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' .. 
A.· PURPOSE; · . - , .. -.:,;-. " . 

The purpose of this section is to acquaint test site personnel 
with the hazards inherent in the propellant loading system and to·recom­
mend safe working practices and precautions that will be practical,· eco-
nomical, and compatible with existing Air Force regulations.•· 

· 

,, 
' 

B. THE PLS FACILlTY 

The Propellant Loading System proper is contained within the 
propellant terminal, a pipe tunnel, and the missile silo. Control a1'd 
service elements of the system, however, extend beyond this locus to 
the equipment terminal, the tunnels, the Control Center, and. the ve1,1t­
and-supply trunks at ground level. The hazard area during the pro�l­
lant system tests should thus include: 

(1) Specific portions of the underground launch compl�l[ . . · 
and tunnels beyond the entrance from the Control · · · �·. �; 
Center. · ; . . :i<1 

··.�': .;1 ; -'! 

(2) The surface area w ithin a specified distance of th� · . .  
missHe silo opening or vent trunks. 1 : · 

The hazardous areas involved for_ each test are shown ip. 
Figures IX-a, IX-b, and IX-c. · · · · 

c. HAZARDS . tr:::;, , , , > : "' . . ·< n /' .. : · ;;,.i : ;q,l> 
The PLS faeillty and its components are sO: designed tbatthe, 1 

usual industrial hazards can be readily controlled by accepted industl-iat 
safety practices, i.e. , good housekeeping, careful working prac�ices� 
and intelligent supervision. · , ; 

The contents of the propellant system, however, are hazard� 
ous. Explosion, fire, toxication, and dermatological injury' can.occurA .. · 

1. · .Explosion . .  · ' 
j' 

A chemic�l reaction involVing liquid oxygeri or �n �verpre�&UT�y : 
in a gas system can result in explosions. " 

. . :, �-
· ,· /.:·. � . 

*References are listed at· the end of this section. 
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I 
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I 
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'� ·. 
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. "{ . •  t.' . 

'.: \ . :J]'/ '. :w· ... . . . 
" j,' :. '; '' �.' : ' ' . .(J, 

a. Liquid oxygen it�elf is s-t�ble agalns;t d�t��at�()� •. ;;:Ai:-:> .; '<.::, .< . .  , . 

mixture of liquid oxygen and' any combustll,)1�.'�aterl�l. ' : ..• ': ' 
particularly �arbonaceous fuels and lubricants, ;ho�- · � . 
ever, presents an explosion hazard. Even a[fr�zep' · . '. , 
mixture can be detonated ,by mechanical sho�k 0.� elec­
trical or static spark. Semiliqui� gels ,6r;·s1µr:f'f�S;�r� · 

especially dangerous. Liquid-oxylen"."satur:�ted iheta1 
chips or rust flakes will detonate. The only safeguard 
against this ha�ard is to isoh�t� the liq�id o*gep ip � ',, 
chemically clean, tight, ,self.-;c�:mte;lined i�yst��; .. Qase� .C: i� 
admitted �o sue? a sys1�� m�st ·be. ff,e.ff?r, <r���;u��ibi�. · . .  ' ' . 

c��taminants. · , : , 
. 

; .. · ·'i.J!� : : .. i;: '_):::� - , ( .::: ':' ·iW/:i::. ·. ,d;�·:; ;!/f}�;l f.:";f f ·'.' ; : . 
b. ·Safety relief·valves and:·rµp�ure ��s�sJ��v� : �¢e,Q: · ;41'�.�ude<F ··· 

ip,th� design to .P:r:-�tect .· �li;C ., :s,ys.teiiris : .. ag�k)�.� ; :�bl,\Pr;#,Jal: ·,,: · · '., 
gas pres,sures� ·.Note t'�l' �h.e;;�e!:ady���f ; l��e.� XAl��&:s; · ··': · i 
of· gas generated when il;qQ.1d /pxygen , afid;:;nitrog�n w:�rtl) "i 

··: . • . ·[ :) -'. ' .... ;•: • .  
• '. ... - . :01J•.. •. ..... . ·.:,.(•· .,f{. ·�· � . :. ·.i ' 

and vaporize can.result1n ha:zar.dous pr�ss�r-es.';if;inot<,. ·: . 
pr-9per�y.·ven�ed'.3. ;Reli�f v�lves musfbe:; m¢,thajl11��1y' : ' 
rr:re t6 oper11te .at th� pr?.pei-/s,et P()ints; ; andtr�P�\i��; i ·; · 

