PRslO 
IPTNj � 1' ""' PROOi SPT,10 PRool PIOOl .. PROO� sv5,2 FCY5U 

, , l I· ! 
I ! 

18.7 . ll'TS29 PROO) "°°' 
·, PROO) . IPTl21 PROol PIOOl PROO� SY502 60 P•I• PRY502 T-505 ' TRSOJ "'510 

lt) IJ.1 ..,II � "* "°°' ·'"'°' ""°' "°°' 
· PROO) sv,18 100 palg FCY,01 · T-,OlA DJSJ PIJOl 

� ., SY,19 FCY,07 T-JOll 

!; I 
. SY)06 T-)OlC ""'°' 

;I, ! ,,J. 

r ''·' ... PR605 P.f··· ·i PR60I 9"602 PROM f'IOO.. f'Roolt IY60I '700 P•I• FCY601 T-601A · TRtOl PR601 
£xl1tlnt 

' FCY602 T-6011 nta02 ..... 
Tran1d11cer !i ·Adequate '* 

� ... c.o· 
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TABLES. ld 
d 

EQliIPMENT REQUIREMENTS 

Test No. Tanks Lines Valves Misc.· 

.,. S5. 1 T-503 509 CV-508 S-505 
511 CV - 519 
5!2 sv- 505 
- - � :> l. ... sv- 511 

548 FCV-507 

S5.2 T-504 512 C V - 537 S-512 
I: 548 CV-538 � 51 580 CV-540 " 

581 sv- 533 

583 sv- 535 

584 PRV-503 

FCV-508 
FCV-513 

S.5.3 T-502 505 CV-507 S-503 

512 CV-510 
522 CV-513 
529 CV-521 

.... 

531 CV-523 J 
532 CV-524 ... 
548 CV-527 ' t 

sv- 506 .j 
SV- 514 ••:f 

CHV-505 · 
'; 

CHV-506 
J 

FCV-506 ,.. 
FCV-514 t 
FCV-515 

..,., 

,.,.. 
S5.4 T-402 505 CV-503 S-507 t 

T-502 512 CV-504 
-

524 CV-507 f 533 CV-510 
539 CV-513 £. 

548 CV-521 �: 
sv- 506 

i:;· 
� 

SV -517 
PRV-501 � � 

r E< 
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t. TABLE S, ld (Continued) 

f"' 
. ( 

i. Test No. Tanks Lines Valves . Misc . 

' . -
T-505 319 CV-528 S-509 SS. 6 

( ·: ; 326 CV-530 .S-510 
566 CV-53 1 

r ' 
567 CV-536 
572 CV-539 
573 sv -:"530 r··-. 
574 sv .,53 1 I . 
576 SV .,532 · 

CHV-513 
1 . SOV-565 
< .  FCV-5 10 
- FCV-51 1 -

--· 

:.. ... 

55.7 T-401 312 cv:..50 1 , ., T-505 326 CV-502 t 

L 541 CV-530 
564 CV-53 1 
566 CV-536 

;_ CV-539 
SV -502 

r sv -530 I -i PRV-502 "-

r. l:; 53. 1 T-201 30 1 cv...,30 1 C-301.  
I·. T-301A -302 CV-302 5"'."30· 1 ·'"-

T-301B 303 CV-31 1 S-303 ,-- T-301C 308 cv..:3 12 I 
! � . 

309 CV-3 13 r .. ·; 

319 CV-3 14 
320 ·cv-3 1s 

L 341 CV-350 
SV-301 

·' - , ·  

SV -303 
SV-306 
SV -3 1 8  

•""" sv -3 19 
t.; FCV-21 8  

FCV-30 1. 
f'1 FCV-302 l , tJ F.CV-307 

j ti 
f"' -· .  � r 

-- _ t_.. 
'dtthut' 1Jl.1.ittlt.lJnc . 

. - -
_... �· . .. . . .. ··- � . ......... �-- �--�- ---
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Test N6. 

