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~\~~bj~~t: Conference on ?roposed Rockev Facilities, ~arch 27, 1952 

1. Present at subject conference were: 

LOPENZ C LEOPOLOA. S.i.lverstein 
B. G. G~lick (part) CLEVELAND DH ~4126 

\1. T. Olson 
J. L. Sloop 
D. \1. Berg 
J. E. Hitchman
 
1-1. 1. :a:;YI.rta.7J.
 

4138 W 215TH ST 

2. The feasibility of locating ~ facility in the South-40 area
 
for testinG lOO,OOO-pound thrust rockets \\faS demonstrated by presenta

tion of a prelimina~y layout based on SCheme A. (This scheme employs
 
dry Gas coolers, gas holders. and ~ recovery or scrubbing system for
 
the hydrogen fluoride ~~d fluorine.) The estimated cost was discussed •
 

.' There \-ia.S exte:lsive discussion on .the.' safety aspects of the la;{out.
 
desirable disposition of hazardous structures, aco~tical problems, etc.
 
Other pcssiOle schemes and layouts\iere discussed 'briefl~Y.
 

3. The ir.r;;>ortant conclusions reached in conference are sUJ.1lI7J.arized: 

(a)	 Th8 target cost for first staGe construction in the 
S01..1th-J..j.Q area should not exceed $6 million. Pre

ferably, the cost should be a'bout $4.5 million. 

(0)	 Design fo~ first stage construction ShOD~d be based 
on the future development of the area into the full 
scale lOO.OOO-~oun~ thrust f~cility. Initial design 
snould include required featuIes for operation of 
:~lt:::)r:l.I'.e oAic.ant rocket s of 20.000-pOUlld. thrnst. 

(c)	 Aesthetic -v-a!uen should be considered in la,y·outs. 
Models ghould be Dade to denonstrate attractive i' 
2.:!);eaOra~ce•	 \ 

".i 
(d)	 Initial desiGn and layout for bud.get consideration: , 

should. proceed from ene;ineering data -,.;iJ.ich a:L'e knovm. 
and availaole for immed.i~te ~pplication. It was 
~.ClclQ'.'JledGed. that changes could be lilacle at a. later 
time if improYement s in scheme or des iE;n become lQ"•.cnm. 

I(e)	 Delete test cells not paft of the toxic exhaust system. I 
,. 

This i!lfe!'s one group. OI test cells vi th space allov.red 
for f~tUTe eA~ansion. 
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(:r)	 ~-i~:8re :rea-sHle, prQvisiQD 5h::)1110 be Ino;.O,e for 
l~teral suppression of explosion forces attcnd~~t 

to hazaTdo~8 stractures. 

(5)	 Recaver~r of hyclrogen fluoride from tne e:c-"aust 
products for conversion to fluorine is to oe COil ~: 

sidered on the basis of eCO!1011lics of prOC11reiJlen0 
80St vs. production cost a.D.cl \o!ith c'JnsicLerati0:'l 
give:fl to pro"blems of transj?orti.!'-6 3.LiO. hcxd,ling 
c!te2.icals.	 
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C~)	 Design, la;routs, esti!I!ates, and. gei1eral EmCineeTi!l£ I 

should. nroceed ~mmediatelv towards presentation of 
Jorrn 607 by May i, 1952. "Present deteT2inat lor.. Gr:)up 
2~~11 remain intact for ~~is purpose. 

(1)	 [\'1e%:rs. ~J. T. Olson and J. L. Sloop are to prese:,.t 
I 

their requirements in light of the c~Dclusio~s ~ 

SUf:lf.';arizec1 here. 

4. The proposecl rocket facility at PSI. \iEl.S denti O!lcd. 1':0 further 
cQnsideration is to oe Given this proposal because of resca:rc~ o8jectives. 
An alt9r~ate was susgested using the new 24-inch air line in ~~'L area for 
Cfer~tio~ 0: ejectors. These ejectors would simulate continuous ~ltitDrle 

co:1.ci. i t ions for small rocket vlOrk. 

5. The p~ise atte~uation problem is to oe given further stuey, 
9s:p8ciall:V- 10\' freque:;lcy sound. 

k~ /l..-Y/!? ,!J~~W_(i' >.v 

V
HarshoQl L. nyman 
Chemical Eneineer 

cc:	 A. Silverstein 
-.i 
" . :r. O~son 

J. .L. Sloop 
~,rD. Bergfl. 

~L 1. rt3'lllan 
,:.- .. ,&- ,J. H. ..I:L v ClL,]an 
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S)'J~i:i:'iCtltj.ons EL'1.& suZ€:~z'\;lQtt$ i'Ol~ :9:i.~O?05at't roc ._~ 

J~Qst fc:cl1i ty 

1. ?1L:':~., ~: ?:tovi ~.( ros arch ±'c.c:lli tie;:; fo::.' the etm:1 01
 
:.··(:':0·~. r:r";L.e l')l'oblw' s· involv:.lnc 1 i.:;· t;:1e:.:\:~y :roc1\:,:\t 1)2' p'f':ll. .t
 
..'')~:rJl::·_.~;i\ ',1 f:.'lCh Ct lu.Ol'1ne-f):irilr?'lzi~~ ~ :LIUO~'::'lW-mnm 11a. ~ d.
 

,!r~,,;\j1··h;:<).rJ,·;~.3, ::,.nd otho::. I)rOf~l":ll,\; or::bl c/.::ions ruch G,S
 

/0:r..-'" .:;: lL~e 13, d ~c:ld-ga 01.L.0.
 