. 

disks must be of the des,i,g:n,eq ; gauge · and' ,unop� ' ' et��� :� , ·  

2 ·· _ ;*����C'�;���fi:� ,����tl�r��t�\� ,.· '.�:�L: ... :,· · . 
RPt;;:t fuel is 1tTghly corribu�t�b}e·:�d gas�ou�; oxyge�· Wd.1:J.<s.upport . 

combustion. : Th�se. coi;istitute the m!3-j()�;-fir:e)1az3,i:d E11 . irt\; th;e system. � , :1 ·. · . • 

: ,� ,( � ,; 1d/: · .. 1 .: '. � '··,,·;:'.:': ;, ·
. · : '.J � ;;;, . · . r ::,'. 1 . , ' · �:i';_�y{�:; . : : '/i�� � ·'.·_:.:. : _ }:J:'j�_; ····'.: 

a: ,, r1RP.-·l ·•f11e'l ·resemb1es: ks1� ·�S:ene ;; ; ·1 d · · " · ' ·jft: ·, : . --. . �.: . .  ' , � f , I( I / .., • .• . ' ' ) I ., l }j .�·· ·� ./, U'< I r ' '• .Jl""-.:" • ' ' 
.:: aiJ��- �has: a ffa$h pqint>P.�;� ·o.� ti ' ' 

'-!,'· ·�. :·.:: _ : ... " . ,:. _· 

l 
1 

·� 

·.· ... 
. 
) 

.. 

.� 

·. }�; . l 1 ·1�Tb'd ' ·�p· "·1· . ,. ·:·' .��i;i�,;;. ,' . •!j I J ' ;�,�-.: - - i: : ' . Lr , us - · vapo " ·· ''":•·· · · , '.·': • " . , •;(;,,' " •<f > ' ., . ' • , • I• }. ·1·� ·! ' 1 . , ·' ' ;,�:l; !� - �i; ,�ri� if airJ;(px��'fhli " :�{�.:�);: ' . #. 

ij : J:�� : il'. J�ti��1J�·���,��. ·ia ·Ja�ff �a · · .  u · :q�, .5{f ·: · , , l 
· :" fo9�t.·�1t�n hydfocart:>,�r(:·.�}:io'�:vf�ie�(�rs i': ttP:�· . .,� . . �;. � rF: :.:·t _ · · · : 

·. s.s �if:>o· fie&vY: to be readi�y. det�d: etti�� .1• - ·�;.,., �;'���·�)�Vf ·: : :· { f f 

: .i_; .: � •. · · ,  · � .. �-: .. -;t ,-· . . ! · : :�;.t,'��C:�: :0 :=:�t>i�l:., � ,,.� · ::>:.:r:': �-�.,� ... ::·.'. " '. · ·· 

We recomme!'ld �hat the1 'fµel be, cof9red . with 'a,�eµt�al 1··':·: 
. . . • . · ··. •t··· ' I  . ' . I • • '  '·.-. - · ·t agent Ho aid.i�.9etectip.�)eak�)� t�'il the �r · c��c;�l�t�ori i J;·� V ::•-' 
system be operated at !l)S.xi;1:9um ra�e during.fuel yans7 _ ' . (i 
fer <to exhaust any vaporM� .. and t#at·smc;>klqg 'be pro-... ·: r ) 
hibited when the· s ysteni' conta,tns ·'fuet "dpen f.i�rit�s . ' < " 
(welding, etc.) Or ungrounded'/ unsJiie'idect·electilcai, :.i. �·-'..; ;h·� . ; ' I . ·I ' ., , . - · . • . • : •· ! 

equipment (power tools, �tc.} shol.lld. not be ;Used near' . 

fuel lines and. equip� .. g.����--' · · .�·�-<�<� . . · i ·�.i< ;,_· � .;:·; {:.,:f� ·.
,� . .. :.� .. �-: . - . ' ·· . '•I .. :' . . ' . , ' : ,, . ·.1 ·. ·. j ·: ·.1 . � '. 