S 6 . l 

TABLE S. Id (Continued) 

Tar.ks Lines 

T-601A 512 
T-60 lB 548 

601 
602 
603 
604 
605 
609 
610 
611 

Valves 

CV-601 
CV-602 
CV-603 
CV-607 
CV-608 
CV-610 
CV-611 

· SV-601. 
SV-603 
SV-605 

FCV-601 
FCV-602 
FCV-603 
FCV-604 

Misc. 
--

C-601 
S-601 
S - 602 
S-603 

OF-601 
OF-602 -. 

·1, 
.1 

. l( 
1: 
l 
f, 
I 
I 
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c. · Lighting 

Lighting will be required in the following areas: 

(1) Propellant terminal, all levels. 
(2) Equipment terminal, third level. 

d. PLS Cleanliness 

' I  17 

Prior to each test run, the subsystem covered under "System · · 

Summary" will be inspected to check that it is under proper blanketing 
and that areas are void of unsafe materials. 

· 

Specific cleaning requirements will be called for during or at 
the completion of a maintenance or repair operation rather than prior to 
a test run. (See Section IX.) 

e. First-Aid Service 

A first-aid station at the test site should be set up and manned 
during pretest, test, and post-test operations. 

f. Communications 

Three- and four-party conference systellis will be set up between 
the P L  and PS panel and the area in which the test is to take place . .  

AD L communication requirements have been covered in more 
detail in Section VIII . The communications system has been divided into 
19 areas. 

Each safety test will be monitored from the equipment terminal 
near the P L  and P S  Panel°. During the preparation for each test, commu
nication will be needed between the equipment terminal control area 
(Area 13) and the areas in the vicinfty of the control valves and safety 
valves, which include areas 1, 3, 4, and 5. Table S. le shows the specific 
area locations of the valves and pressure taps for. the safety tests. 

.drthul' 7Jl.11.ittlr.1Jnr. 

':; 
; 
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Tes: No. 

55. 1 

.s�. 2 

S5.3 

S5.4 ,. 
t.-

" SS. 6 
� 
� 
I ' 
_, 

� -� 

SS. 7 

.:;6. l 

TABLES. le 

LOCATIONS OF VALVES AND PRESSURE TAPS 

Item 

FCV-507 
SV-511 
Upstream tap PR-508 
Downstream tap SPT-514 
FCV-508 
FCV-513 
S.V-535 
Upstream tap PR-513 
Downstream tap SPT-538 
FCV-506 
SV-514 
Upstream tap PR-504 
Downstream tap SPT-511 
PRV-501 
SV-517 
Upstream tap SPT-531 
Downstream tap SPT-530 
FCV-510 
FCV-511 
SV-532 
SV-531 
Upstream tap SPT-523 
Upstream tap P�-511 
Downstream tap SPT-534 
Downstream tap SPT-310 
PRV-502 
SV-502 
Upstream tap ·SPT-529 
Downstream tap SPT-:521 
FCV-301 
FCV-307 
SV-318 
SV-319 
SV-306 
Upstream tap SPT-318 
Downstream tap SPT-303 
FCV-601 
FCV-602 
SV-605 
Upstream tap PR-605 
Downstream tap SPT-602 

Communication Area 
Area 4 

. " 

" 

II 

Area 4 
11 

" 

II 

II 

Area 4 
II 

II 

II 

Area 4 
II 

" 
" 

Area 3 
II 

.tf 

. Area 1 
Area 3 
Area 1 
Area 1 
Area 3 
Area 3 " 
Area 5 
Area 1 
Area 3 

II 

Area 1 " 
II 

Area 1 (part of T-201) 
Area 1 
Area 4 

II 

II 

II 

- · 

f . 1 

. ) 

. ,I j ,.l 

-, .i 
J 
·1 

\ � 

?} 
! 

.J 

..... 
. � ..} 

, l J .... 
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g. Visual and Audio Warning System 

19 

A visual warning system should be in effect to protect personnel 
approaching the hazard area. 

An audio warning system should be in effect to warn personnel' 
to keep away from the hazard area, signal the start of tests, signal sig
nificant test conditions' and sound "all clear." 

·h� Sole Facility Use 

Arthur D. Little, Inc. , will require sole occupanG!y of the pro- . 

pellant terminal while the system is subjected to test pressure. The 
duration of this portion of each run will not be more than one ho\ir. 

2. Supply Requirements 

The following quantities of dry nitrogen will be required for 
the conduct of each test run. 