:.10) ])'0 ~1\~'" s
 
, 3 mii'l~J.t,,,:; Oi~
 

6 m1 u..J... ...... ('" •
 ,":'t.l'l. -_"• L!i_J.J.- lr:..;JIqi

run'~ for 

~. ~1VA tc~t ~~caB consistiD3 of test 
"',;, . ".: ,,<,,:t.";': .... -~:...;:.~ E'Zl,;l lJU.:.:l~1r~:1f Service e.:{li1 cont:-'ol; main 

~.:_'::-J. :.. ...._:~ ~)::i ..~ :"11 :':Jr~a te~~:s £ll1 rlistribution ilee.~ ~y_lt:J. ·-ii 
.. :; 3G:::~;.b-~.Q2'5 ~(1 sQlJ:ad. l;:.t-torrtl~J.t01'G; ;;. hyQrog':::J:1 13. :rLlcfe, ··tio~ .. 

~-::, 0. fluorine g.;:. r~tion :91['''1,1:, ," ope:;.'e.tio 3 "01.Ullis.1;..:. 
.(;,.~:;,.i. h~'; 3. ,]1011, C,::·· t:.~"?,l In... t lli1lEm-;' :'000.; ch::r.:i 'try la.l1o .. (~or.Y~t 

.::-,'y::ic.'.l ;·,·,·:';;·:','_U~{!,:1r ·e ~ )O,L'n,.'·Oi'Y~en. o:tf:.:.ce __ 

1':'70; '0';!0 C011g IO:.... P', .:.::i:1'~:~ b 2~)JOOa tln ,"i; <. 11..... / 

l'J.<:~l·d. fl'uorln/) ~:,"l lil.,.~ll o~~,~C=~ ~...G C::.....(i7~1... :; G-·l!.~~~:1·1.2?.!·~ ./ 
11:·/.~. -~0~el"', : ...Y~.T,:~:~~i lle.. OJ,.'' h:ld.:C'ClC:- ~~. ~~,n t. £ .. , :~U(' . ; ·t~lv C ~;11 . .--J-~' 

f ~lI" c:"1,,:.-:i~jOS to 2\J, 0:.. 0 tin"tlgt S;l1.~ l:i.(L:.1· d o>~t?:c "t..., ~.:.:: ..1
 
:C.... tl.....i.c D.citt £'..5 ojd.(1.iZ(it\~; ~'l .•..I.loni?~~ ... ~y(;#rg~~~in~, 01"
 

;.:.~:."'j~rcs ~.S f ele; on colI for ~{.13:!.:UC ~ to lOG!; .. 00
 
u:~L_·; l:!.(t id o:;7gi?A1 i~.S o::ic1.i~·.r:!X' Fmc. :_y;l:roc:"'r"bol)s
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'~·~o t'iCC A te:s-c ccllw (fl·\.'t!)l"l e to 20~OC}O l"0u.nal1 th!'Cl~lt) 
~.::~~l t~/":J 3- t cs·;; eel13 ( ;-;rf·,c):'1-e::.oio. to 20.000 ·ool.rw.G tll:ru.;::; 'iJ), ~. 'V _	 .. 

3::'-~11 '00 ct':'.ya:ble of op,.re..tion in threo we::ta ~s il1us~r2.t0cl 
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j 

I 
_- .. -	 ..r 

t F", 

I i
I 
1 IN5Tf~''''''"r : 

G()WT~\OL~ 

____.~_,._". _ ••~_ •••••• ~ ,.' -'.,0 

Jiot,·:	 :Cu}?lics.te roT:' 
seco:.1a. ~roj?el) v 2 ..mn~J rJY-F~.s j 

3 8: 1,., - ~ .~lL.u , ....~') ,,"'1.:. ... on... '1-1')"'(" _ ..,... . t,,__ 

5 jJ1'":1 n :P?O'? SUp:p1y is,·)la. ti Ou 
\

"
I 

6 ~reO~rG tr~~ is l~tion 

7 propellantfl 1 cont 01 

from r..l?.111 
c'm ).":" ':1:,9); 

~{".1il 

t~ ,): t(} inst. c. . cOTtrol . Q O:1,rsL::.C: 
--:·~·l~r. IS '1. 2) 5s 7 o:;:;r.~; V'e....\TCs , 

.)~",j):nj l}"":G t~XL1<: ·.. rc:~ 'ill"'i~t!:~ t..:) ~ t11i1!,J!..~ 

~1::'-::;"'c:::'5 sig 't "wilt c:".-"i·~r~·GiC)·'. 

:::"10.' .j.'~l t~?"\ ~l:' 0 

::"~:ol 0<:'Y t\) 
5, ~( ":<,,a"· y····,'c..;; 2,:.> closed. 

'cr '~ fi _J.l",; 0012 
fl11in.:~; ·J~..l\j"~ ... 1, 
::7cr (;~ ..ji ., fCt.)l.~t 

:?·.....l. e~~~.... :''i~ cl o.. ~c:-. 

::;'10 e.bDV6 J. 9.l.~t1.0 _ is ill st:"'atL GJ) ~G 

21()'~ .!.hET}?l·0S~~t ~411 tl1 "v~.Jlves r'~il Otl1Ci" ·~~~u:!.9r;"-:'J· ..~ l~~e;-;'c<:'h 
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'?.t:..-:' <1~'.J: .., '-e(;'v cell f\( OA:le ,.Jl-g...80 line to 100, OCiO pO-1..I1J.C..'3 

tltrnct) 'vrill be fo~ Gelf-cont2.i:.J.f:"Jd. Eiilgine :ceGt r.l'iQ. ....Till n t 
]1'::::18 a la"boro.torj :f!l'-i"Jj? o:c test colI t~L1.ca"'e. 