'• ·' .. 
• l 1 ... 'l .. '·r'' 

I : : . 1 � 'J ' ' ' ' 

-- ;. ... · · · 

; t. 

l't'1-'t?..,. 
:-.;-�:;...._ ... '·�' ; �-- J ·;-" �-.. 

--�--�-�-·--·:-·-·-.,._......,,... .. _ .... �-:,..,� .. -� . . ���f!��F;.-.,-����.��f:�w.�;7i:-,..':!;*-::��.--,----.::-:·:::�::··.;.··· 
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FIGURE IX 

HAZAR D AREAS IN OSTF LAUNCH CONFIGURATION 
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Figure IX' c 

AREAS FOR TESTS 1.2.2. 2.·i .. �, 2.2.3, 2�2.,, 
.2.1.�� � • .t.i, 0.2.�, 6.�.3; 6.2··"• 6.2-.6, AND PLS 
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b. Gaseous oxygen supports combustion fiercely even 
though it does not "burn" by it5elf. · Materials not 
normally combustible will burn readily in an oxygen­
rich atmosphere. The gas will saturate clothing, 
wood, brushes, and like articles that then could be 
moved to "safe" areas and ,inadvertently ignited. 

An oxygen analyzer has been installed in the pro­
pellant terminal exhaust vent to sense abnormal 
concentrations of the gas. Additional portable 
"sniffers" should be used by personnel entering.an 
area where a liquid or gaseous oxygen leak condition 
is suspected, and the ventilation system should be 

231 

set at maximum. The use of open flames, ungrounded. 
unshielded electrical equipment, or tools or boots that 
are not spark-free cannot be permitted in areas of 
abnormal oxygen concentration. 

3 . Toxication 

The confined. underground .construction of the facilities in­
creases the danger of respiratory injuries if the ventilation system fails 
or if abnormal gas concentrations sudden�y develop. 

a. · Fuel vapor is heavier than air. and fuel spills in 
a.poorly ventilated space can result in a toxic 
atmosphere. The narcosis ie. sickening but not 
fatal, and recovery is rapid when exposure is 
terriiinated. Concentrated fuel vapor is easily·· 
identified by smell. 

· 

b. Oxygen, nitrogen, and helium gases are lighter 
than or close to the density of air; therefore, any 
free quantities should be readily exha usted by the 
ventilation system. A gas vessel or line rupture ·� or vaporization from a large liquid oxygen or - nitro r

""
��\t 

gen spill could create a temporary local gas concert\.. �<f 
tration, however. Personnel should anticipate such. 
a condition after a malfunction or accidental spill 
and thoroughly ventilate and test with "sniffers·" 
before entering t�e space. 

Mt 
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I . 
4. Dermatological Injury 

and eyes. 

.: . . .. .. . . ·.· . ... 
Contact with the liquid gases and RP-1 fuel can injure skin 

a. 

... I 

More than momentary skin ·contact with fuel may 
produce burning, blistering, and drying of skin; · 

hence, there will be a danger of secondary infection. 
Protective clothing, neoprene gloves, and face 
shields will minimize this hazard. Exposed areas 
should be thoroughly washed with water at the eye 

· fou.ntains and safety showers; then medical attention 
should be sought . 

b. Liquid oxygen and nitrogen are cold, and more than 
momentary contact with the skin may produce serious 
"burns." Personnel working where spills and splashes 
are possible must wear protective gear, including_ 
asbestos gloves over neoprene liners� clean, long­
s.leeved cotton clothing, face ,shields,· and.high.;.top 
nonsparking boots. Pants legs,must be outside the 
boots. ·Rubber aprons are an additional recommended 
article of protective clothing. Exposed areas sho�ld · 
be thoroughly washed with water at the eye fountains 

·and safety showers; then medicaI ·attention should be 

·"· -'- <,"-:-:-·- '-·c� ..:'.'-:..:·. - - -,6<:>���� '.--\,.�i,;i_:_ .� · '->· .• -.�'-·-� -_ . - ·�,: •. ,.--" \ ·�'.. :.��:'- .:·· _: -.: : - ·. '-�-.,:, - - · = -
.. 

. .... -
i' 

·.f i •' :t-:· : .. · 

.