Test 

85. 1 
S5 .. 2 
S5.3 
85.4 
S5.6 
S5.7 
S3. 1 

S6. 1 

Bottle 
Number 

T-503 
T-504 
T-502 
T-502 
T-505 
T-505 
T-301A 
T-301B 
T-301C 
T-601A 
T-601B 

N2 Gas 
Initial Fill 

·45, ooo .. 

35,000 
35,000 
3 5,000 

. 42, 400 
42,400 

204,000 

87,600 

3. Associated Contractor Support 

· · (SCF) 
Usage · 

3�· 100 
1�500 
1,000 
. 870 

2,440 
1,524 

19,200 

2,733 

The Arthur D. Little, Inc., associated contractor support 
requirement for this test series will be for test instrumentation cover
·age. 

- .... _ - ···- .. - _ .... -... - ---· ·- �.- - --·- -· ..... . - - -- . ..  --._,. ••• _.., _.....,_ ___ .. _..� . ···•"":!· .. ,. -�- ·-
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I.  SAFETY REQUIREMENTS 

.1 . Hazard Area . 

. : . . 

The hazard area for these tests (shown in Figure IX-a) in�ludes 
the propellant terminal, the vent and fill shafts, a continuous 10-foot area 
around the shaft openings, and portions of the tunnels. These areas are 
restricted to use by test and associated contractor personnel only. 

2. Warnings 

Nontest personnel shall be warned to leave the hazard area be-
fore a test. Safety barriers shall be established at tunnel junction #2, at 
the interconnection tunnel, and around the shaft openings. Audio warnings 
shall signal the start and completion of tests and pressurization of the system. 

3. Safety Practices 

Test personnel are to observe the following precautions:· 

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

b. Inspect the propellant terminal to make sure it is clean 
and clear of personnel, tools, material, and debris. 

c. .Before each test, hand operatE or semi-automatically 
exercise all valves that will be involved in the test. 

d. Remain out of the propellant terminal during line and 
valve pressurization except during tests 55. 4 and 55. 7. 
During these tests, pressure regulative PRV-501 and 
PRV- 502 must be manually operated. · 

e. Test the atmosphere with a nitrogen "sniffer" prior to 
entering the propellant terminal at the conclusion of 
each test. 

f. Observe the NO SMOKING precaution. 

J .  CRITERIA 

The ability of the safety valve and vent system involved in each 
test to relieve the excessive pressure will be considered the criterion of 
success. 

------------ . --- . . . , 

1 ; . .. 

l 
J; 

1 
.... 

j 

J 
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SAFETY TEST 

. Figure SS.la 
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Figure S5.3a 

. 
(SK-5-29-59-LM-I) 

SAFETY TEST S 5.3 l.IHF PlllrnF� 

··-· .,. . .... 
' 

. 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



. ;I 

�--

·- ........ !'".:-- -

. . �. ::, . ��fr: �:-! . • ,,,;. , .. ·- - - --·--�---\�
::;r. . 

'. - . : ·� 

·:.·,_;.-.. 

.-.�,:�!I'-*� �- -... 
. :--:- :�\: . 7. � .. -�---���-��-� :� -._ ·. _-:: -

,, .. 
'· ; :-:-.:.:.-;:2_ � :..·· .. • -· . 

··�-�--. -: ... -
_, 

-· '-).� - . 
��--··t·�·--� 

· . ·  __ figure _s5�1.la · 

(SK�s-29�5Q�i.�3) 
_,.HELI UM COOLER SAFETY TEST 

c· ;l- .. - ., .. ··-;,.._.,..; , .. � .. ..,, ;,._.....; 

-.. :-

-- __ ... __._ .c.,i._�..,·�·· 
. -. . _..;,;; _ _,_a..._ ..... 

. ., -�-�,..) 

, -��: ���- ·- -��\tl 
'�::'� :-:k-� 

-· -=--- i:� .. -� . . ���:: �.;:;.. <::�-c_� ��- ::· .... " . --�-�::������=��·tt�-�� ::·:��F : ·:..�-==: .. ::. :.. -� -:· ·-i=:== 
. -;.·;�:.�·-".· ... �:��2 

- �-:----7 

·-·····- .... - · 

··-� -:��-� .� :��-�- .... :_; __ ���,;:-��-
, :���:-1��' � · is�.��-;�:·fli� 

. 
;_._·: -mu'· ·: a 

-- -�--
· ..... --�.:.� 

-t"·. 