C• CoIl I'''..vQ 

~:10 c011 sllO"u..1(l "bo l::id 0(1:('; 1::1 ~ ciI;1~lo~ ~:r~:;:~[.-1eht-:f.o·, 

-:' ~ ..~:',.:... 3,:::'~~'x:r_ enc 0 119.9 sho'm U 's1; ;-),3,'111' :ci:",1.::1e lilOC'."!·'\U::' c tiroe 
(:".~ l~ sc;, d if '(';OT~: C.:'.i.l co~r~inue sr_ ~ol~r in 0:::'9 cell 't lila 
,.::'..c.":1. l' 18 10::d',1'2g 2-.1.d op(?:rc;;ti.n~~. ::r Ejngi~o·' auld e 
5 \_"-'~',-.:·<:,a f1'O, 1 e c.....l.:r:ilis.ry C(;'J.lp:!Cllt for protnctlon at7:.'b1IJt 

fi:i.~,:~ (j smo;;.ll E) _losivns. :D.:dves fo;.' proypl-e:.nt pumpc silo .1Q a 
dl'"tllr.·):'1 Y' }·l:l.'o·b cted-. A b sic ~:ife'0Y nrinciplo itl ·...0 l::"'l':"]? d ?,oB,ol 0 

G......:·.: ti -ClOG 0::: F.t"OP8_1e.nt ~.l:~Y f:L'o~ 'Gfu1 51lGiue 'J .... 'to is ·Ct.l.' 
:? ··nei.... :;1 firs .. ':l ~YPlos:1.c 113,:<:",,1'(1. e:.~\ric i' ~. ea. 
:l~~ 2::ri ~ips;ll:r .... ,t U1, in:::t.?ll8.t' on, in2L a Elral;ion 
Z-..ll". coul/i. if sui t~~bly protc~tG<1 f 'om (l,ver· g. fuLl. O:!' i'i!' 
t.·':-":"2. be :i.n ihe test cell l' ir:'m·~t iatGly &r ,j2-Ceu'~. Th.:. 
"~(i·:~:.Jl. rec Ll ser-v-os as t,.t.~ c~.~et7 room dur"-:Ll[{ o:)~~~c.~tl()::! ~m 

h"......::~ l~:;·: '" "be pr '.:ct f:.. 1Ol:';;plosi ns; fir s~ or fume. .::'')" 
;> 1~"-:"'::.I;r-,L!.. t"st co 1 l~y()u.t . s c1; ~ h d. (ni, alu:iona _ e 
n.:.\_l_·wy n. ~!v ) .. 

:?~'-vido fo:;.' 7-11:<: r mo r, 1 
0:~·-.:~ •. ·';:Ji i:-,';;> 20 r O'.'i)-l)Ouno. thr0.«~ c~11o "'.r of IrO? L the 
,);~"_:r ·;.,ro 2()1 O,J-:}' -, il thrllct ct::llr..;. At r>re~\-mt . ",-at scruOD8:r 1.:::":: od. 
\·.-t-_~:l~:. ~" (.Elu.t.:) Ctl"2,ztic is' ir.r{)rocr~Cc,- i,l.-t~ ths ;,f.r..cltlC-G G"'cro'~', a~.~;z'·-"-·>J 

:;:'·~.··2:'~i"'S fc.;. E:7., l~ ...sul·cf:! of __ ....~,.o~..i ~l ..t.:l ~~Itudi~s of t:lis C}C rt:~" ~i:as 

r. l].·-~~ ... ~)~. :i'11.r -~() ·~Uj.l in s... ~ep.~,z-"".. te ~ZE! 1"8 d:um.. "f',: l"1t ie &lso 1~1 

::,l'.J,:::0 : .... O;i. ,. Ul'O e,n'(; of :r02 :a t'h..- e::;llt;. t. 

" 

,I 
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cells mu.st 'rl. meD. S '00 -edu enG>! l1.(3
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 ~ 

_.;l,.; ••• ... F <l"t:'.ene ·~l nd Sound. il1tcn ...i·~y .a~Gi1 21:.:0 

~ ,~~';:1i ~'l.u::7 .l.(:. ':.- )"',h fo ~ 301L.'''td. 8,bscrption is
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r,'(1 For '(j 'lO ·~;:mks. (OI''''rtn-.lA. t 
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Propellny.t I T2~k r~terial . SpGci~l Co.stTuction 
___________l _ fea.tures 

1:q 02 I 304 S5
 

.oc.o3 I (],) 99~; a1
 
i (2) 347 88 

'-2 I .l"_ .....'Ci_ V ctrunt jach.d:8.1 rnd in llt.te.-;:; \ -'''''1 C ~r"" 

rcf:dgel"a:b eel 11;/ 1-" qui c1 ni tr ,,~-:0 

lIT{3 

30~. 5S srl'IO vacuum ja.cl:e t cl .:..nd insulat€d~ 
l'8:fl"ige1"2..te by gc.s :::2 o..73.cl 

! 
\i~r(I:;'oca11bon; Carbon s';;eel 
\Ii trogou 30~· SS 

_ ig). 

liqu.id ni t::.~ogEln 

11. 