. .. � .. · .·.. ' .: .:�, !'• ' . 
0 • 0 ' • ' °'. 0 -� •lo .. . ;; • ): ..• �. :, , ' •  

"•• 
• 

;i,. :; �f�¥:: ·5fF'�.;� -��t;,����;ES:<_�;t:Y.:;; �-: . ... . . . ; 
.
: · : ... : 

. · ; .�· :� ·
. ·,· ·. :· .. : ' ··J. '. . . . · 

.. . .. .< ·Tpe following safety practices are recommended to. :guard . 
. a.gainst .RE.trsonel injuri�s or: damage to equipment and facility during the 
1tests: · We feel that these measures are practical and necessary for safe 
test accomplishment. These practices should be observed during the 
delivery', loading, and transfer of propellant; in other words, it propel­
lant and: gases are in the area of the propellant loading ·system, !a haz�d 
conditicm should be con5idered extant within the PLS facilities.· 

r ·,· 

... · 
"'· : 

. ·., ,· . t, · . . 

a. Prior to the beginning of a PLS·te'st. the Test ·con� 
duct or (ADL) should prepare and submit to the Tesf : 
Manager (STL) a list of authorized test .participants. 
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f. Portable "sniffers" that can detect the presence_ 
of abnormal amounts of oxygen; nitrogen, or 
helium in a space should be available to personnel 
for use. in the propellant facility . __ 

g. The propellant terminal and missile silo should be 
equipped with safety showers, eye fountains, fire -
blankets, stretchers, emergency lights, first--aid 
material, and fire extinguishers. 

3. Warnings 

a. Personnel should be instructed about the Air Force 
warning and clearing systems effective at Vandenberg 
Air Force Base. 6 · 

b. The Te st Conductor (ADL) should not begin any test 
operation until the proper .area clearing and w arning 
procedures have been complied with. 

•.;· 

4. Cleanliness 
"�, �·· , ::: .·.�:· :;��;.�·.� ':�: ·�··:··· .. ·:: .; .. ..._, .. 

a. The PLS facilities, equipment, tool�;�.Pm.1�;, t�st 
gear, and other contents should be clean.(i.-e.:. - ·  -

grease-free and in good order)before and during 
tests� 

b. Personnel working in the PLS facilities should 
maintain personal soap-and-water cleanliness. 

c. Prior to the start of the tests, the PLS will have 
been accepted as cle·an and tight. These· conditions 
must be maintained. If it becomes necessary to - · 

open the liquid gas or gas systems for repair, the 
following precautions should be mandatory: · 

(1) The area surrounding the repair point 
should be cleaned with trichlorethyleile 
and vacuumed dry. 

(2) Clean, nonsparking tools and approved, 
sealed repair parts should be at hand. 
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(3) A one- to two-psig blanket pressure should 
be established in the line or vessel at the 
repair point and maintained during the repair 
operation. ., 

(4) The repair operation should be done with 
surgical care as to cleanliness. 

(5) The line or vessel should be purged and 
pressure-tested after completion of repairs. 

If repairs have been such that contamination has· been un­
avoidable, the contaminated section should be completely 
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cleaned as detailed in the specification for "Installation. . 
Preparation and Testing of the Propellant Loading System. 117 

This cleaning includes a flush of the system w ith clean 
liquid nitrogen, purge and blowdown with clean, dry nitro­
gen gas, and analysis of the influent and effluent substances. 
If contamination is so extensive that flush and purge clean­
ing is not effective, the necessary sections of the system 
will have to be disassembled for piece-by-piece cleaning. 

d. Portable "black light" units and clean trichlorethylene 
solvent should be available for PLS facilities inspection. · 

. cleaning and repair; 

e. Personnel using trichlorethylene should wear neoprene 
gloves, a rubber apron and a face shield. Personnel 
should avoid inhaling fumes or using th� solvent in 
poorly ventilated areas. 

. l 

"· 
. i 

5. Maintenance 

a. Only nonsparking tools and equipment should be used 
within the facilities after the start of the PLS tests. 
Pneumatic power tools are preferred over electrical 
types. 

b. Replacem ent parts should be rece
.
ived for installation 

sealed and approved as to cleanliness by the qt. 11lity-. 
control laboratory . 

artbuT D.�\ttlt,Jnc. 
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.c. A record of maintenance work required and done 
should be kept as part of the test log. 

d. The lubricant and hydraulic 'fluid r�co�mended 
for use in liquid oxygen and helium subsystems 
of the PLS are, respectively, Fluorolube and 
Houghts Safe Oil 620. 

e. Attention should be paid to the position of valves . ·  

and .the relief of pressure or vacuum before any' 
piping system is opened. 

f. Cutting, welding and machining work should not 
be done in charged :PLS facilities. If necessary. 
these tasks require maximum ventilation, fire­
fighting equipment at hand, and a thorough area 
clean�up. 