!" .. 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



Figure SS.Ga-

-
(SK-5-29-59- LM-2 ) 

L I HE  P U RGE AHO B LAHK ETIHG 

" . --

. 
l .. .. 
' , i .  ; 

. J • 

� . 
i 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



' ' 
� 

I I I: 
I. 

f j 
' I  
. I' 

•· ' 
'-

1.' 
i 

r ·�- > 
'-'"'-' ( : . ; . ' 

__ ,t>-J ·�·.,-� 

·;·-·· 
..... 

! . . : ·�;:". :.', . · . . F i,gure SS. 7a 
(SK-?-29-59-LM-2) 

L02 SUBCOOLER SAFETY TEST 
' . ... , .... _ ... 

} . •·'·'!, ..,_;.b;..,.J ·. ' 

:U!'"�'!O.!' 
I �-.� ':!.,.-: •• ,� .. -· 
'r:P.::.:: ... -r• 

..... k .... ·J't•• ... ·• 
..................... .__ 
............. --........,,.. 

l" 
Cl 

� ..... J 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



�
 

.............
..... -

..
. 

.._.
 

I ... . t .. 

\.. .. 

; t .. ·
-

I i L
. 

! t. •. 

c " . .... L
 

I. 
'· 

( . ; L i 

l 
,.· 

L� 

........ 
__.

.,,.
 ...... ·-

·-
"

-.... _,..,_
. 

-. �
·' i,_

..
.._ ... _._,

 ........ � --
---

_
,,;_, 

........... '., i,I !i a. 
• 

; .. ,, I :1 I 
. U• 
�difltr

 
. . . 

lWJMFW
 

; ' -.: 
' 

1 
' 

. 
: 

27 

. 'h 
"" 1.\ttlt,llttr. 

dTt UT JJJ. 
· 'I 

.... •· ... � 
.• .,.4... ,., 

�
 

'i 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



i,... .......... -... . 
r . . ,,I 
1..-... 

Figure S6.la 

(SK-5-29-59-LM-3) 

ETY TEST RAHSFER S�_F . .  · HELIU� -:r : 

WWW We 

. ' .....-........ ' 
................... 

. , ·, 

L •-i 
\-..,; 

' . �--� 

"t>:) . ()0 

' - .. 

' 
. . 

· r. 
i , 
l 
! 
! . 
! 

! I ' 
\ 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



... . 

r -

I .  
'� :. 

r . 
: 

( .. \ . 
l : ... 

. .. -.... ._ . . _ .. ,.,. ·�.:.. ...... _,_, ... _.,., ...... . � � ·-·-·--··- -

. 29 
;·1 

TO He·N� VEf\fr'LINf ' . . ,i. 
. ! 

�,soott 
REL1£F 

· ' 

·. · . ··. 
'/' • '  

. 1.: 

,. 

I i ,  

i 
TO, 
I G.OO#: 
M I SSILE seRVfCE 

. •'ti . ' . 

--·.1. 

• ' · ;  

� . . 

. .  ·' ' •  .... . 

. .  
. ., 

!· 

Figure SS.lb 

; 
. -l 

.._. , 

c.s:.c:. qsclLLO .. RAPH 

PR oo+ 

". I • 
. . ... 

PRESSURE 
�- lNDlCATO�S 

' ; 

PI 004 DOWNSTRE-AM (RANGE 0/?>00 PSI&) 

PI OOCO 
UPSTREAM . 

(RANGE S00/4000PSJ(, 

'·, :· 

. . . '· '.',: .. 
I 

I N STRUM E N T  SC HEMAT I C  FOR  TEST SS. I 
, 16006 M I S S I LE G N 2 SERV ICE 

. . . 
· . •' 

., . 
. - - -

�lrthur t'll.'1.ittldJnr. 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



I 

t 

1 (. 
! 