3&4 

Cell 

1 & 2 

I 
i 

(20.,000 lb) 
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·L?. ';,r~!'or~"'n lim F,:r<ct_'):l:~ :-rcn:-J.tle l:L e:fnc~iO:l1 enU:L ment sur:J:1C:Ler..t 
~ 

<;> J"''1 ~ l""'-m 0-" iL·~·)o -.... 0-1" .~ >, ~'- ,i.., 5" Y"~7';; ·t:~~I~"-:' ~-,. ~. 0:. 1 }.,. l , 
....... t ......__ .ol'-l..i • 1.,1\' ~) u..J"..l". oJ ... _ v.. ~ '''<'''0 ~~w ~ _",<.I..:.;) ...A'll . '"
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"i .......
[!. :::: (J: .is ro.'l..y 1;~ G.ona ,TIt' " lL_ue~~F.:.ct··Ol1 rq~Ei of ... 
'._})0:..'-,:-:-liL".'"tlly 181/ r: if e;PIlo ~!T~3"o" [~33~ 16~$ Q!. cOl,i;i;Yw'\.;; 1, 

~; 
; .. ~») - 011:::' pl';)c_'·ction:1 s ar:LUll.8' fOl" ,,~icing.-" or"" _O-paTa. COY.l.V"():"sioJl. 

Z~l!-"1. (J·chG1' hco:~ losse~). Pro·:ride aa.e<!u.,-~r.e :P otr:)(',tion oe.ins"t fircs '\ ;.).
,~~.\plO'2;ion.$ • 

I " .f 
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13. ~'l_.'~d ..I':· p.'~7;erp..t:1.(j:n: I'!;:>.Jdmui:l fluorine ge. rC'.ticn r·3.te of' 
35 :Li~'~:': ~-;:~" C~·'.:cl ll-."1 !!lot \':1th five e10ct:-olytic col s 10 volts 
5V~\~'1 ::,::1:.('.;~,;; tE~C.; ElO.Cil \,r." tIl a. flu.::>dne pI' :luct:l.on 0 a:p~~l"'o:~·ili'£'\;el;y· 

'( 1. ,/~.,t'; ',' -~1.s ~,~ ?!'oximatel;;r 5 feet in cli~motcr rel'JUIT0 tr. D.C0 

,.O:tL 'Si:.~.:.'.:..·o ~).j.~ c 11. ~Glls 19::,~t~d. b~y !?,tdjoma.t1.c~21y rO~11n.t ..d ate:t 
,.' -.. .., ,'.. ~" •...;-, ... ,. ,1 e-C';'~'ol'l"'\.'''' ", ":1' .... ""'{••.".,..,,.. '''''''''m 10,)0 (I J.'", 1500 {:."
... ,) __ ... 1 .~.1.J"""'''- 'oJ''''-' v_ "t.·v u""'"" ....~~.l.~.. Vl".L...l;.v,.., .1o_U ..._ \. W Vv _ '-', 

~C~',:'0'J dot :'-G:"i1C;:~~tOX" G '0 for 0"':.ch call; ::9_"0'71c10 "'er....'1c0 e::.!:i 
.-"'" ,.,J..o r} C' "!·,·n.;'l·l· <:!.>.....y. lc'oo''''''';'o"""r ''''''c1 ""00":"" 8'" C>1'~<\" n"'(.~d. t'"y '" 'co ~'""'y:z.'TI:":-'-'A .. • •.·.·.·-.J_ ....·... ~., v..:.....L ....... u ...... ltJ.\ ... c...... ..., ,J;..~ c.+.t ...._ Jo .u..u -0 -,.•••'c;;,: ~\,r....,. JJ _ •.•.l.J...... _
L.'oo 

.)~:::. --f\;_ (f 

, , 
a l :::1g11 lJr0~ ~~"Ltre 

C011s Su. :ply \'fo!'k1..!l.b 1- 01 1 a at Tokl "Vnl 
Z'3~'VCld. :' SZUl" _.:esl'j'I~· -00 eJroPP1Y 

IP~ig I ~t test ore3_.8 I i_~lacod 

i::~ , 1.~~ __..__~_Cell,l'13~~ ~__....J~.!-" c:c I_~. _.' 
......_~ 1 & 2 12000 j'65~ 00•••1

;32 1 . ! lu 0 I 475 45 i' 6~: 0S
. I ill J.J 2 2 00 I It:: !~75 G. I . 

II;)! 11.11 1 2GOO I lOC I 6 0 lao I 10.000 

I 
,., ..

0", ~{ \ i all I 2600 I 15GO '- '~55 I:~~'~oo, 
).:'1 _~_d ~~i21 all !2000 1 10 0 \ 300 .i.11.i...OO 
,--:;~)'G ,e.11 12000 . 1500 r i177.000 
' 

.L 

-3 ° I .,.... ! i \ I1 
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.,." .. ..:..~.... .? ~:'!'<) for 't.'..t:)$ idthfh'to:-:':i.:.'l~ 

:;.;;: ~~,: .. sic ;".113 U::':::':_l'l!U!n amount 'co 0 s"L!:>pliei H..-U ~.;h ,ImP 1y l,JTussn.u."'Ei ~E.teh 

-;c.·ck fl·;jr.l cG:r:1!t1crc1el cyli:!:Ul ~•.~a.n S: 
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'-. 
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t· .
\ r 

. '