'• 

_6. Smoking ' 

� a. Smoking should be prohibited in the PLS facilities 
after the completion of.construc'tion acceptance. 
We recommend this mandatory rule to eliminate· 
-�y chance of "mistakes" and that all smoking . 

\V', · ; : · m·aterials be surrendered at the entrance .from the 
r·-=·<�:;:� ·.-� 1.COntrol Ceiiter. 

f •• � .  

1: .<r;· .. :.�:" '1'.·zf FA;. �\ - - · .  . . .
. 

· · .. . 
:· ' , '.. \-��lb ·, · foo�, "<rhewing gtlm, ·tobacco, and like absor�ents 

'� ' ' � ' . !-.· : ·� ' \ '. 'o( oxygen gas· should also be prohibit'ed fro.m1the 
, . : '· · : : .PJt.S'facilities. · · 

: ., 
· · . : . . ; � � ti:�: . : . . 

··. 

'i .! ·: . . . .  - ·  ; . .• ·· . 

E. 'REFlERENCES 

The references in the text refer to the applicable sections of 
·the following public'ations: 

1. 1st Missile Division, Vandenberg Air Force Base, 
1 MDM 55-1, "Missile Operations" ( confidential 

·manual). 

2. Douglas Aircraft Company, AFR. 11-30. 2-59 . 
Doug-0080A, "The Strange Case of Liqujd Oxygenii 
(unclassified film). · · · 
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3. Liquids Propellants Information Agency. Johns Hopkins 
University, "Liquid P ropell ant Safety Manual" (unclassi­
fied manual). 
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4. 1st Missile- Divi�.fon, Vandenberg Air Force Base, l MDM 
58-7, "Sc.fety C;;_r::.;11 (unclassified regulation) . 

;:;. 221 ]\'.fissi l e I�i-.:jc:ion, V::.ndenberg .-".ir Force Base, 1 MDM 
:.f-�_. " ? ro«.E· ci.i·.·c Cle>thing for Liqu;d Oxygen and Nitrogen 
}-fandkrs': (uncJ �:s.:; ifi�-d reg:.11a�ion). 

G. 1st Missiie Divi.s.�n, V andenber-g Ai.r Force Base, 1 MDM 
58-4, "Wo.rnir�g I!evicE-s r: ( un c l 2ssif ied regulation). 

7 .. Arthur .D. Little, lr;c. , "Specification of the Propellant 
Loading System for the Operational System Test Facility." 

F. BIBLIOGRAPHY I 
:•' . '· ' 

The following publications, in addition to those listed. above, 
report liquid propellant system hazards and safety ·procedure$., All are 
available from the listed publisher. A copy o f  each will be available l.n 
the'ADL field office; Vandenberg Air Force Base. 

... 
1. 1st Missile Division, Vandenberg Air Force Base, 1 MDM · . 

58-5, "Missile Accident Emergency Team."; 1 MDM 58�6.,: , . 

"Reporting Hazards in Missile Activities"; STD 59-2,;..14� , 
"M1·ss1.-le Safety 11 · · · -.: . , ,_'.· }, ,,:,.:.:. :· '.: > .. : . . '· ; 1-.. 

• ' �; .' , ·.' ·;- '• : ";� r··: .• ·· :,:�, . �:. .-; '\ 

2. Directorate of Missile Captive Test, AFFTC, Edwards 
Air Force Base, FTR-TM-58-1, "Safety Procedures for 
R_ocket Propellants. '' 

3 .  Lewis Flight Propulsion· Laboratory, NACA, ttRocket 
Lab'Jratory Safety and Design Manual.11 

4. Pan American World Airways. Guided Missile Range 
Division, Patrick Air Force Base, AFMTC-TR-58-7; 
AD - TB4277 , "Manual for Handling Missile Propellants:" 
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