? 
) 
? 
( 
f I 
l 
f 
, 

I 
l 
i 

30 

'I 
. >;..; 
� 11 -r .. :: .. _:, • . . •  ; • ..• .'. • · • • 

.c.e.c. 
OSCILLO�RAPH 

____ 7F·-----;iL--·---r---#--�. PR. 004 

TO T50'" SE-R\llCE PR oos 

. · .. · 

PRE:SSURE
INDICATORS 

�·- ------.. ., �:< . 

' . 

FROM i'"So4 
75074 �Na 5ERVICE S 

; .. 
' .- - . � "or •. I 

Fi;ure·SS.2b 

. .. 

. .. ,, 
.·. ! 

,·. ' 

.� 
. . . ' 

INSTRUMENT SCHEMAT I C  FOR  T E ST ss�2 
7501 M I S Sl.LE G�� SERVICE 

' .. ,. • ·� I • . 

� • •. . : .. 1· 

. .  

· .  :· 

l 
} 

. •''1 

_J 
. ··1 -

] 
1 
�J 

] 

�1 .J 

. . "1 J 

... r-

j 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



. •  . 
.. · ,., . .  ,. .. ..:. ... . · .... _ ., ... .. . , __ , 

.
..... 

I 
1 · o He·Ne VENT LtNe. 

. 31 

I .... 

t. 
' . 
i ' . 
I ' 
! 
� r .• 

I ' . 
t 
; , 
I . 
\ 

( ' ' .  ' I 
! l. 

·r 
! . 
,_ 

, .. 

( 
·� 

c. e. c. . 
•· '.' -·-· .. -- :- . . OSCJLLO�""PH. 

�-----,pi:....--�t--------'?l�------. PR 00� 
TO . 
MISSILE 
FUEL PURQ� . 

-----.jr.c....-----1� PR. '04 

'FROM TS02 
PUR.GE � SL.ANtc&T 

NITROGEN 

_ Flgure-SS!S�: 
. ·  

IMSTRUMENT SCHEMATIC FOR · TEST ss.a 
MISSILE FUEL PURGE BY B"2 

. -
- -· - ) 

--- ---·------ --

:J� 

· ..PR'l!SSURE 
INDICATORS 

q.::J 
Pl 002 

·ooWNSTR!AM CRAWGil 0/50 Pll") 
-·· . 

<::R. 
PI 001 

UPST�EAM 
(RA�E 0/50 PSJCfr) 

�·-- -·---
.

-.-. .. .,..._ _ _ _______ _ _ _ __ _ _____ _ _ _ _ _ _ _ . -· �·- ' : · ·· -· -- �-- � 

. i 

r 
r 
� 

? 
!· l ii f 
i 
j 
! 

. l 

" 

" ' 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



,. .. --- ---- . - . .  ·-- ----.- -� ... - .. ---- . - . --�·' - . : 
32 .. ;- . . 

, To He·N2 VENT ·a.. 1 N e 

. . "'} . 
. -� 

FROM T-Soz PURGE I BLAN l<.ET 
NITROGEN· 

-: .. ; .. 
FIOure S5.�b 

J 
- c:. e. c. .1 OSCJLLO�RAPH �-- • 

PR 001 
PR 003 

PRESSURE 
INDICATORS 

PI 0 0 1 · DOWNSTREAM· ·· (RANGE O/SO PS f�). 

PI 00?. . 

J . j 

·J 
J 

(RA��iTo71�:�1(i) ] 
j ', 
] 

·J 
J 
] 

I NSTR UMENT SC HEMAT I C  FO R TEST SS., 
He COOLE R  SAFETY TEST . 

J 
] 
J 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



. . , I . ,-- ·"··-� - ·- �. . ··c· .�;'.::�·�'"> L�. - ;'.��- ; 4-r:--· , , - 1 �·� � - .. �- �: : ;··':� � ·'� · · ·'··- , 
· TO N�·02 VE NT Ll �E,< . : .' : 

. . 
· : : : 

. 
. . • : . : . 

" ' i 33 

-) 
. . .. 

f ... 

,., 
u 
r 
t 

1 
I 
I 
l 

I 

. . ' · ' ' 

TO 
LO� 

, L I NES 

! • i '  

CHV 5 1�  

. ! 