I ~. 
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~~::":~ :,'0:'" I;'::l-,-::.iuG. p:~esslU:7.z:l ;~ .(;0. les fbT pi1= Lng (loth ~:i11 .(;,'::..]-= to 
c ...,J.l~ UJ. 1 i:' ..... c;:LD. cell tam·:s to ." n etO!\-,.;S;6) ~ opt.:rr.'Gio of cant r-J"1 
"'l~:..lv~:J! ~-\·Ca 
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(c) Aa ocoi1omical ~.. c.;; of m.... ~·\;··r.l{; l'ixrl1irem0nt;::: (p,) c-n v} ,:; u1(~ 
':..,.;: '\;0 )/ :OV.:..(rI '~'le rCq'Jj.1.·r~~1. 'Volu.::'lG of (r",) in ., 1'o1p16 't2.'J1kG a ;,v:y in 

5·:1.··~"-:.--.,. ",._,t irl -eh only om ol tho fi ',78 err:: pl;l u.nl ts 0 t~10 

'~.T:Z "::'.~_ i J11~ :10_... l:..~v: f.. I·fj€'ll· he :? ...'~s ~:lU'v art tID. c tCJll -- fe,l .9 "GO 1000 J3i 

::..;; ~; \.·..1,::.. 'bJ 3"\,"5..'" ..~0i to tlle 10',;; 1)r08zu:l'O /i:,rbri- atio:tl 1:lr10 [.':1.:.1 a" .. o·~:l1o: 

:.i,.::"::. :i:;"':-t'SU:'"o SO"- of te.I.!.ks cat in on t:l,J _-te' ?roSf:!v.:t.e c.i.~··lbG.t~ou 

'l_i:_1:-~ ~'.x;, o:Jo'ic ~t·udy of tho lead _By of u~_n, hi.,.ll pro-£"~r~ 

c-::"::;':--0.:~ .... :,.·::·~ conso:nre 10h' p .. e~El1rEJ ..:,·:13 ohonlu be lJ.co 
:o.:,:;:.~ti[j:.tc :fc~s:loi 1:1 t'.r of s\J.Ilplying the C()1:'l1L08 e . ~lU;':;"or:'cn fNill 

J..~(~::5_ : _105.. ·G:"0l:cn. 

15- 0'~.-,...:r,.i~.on-, bnlldi.:J";: .2roVi(~.'3 08J~1'8:i:;e buililill.§: f,,-' tl:.Gl 
i\,;llo1iiIl\ f\:nctlcn3: 

OentTal !n5t~~mcnt _oom - ~P? O~. 2000 s~. ft.
 
C· tr g" p - "-"';: :rox. ~l:;·)O . q. ft.
 
C'1.emlGtry, La ors.-I;or" ... ~..;'>.9rox. 1500 s .. f·~ ..
 
- ~)ro~. 1000 zq. 8~.
 

fo'J.' t~o metl. inc Ur1iU,~ iit-m pr'v .ta r·~c!bl • 
. cozU'e .. cuco rOOUlj 2 . "':1, pi.. s .r•.i'tin" t'il m 

\ 
t1 '" d. co ~9 ti~, .. 00, fo"i:' 5 ~L 1s. (-to ta 50 } 

Gxi -(;1n6 p~an .. s E:. i 0) 

15. :-0" .!'<:tl :;'7'-'\1.]: SUf'{~e~~t itJ.-li·_S1 '-.X' co-nrs':J' : t, 0 t.'1d. 
":i'C;~ :n-nt 3~Ol",:l,?:e t~:9Pro:-d~...1; € ';/ I,,:t,-1.. •. ;;-.1" to jJ(·rg; -:r 
-. '. -':" ,~i :::~ti:,;,-,. ti 0:.1 lL'l~ S :},"01.' p.~ ",lle__';; t i!.:1.i trl.gll 

,~oc;- au/i. hr.li'<1Jn ;1".; fi:l.'i~lr OIl of teo" 001.1:::. 
::d.::.d;el;y 6 1 Yo 7: fo:;;' OF:;;!! ".UC ··L.g for ~ust cl1·ii<::.i;2.0T.\ olC1c'l;ri,") 

~'o' ","" LXi. ::;c<:.11cl'!.oot!.O S(LV:i.CCS (;no flc.jj),o~l)_c J:r2,'Gc::i""'l) e. M. io 'j-: 
-:;." - ;·':~·~~-::'''':~1~~. C~0 ounc.r-> t i801r.·,~,a (;'7 _1::::a'-=. pro :i.de G".:fel;T f(n... 
r);::i'~~o:':~:"~l tr2..v··"'11:1.'ng 'bet(tec d.iffcrCi1'G c..re·_c. Pr 'Vi ~G fa:.. OJ=: ~O io:.l 
:.!'1rJ. ll::."~ -)()~t.ntio.l wita the hyc1:c:)gOZl !iG,l.lC:lIe,cti ~ j?l<.nt~ T:t1'.3 

ceo:., :ilU:;riJ:lg s'kv-cch illuc·(;l'a-c·:;;s tho prLlci?le39Si ed in tJ1l~ 

1 ~~3' <hl-~ " 

J.om I. loop 
C' 1at, ~1JJ J.:O" Dz.·(~~\J 
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. Clovelnnc1.,· 
~(r~Y' 15 1,.,52 

hiO 

• • I ~ 

" 
,'. 

I' 

" 

.1.' • 

,	

l• I, ."' 