F R OM T 50 5  
SL. A N  K ET N I TROw �N � 

M t SS I L E  LO z TAN K  
PU R G E  e B L. A N K ET 

Fi gure S5. 6b 

c . .  c .  
OSC I L L O G R A P H  
PR 0 0 2  

�-- PR S I  I 
-- PR 0 0 4  

P R  0 0  I 

P R E S S U R E  
· : I N D ICATO RS 

! . 

PI 0 0 1 
DOWN STR EAM 

(RAN&E 0/50 PSIG) 

pr 0 0 2  
DOWNSTREAM 

(RANGE 0/50 PS IG) 

. PI 0 0 3  
U P STR E A M  

(RANGe 0/100 PSIG) 

-------· . q-:J 
P I  0 0 4 

UP ST R F: A M  . 

(RANGE: O/�oo·PS IG) 

I H STRUM E H T  S C H �MAT I C  FOR TEST S� . 6  
i L 0 2 l I M E S . P U R GE & B LAN KET 

' ' '�hthut' Zll .1Uttldhtc-. 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



> 

; i 
i 

! 

I . 

3 4  

' '  . 

�· 
r .  

. " 
.. , - -··· - - .. . . -. .. ······ . � ... . -·.· - .. -: . 

.--..-1 P R  0 0 3  

PR E S.S U R I!  . 

l tJ O I C ATOR S  

. P I  0 0 1  .. 
DOWN STR EAM 
(RANGE 0/50 PSJG) 

' 

MANUA LLY OPE RATEI> 
DURJ�� TEST S S.T 

Pr oo a 
UPSTR EAM 

(RANGE 0/100 PS IG 

FR O M  T S O S  
B L AN K E T  N I T ROGfE N  t M I S S I L E  LOi TA N K  
P U R � e  � B L. A N K e T . 

Fi gure S5.7b 

I N ST R U M E N T  SC H E MAT I C  fOR  TEST SS . 7  
L0 2 S U BC O O LER SAFETY TEST 

,· ' J I 
. . . 

J 
J 
] 
'] 

- - ,. 1 \ 

.�-""\ . ! . 
:__1 

-

. . 

,

-

�J
: 

, . . 

'J 
] 
,\ ' ·  

. ..., 
'J 

] 
1 
·1 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



! . 
. ... ......... ....i-.<��-:.�J-'±Li�o1>- · -;.t ... ::..._...;__..--............. ...:-.-... · .. ·--· .:.· ·- ..... -� .. - -�--- .......... .:..-.:_._ ... .... . _ ... ..__ ._ ....... ___ ...... ,., -�'-· .. . ·-·-- · ... -· .. . . · ...:. .• • ._ ....... ,,,__... __ · ... ..... -. ... . . .. ..... _ . _  . .•• __ :... . ..-.. . . 

· .
· � . 

r. h _ TO Oz - Ne! YE NT UNE 35 . 

r 
i. •, 

,- -

I .  

c: ' 
l . 

.. -l 

L 

r .. 

I 
I 
' 
l 

I 

TO L02 
STOAA�E TANI< 
T ec:)t 

FROM T '3 0 l A .e. c . •  - .:. 
�� STORAGE. TAij�S 

.· .. . . 

C. E . C . 
OSC I LLOGRAPH 

"----""'C---..JC-;_. PR O O 3 

PRE S S U Rf: 
I N D I CATOR S 

PI 0 0 ,  
OOWNSTREAtt1 . . 

(RANGE 0/150 pSI�) 

�___.__1 q I 
PI 0 0 4  

UPSTREA M 
(RANG� <J/300PSIG) 

Fi gure SS. l b  

I N S T R U M E NT S C H EMAT I C  FOR TEST S S . I 
. �  L02  STOR A G E  TA N K  SAFETY TEST 

. ....... , •\ 
... 

:<li-thul' 1Jl.'f.ittlt'.llnr • . 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



,; 
, 

i 
I I 

I I 
I I 
I 
• 

C ,  E. C. · 
OSCILLOGRAPH 

L--�-------�--........ PR · o o4 . _  
--#----__...,. PR G 0 S 

FROM FROM 
TCOOI  A .Tt;O I B . 