"	 .., ~ "r' ~'" ~ . ~ 1 4 ·",,·.:,·,"t·~· .,..." ·~IJ 0""'. ·O.r.> ~-.::... !~ry:::~~;;;~~ 1" .:>or~l; on .;;:10-.: ~~~~; •. J :...lL\ ...~ .... ·~:.·.'- ..LJ.J.vt.,;:; J.t.~""·,u.c.. H~ .L VJ·
 

, ~r,,'l '~'" '.~ '?en ,'''' " ~ 1 ~ '" ,,: "0 til '''I ""';1'..,,, '" .', o-~ f'l'
r_.mov~.:. 0 n", .:..0l • .• ~ .1..J. I _ Ll~ ~'., t,;:.; ~ "\..J, UU.(~\.I ,L Ii;.~ 

J,Cl:)--:Jou::,O. t:''lrt:Lst Ii.:: ,__:~a.-fluo:d.:':lG liq-v-id- .1r:l11onia j,~ock ,',- , -	 l. '.. 
. . . 

1. ,":"~, TOd'::8t 8~;1C',ust from flU.orlno-c,m JOJ?,ia nd. f1uQrlnr:-hYi~l.·ot,:_ 
!".:.;-, .1;: !.a~l fr;::.l SO i~L' 100 '1eil~)l.t ::Jp.r~8nt hyJ.r-DGSJ.1. fluori\l· .. '.lJ1C 
,',i,l·O;;Cr'I. 'Iv. ;I':..ri(l is ~Y-'urGmel;;r tOJ:ie .0.11.(1 muct be r .. oved. .for 'C!1 
','(':-J	 '1:";"\'::; :;~( t~ \.tore i trQiuc. '0 th' f;,1;;-(lS 11:1·.... r.' :~i.::!;IU.
 
. ~ .....- "1'" ." - . .,~:. .- t·- ... 'nn~ ·~o·-..,· fluo '1 Ii " -ro,.· E. c"" ~~. "'fIt
.,.._,•• \.I .. .! ';' '\, L',· ..... 1;, .1 10"" '.,1 •...,.~l l"'"' ,..... }- - _, ,. h v<.... 

., .... F·p·.....' .. ··1 "", 11H~"''''1 ,I' i; .....~.+-l. .:.F1<'+ m,,~l'H 0 .... ("'. ,1) C!'L'"'_,.•.J.lt~.~x:· _:."f' o.,).._ ••\,.v _.;:';'~\J •..,Ltl ~ l.)L.J"V : ..... ,b ~ ._ ..... ~ b • .A..... _ 

;'.;';~.;:::; n';, :.,;;: '1' :;h:i.1e ·;;.11.0 ll'ltolc:rable limH is ':lJout 120 '£1.? 'i. 

C " --:-/ i·· ... ) (.,,: ot'Qncc 1)'
,,- J. 'I "_. \.I J..... _v ..• 

. (.t,lOli of hy3.l'o[;(1t1. :fl:tlor1.clo t:.~.., r' .t1ovill un .(IT inv r.tigt'.t1.oC!. 
;--:1:," '~'~ t .. : ,., conGiot~ of introducing t:\. eOcliu.nl h;Yd,:roJr.:lL'h·) 801u'(;io.l_ 
Cl.i'~:·" Ii'·: ,;.~, .,ilich the ho·t 0('; -:(;;t 0. jJ'... '-::,u 'b ct1;1.oe~ p,.~fj bafo_ e 

.• " .~, 1 t":1& ,,,,tmospllere. q,lno -::1.1.T;JOG3 ofUw ouu."·~ic ~olut>ll()n '-.8 to 
,', ,) :: r;u.; e':'1d. e.-~I!::orb ·th. ';,rflr"':-::~C'n fl JOT'j.i10.· i. i~ <2, f.l:t·':!.t()C!.iJ.C/~ , 

, 1· ,.,." 1)('. "'1 ''''' '"co, , ." .~ C' .....;. '" t' ',~ ' ,-'. ·I)-r·· , 1- r1 ~ 2),',-··... y,
., ., "" .,J)._ tl<_l.~~ J.~~ve",(,,_r:: . lC , 0 .....· c- ll.,1. II_1;r; ... .1...... ,J.J.l _._ 

;:c-,.1.:~'~ 1,.tith :proV'isioDs fOi' ';:'~::.j u::;o of a::; r8.y b~~·.i."~ ·,_r;::>.y :r'.i1~ 

.:.y~.~ 1 ~~"UrJtic diGtrlou'~ion :;:y~.ttC1TI, ~!Jil tl1v ~~.~::~):d. ~or~~J.~.t~~r'; 
.'j. -~'l" .,', a.",j """,,,,r,ro.'''' d'~'ct' ......,""n-·1a-<>n " •.j .L-;'" " J',".~, ....1'91." ('"', ..".j ...", ""',7'.\ ... 1 F .. ~_ .... ("_;:,tf .• v.-:-.J",,, ~ .tJ_lJY""-!a"l/.. .~r'_lJJ.'" 1-... ~ ~J_l. 1:..:._ \.,1 ••- .... '-1""_"" ~". 'Jl._._ 

i~ '.~:" i"'y. ~ ..',..! E'.c1.di ti Olt, a. a:t ,::r :=.mo. 'c. m1:t. -i;yp -to'l·rel .• "J~S Ui:' r;] ,.j '~h 

t', .~~ ~~:L1Jj1;-X\ t (fig. 1). c~)£.: t,lJ.r80 sk:.;'or:. Ct'.Uqtic .m.pply ,y5t'"m 
,1.·. 1'. '..1,_· . "I~ ,'1 Jc·t ",., ... <'~ ....... c.'l "'0 l'''vC'l .L'", r' ·'·~·r 1", '" ... ~.~} '·0 ... r" , ... ~..
 .'. - , . I,..... __ \. ,~~ ., . 1." ....1.['" •• '.J" lJ .>lJ (. \,,(;, J .1.. C, .,. ,I. "',,, J.. u .. 

.~:., ", '! :)C~. ",.' en l;ho O~\.L\'fJ~ ,~.l <.,n,l :$)). n!ot~, mL·.i·, 2: \., the cnu.,M.e 
~ .,'! :1, ". :':-" .-11'''1 ho', !~3.Sl;f,l ,he f.prt':y rh ..:: :1~':e'~ion 'GO c 01 f',nll ~ "011 

.~. !:·-):l'oGi.m, "luoriclc; ".nJ. -ell!) :1;O,;rel' U\l,.,·~:tOl to 6.b·ol''b t!~e 
-,. .• (. ~ ',~,... r- ,oJ, .,., C ~ ., "l t"'l ro. •• 4("\ 0 "1 d i" t. . YiJ ...... t:'\ 1't'1 .. ~ At 1r.: '"'.. """"'" (1 '""0 '" " I.. ~ . I ~_. 4 ~:)\ ..... I.;)" t,,_H 0 't-.\ ...... c:. 1. .).i. J. volt,.;:." Lt'.:,f:J''':' ~'rn.."",;t Ch'tJ,,;·:\c..·li.t.\ • J.. 

,'...... :)'c-;,' ···:lrL1.st :tluor:h:.c-";.l!lmonii . oc1-~G';J, p1'G-lnch il.ncii '.'J'-' dBG1r{i1r-. 
\','r ':, -('h!,) 1 \)-p<,nmcl.f; ,T'\ ,,'e 'ti'!'dt unG-i,'.. i ''V'~~EltlG ..H n. T.n ~i::l·l .• 