TO tfl!L I UM 
COOL!R 
T .. OZ 

PR E: S SU R.E 
I ND I C ATO R S  

· .<qt 
PI 004 

DOWNSTREAM . . {RANGE o/300 pSI�) 

cp 
Pl o o c. . 

. U PSTRE-A M  . 
�N6f J0oftoooPS1Gt) 

M E LH J M  STORAGE TANKS- . 

. . .. - -- -· - ---- --··--- -- - · - - - -

Fi gure S6. l b . 
I NSTRUMENT SCHEMAT I C  FOR TES T S S . I 

He TRANS FER SAFETY TEST 

t. 

L 

r ' 
: 
i 

. ·  r \: 

f' 
i [ \ 

r 
I 
I. 

. . l 
' l 

r .... 
,... 
1 

'• 

.. l 
'l 
... 

WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 
 
 
 
 
 
 
WWW.CHROMEHOOVES.NET 
 



l :;. ,:;, . 

L 

� . 
li --

n 
- D  

I -

", . ' :  . . • . 
... ..... �- -·-- ... . . : __ i_. ___ ._.;_ ,.t.:.... .. '--�-..... - ·�-............ _. . .-.....,_ ..... , _· .:..-.. ,;....: ___ �: ·-

•-, ( .  

37 

SC . 1 :  STORAGE CAPABILITY TEST FOR LIQUID -OXYGEN STORAGE 
TANK, HELIUM COOLER, AND LIQUID OXYGEN SUBCOOLER 

A. PURPOSE 

The purpose of thi s  test is to test the boil-off characteristics 
of the liquid oxygen storage tank T - 2 0 1 , the helium cooler T - 402 and 
the liquid oxygen subcooler T - 401 

B .  TEST OBJECTIVE . .  

1 .  Primary Objective 

a. Demon strate the capability of the liquid oxygen storage 
tank, helium cooler, and l iquid oxygen subcooler to maintain a suffic ient 
storage of liquid oxygen and liquid nitrogen during a 10-day "ready" 
status to load, hold, unload, and reload the missile� 

. ·. : 

C. SYSTE M SUMMARY ' 

The systems to be tested can be broken down into the following 
subsystems:- _ _ ._ · --" _ � _ . � · -_7,.0 • •  

( 1 )  Liquid oxygen storage t ank, including fill and vent lines, 
all exterior tank connect ions, and the t ank earth -backfill� 

(2)  

( 3) 

Helium cooler� including fill and vent lines and all exter -
nal connections to the t ank. 

-

Liquid oxygen subcooler, including fill and vent lines and 
all exter nal connect ions to the tank. 

The tests will be conducted over 7 2 -hour periods . E ach period 
should start just after r efill of each storage tank. All of the vent gas e scap
ing from the storage t ank under test will be pas sed through a fiow meter for 
the ent ire 7 2 -hour pe riod. This information will be u sed to determ1ne the 
evaporation los s rate for a 24-hour period at standard conditions. 
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D .  TEST OPERATION ' , . .  

The se tests will be c arried out. from the propellant loading . .  ter
m inal dur ing a period whe n the equ ipment is not being u sed for mor e ac 
t i v e  te s t s .  Table SC . la list s  specific test suns. 

TABLE SC. la 

TEST RUNS _,· , 
; 

' �···.· 

Te st No. Tank to be Tested 

SC . 1 .  1 L02 Storage Tank 

SC . 1 .  2 . L02 Subcooler 

SC . 1 . .3 Helium Cooler 

Comment s 

Test s  .to run in c onjunc 
tion with contractor ac -,. 
c eptanc'e t ests if p0s sible 

St ep-by - step procedures involved iri the execution of the tests , including 
status before and after test ,  will be c overed s eparat ely in Procedural 
Docume nts 1 0 1 - SC . 1 .  1 ,  1 0 1 -SC. ·L 2� a11d 101 -SC �· L·3� · · · . . . 

The test v.·ill be pe rformed just after the storage tanks have been 
filled to capac ity. All the vent gases emanating from the · storage tank shall - � · · -- � ' 
be passed through a flow meter for a 7 2-hour per iod . During this per iod, the L 
storage tank and it s a ssociated piping shall not be interfered wit h  in any way. · · 

Along with the measurement of the boil - off gas, a continuous record 
of the boil - off gas t emperature will be taken.  This measurement will be used 
to reduc e the boil- off data to standard c ond itions.  An average evaporation loss 
rat e over a 24-hour period will be used in the 1 0 -day suffic iency calculat ions . 

E .  TEST CONTROL 

The t e st cont rol will cons ist of a rig id monitoring of the data-taking 
instrument s over the entire 7 2 -hour per iod . A rigid periodic in spection of . 
the equipment under t e st will also be performed t o  insure that the test has not 
be en influenc ed by change s in the physical l ayout of the tests.  Since the re i s  
no c ontrol equipment as such, Table SC . 2b (list ing controls and c ontrol in
strumentat ion) has been omitted. 
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F. TEST DATA AND TEST INSTRU MENTATI ON REQUIREMENTS 

Table SC . l e  list s  the data requir ement s for ·test series SC. 1;  
together with test instrumentat ion used to obta�_z:i_t�e -��t�. · 

TABLE SC. le 

TEST DATA AND INSTRU MEN TATI ON REQUIREMENTS 

Test Objective Test Data Require ment s  Test Instrumentat ion 

la 

Total quantity of gas vented (FR-301) 
from sforage tank 

Temperature . of vent gas at . TR-307 
meter 

Inner tank wall temperature 
(T-201) 

Outer tank wall temperature . 

.TR-20 1  

TC-206 

G. E QUIPMENT REQUIREMENTS _ · . . . ·· .· . . .. 

systems: 

. -: ··'t. . (. �· 
... .... · . 

The storage tanks to be tested are covered by the following sub-

( 1)  Liquid oxygen storage tank (T- 2 0 1 ) , including vent system 
and all associated piping and supports connected to ·storage 
tank . . 

( 2 )  Liquid oxygen subcooler t ank ( T - 4 0 1 ) ,  including vent system 
and all associated piping and supports connected to storage 
tank. 

. 

. (3 ) Hel ium coole r tank ( T - 402 ) ,  in�luding vent system �d all 
as sociated piping and supports connected to storage tank. 

' - -·------

. \, ; 
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1 
l 

. .�· ·. 

I 

40 

" · '  
' : - .  

. Figures SC . 1 .  1 ,  SC . L 2 ,  and SC . 1 .  3 show the PLS ·aub-·,;,L. -./: . · - :  " . .. 

· system involved in each tei;;t run. · -' r · 

' ' '  
Table SC . ld lists the equipment to be used in the test series • . 

Test No. 

SC . 1 .  1 

SC. l.-2 

SC . 1 .  3 

TABLE SC . ld 

EQUI PMENT REQUIRE ME NTS 

Tanks 

T - 2 0 1  

T - 40 1 · 

T - 402 

Lines 

L-202 
L - 2 0 1  

L- 3 1 1  

L- 303 

L-320 

L - 3.41  

-L - 3 2 1  

L-309 

L- 308 

L - 7 0 1  

L-703 

L-·401 

L-564 

L-326 

L - 3 1 9  

L-551 
L-702 

L-705 

L-2 08 

- L-209 

L-401 

L- 402 

L- 539 , .  

L-533 
L- 548 

L- 536 . 

L - 53 5  
L-704 
L-706 

L-604 

L-605 

Valves 

FCV- 2 1 8  
CV-201 
SV- 308 

CV•206 
FCV-302 
SV- 3i8 
SV- 306 
SV-305 
CV-'101 
FCV- 501 
cv..;1 50 . · 

Misc. 

C-201 
F-201 . 
P".'70 1 

CV-40 1  . . · .C •301 --- · 

CV-402 . P-702 . · 

CV- 501
° 

• ·  

CV- 502 
SV- 502 
SV- 503 
CV-:702 
FCV,-702 
CV-205 
FCV-20 1  
FCV-202 
cv-207 

CV-401 
CV-404 

CV-504 
CV- 503 
SV- 517 · 
CV-703 
SV- 519 
FCV-703 -
FCV-603 

C - 30� 
P-703 _· 

r 
l t 
("" I L 

r 
j .  d 

n 
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. J  
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