;, t .. ~J : .:J .. ~ G \;t.1':'t1t:~. C~ i:zJ.jec ';ji l,,/t t:;(,y~ 't ~l t·;·&~ Ct ~~i{~lj.Cd. '~Q b ~ 1"j,12.t;.:.11et1. 
..1 :,.. :: (J):~:.~~.~2fJ~~ ~ist [-:"8 :"). ssi"blG t l1ttl!;-:1.~rtg .thr.) l~i' ~tlc 0 ~rG'Y" 

~~~:r .'; ~~ ":~ 1_~"':•.1I~-S 0 ~-Ir.·o:.not 11 rr:.:Qi:l irCt~90ri z: .tl tJ~ ;?'iltl Z1.~.zin ".~\ 

• ".r;' .~ < y,~'JI'0 efi'iClier.,t rr.m,)yal of the' by(h'0t-:; .7. :tlu.ori\l~.. A 
....... .,
_. w '·;,.~,I_:" of th,"} 5'",F, ... c;;(;US and. ~.£ GC:.J .._ lin:.> . ·t8chni o:u <) i 8 (;lYCL in 

'. . . ,;':-:-::cJ.ts oDGz,:i.nnrl -Co C~.;t.·~0 ,;~~'a C"L"':L::,-_.·5.~,0.,. in. 'i:i::'!:~lon r 2.T!.d. ......~ 

.. :~: J. rc:.:c \ utilizod. 2. ;:),: inch (linmat·,..·:: ii, .... t \"Ji'i;h 0, '.; :(1'; I~~C:.~ 
:.: 0 1n.::i ·:;.n. i:n ':;-:..12.JJ-g r!'CI ....\l t:"~1':'lv 

__ .J. 
-L~·'''·(.\l:'t_!..' ,. ~ 

'~t'"7' ·~';c.·1·)· 
~.. u·~ "') sr}'...... -:l"lj"

L~J 
}",,\'.'. ~ 

f"·1'.... · .. ,· _ ". .L .. -. 

1~. ~~·i~~t ~ ~ rasultod in the l'Gr.:lO ;':.1 0'<' 'p~'oximate ';y' ::..11 ",:, <) 

:1, j1 .~ ~.1 ~ r::; ;.:0 ~ e :i'11'~·,-:~G t .. '?.-lC 'O~[ 1 om.l!!l'G1c flo,;·! uoed. ',f, ., 

..... 
:.' ., 
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'~. 2 .. 

·:")..l,'c~:1J..."t~~:Ly "!.!'I~; U'...'i.fj·;)_ F;ACOla. oi c·\j!j;Hc 1!t:n:"ono pOtll'1cl L<"::(' .c,::o-:lc1 
1.:/J::".i.:i"':! :l'J.o··, l'o./J,b./'4 One tt.,n ·t;,~ r!1[',(~J' llil.hout tu~ \!El~_ of. a')' .~.i'
 
.l '~::tt.:~:):l:' (;on I"nl't l';::, ltrJd in () .~()r,d.il'l+.:;l lr~l'g:) 01 lAlla 0.,' t-· tJ .•·; (:dl,'l).::" ,1,
 
:;1:'1 ~,1 ';:.:---.:: t.V~-"(:!'. Th" nc;::ij l:l.nO ~li')l'f~ r.1::'.d.o Ull"Cl:' t ,(3 sr.:ne C041d.t{;i He 't.:lt
 
·",~.J.';.:L~'; C'::1 [:11' rcs{;ric'i.:n~ ou th·:;) Quct to r8c1::lct:; the 9.u:::nt1:b:l (If c.ir
 
i~:'-~"l·... :~i .. 'Tc~"y s"!":l:=1,ll (";,l1 .. l·I~;lii:!.O~ of '$ e,JJ1 ,ftl .. '"' c/os(i.."t"vcrl to ~=,:it f:"'O~ll t~·J.
 

.:....' ·:.r:liC~1 ,~cy in2.:lc~t9 the ad-nl'cf.{;J 01 (!c .i o ' L'lr; a. C:uc'~ :::;~',,; ".c;,u 
i:;~i';"-' :i.,S':c:lng In';ov:Leicml to preve.~'u or re<1c.cC';; ,.. ,.: ~. cJ.uctiol1 of ~i:C. 

. . 

)~. ~'1'~'(''') rtF!. \'1:;"8 _,:lcla in' tho 21~-inch duct u.dng th~ f:L~' '1; t·ro 
- .. /' ::: ') '.' )..7 bon!'::ill r;·... ray l'lnc:;o) IO ~ t 1, :1ntro '.llctiO::1 of' ,2 t 
C:'~ ' .. 1J f';,.'.L...L'V 0:0.. A tot",l of ,"lp_, ro)~.-t;nc.tely :0·10 :90'l~'i1(lg J" , .i-"'(~lr:1:.,. cr.,tlsLc 
·:,.)j-:~:(::l ·,,,..... G u~.~<)cl.· A &J.o s::.mpl0 r::rl2,lJsit': U-?P o'b'l:;".d:li:':C1. :J.V.l· ~"'o·tio.1 .... 
;:::. 0,'- :.:" <1" cl S..c';;1.on :8 in 'C218 c';)co~Hi :l:11~. rELc Z':jr,-ul t" illc1.i c~ce CJ 
:-·,~f...,:."Y(~.·~)·t l'l.'Q ic18 ga.;] c~)ncentTatioll of r..'p~_··o):i~n2.t~ly f~55 ?:Pl~.' in F:.:cc~1.on!.~ 

~,:,:,.'~. ,- ... ,:~.~ y~o ~-:.. =.~ in , 0ci:.ion 33. Th~ air rl.'mtrictor on,e) \'J<'*5 ~J.::i..il f ,'!! 

Jl.}:~s; ~C' ~~(t~ ,sj.'lQ all sucC i.;,c(l.in.g runs in tillne}l t _eo d:c..at ':1 l..£j elu_loyr.. _e 

r.: • 

I. '1:(1. t~l1 ef'fol't J"o obtd.ll O-..tt8!' ,,!.inng md t.:tac):~el' re.c·c2on timSJ
 
, ..;~. to1.0 ""i'-1.1~;,t1csolutip::1 2" tho h':.t e:X':-r.;u. t gus, t~l~ !-"lctho:l OJ:
 

i~t;::-o.~:;:-tci!L; the) c<:mctic '\.;"',5 c' .. god f'1'C31 tho S..o'""Msy.' er '-'0 " . ~)t ":. ''":01
 
. " :' . ,- .......1" ., 1) r::, ..... . '" '. 1 t .... l' ....".

;.~;l "::.. _J.,~ , ._. -c','.> :t""w'lfJ ,:'0 <3 m:.l.\.l.O 1l[l1n.;?~ on y ..'le :J(;J',(j 1<:W;;.l :J." loll';; 

;:~,-l;)·.::·t r1 "~,,. /1. 'O~ to:.; obtt'o!! el u."1..> c. 2 pore ,a'~ <'untie f 0>1' (;f 

C6*~:? 1~.).'1';'" ~.·1,1i.'~~'';G hytJ.ro{;c fhlOl'id. cone l'lt"'at 0 0:\'1.' in 
S ::: ;;.iJ;· L ,nc- 212 P?ii in ,), otiO!l .• s:ll.~ GOC nrlrUl1 2 percent 
c:xs ;L': L~l. of 6J Ib/lb ::'u'liC?:."Ld. 8. fIned d(3 COile of . 
Z:Jl _.~. ~L71. ~ J.! ~ '~'~'l .,l 2.11cl 332 ;?:,::·1 i1-;' S .c·~io~' 3. 

'(. (\.~,~ a. :,v ~.·U:i'.'_ ,. ",,"8 "'-r. a.~ :til. tho 2,·:,-:i.l:l du.~ t to ho hvC!J:'o{':0n 
fh.'.~ ".,.~ CJ~r:"';1:;:r ... t'.mi i _ tht) ~..1,C-;; 1rt·~hl)u.· .(;' •.3 tl.~oO I) ~uj)tic olutlon. 
'.';., ·· .. J..ir::'l1:~ i',-,"iC:"l't,:J" tl C nc,_,"--J;l:"·;:·i011. of C,:':;? en' c~toJ.y 90tOOO 1:~::t of 
:(/11',;,':. ',. ~:r,I"':" ·~t'!. ".1.::,101.11::\ 'ion}); :fOT ';1:.:; lOO-p("/i.mi' h.. '\H~" rc.' -. :: €,11f., n, 
····1 :'J .... ',:! ;;:! .. ;, :'i. i) ~~ cl0Dn,.~ l.tLt; !:JY:';·:·:':~ (0.-c:J11.G:1 OJ'' of .~t).{.1J.l'lJ'C: fo.,;.''!.,' ~!u 
·;-l·~~J:·~'. I.n C~l ... '.I"'.·,;,~.::'""··r·bio:i'l nl.lli1.'1 . b~ l... JO"l.:'L ~t Dtono :_,'1-:. :-;~·"{~;n:1nfl. ion :~ t~.\.u 

("~!. •1:r~~it;\_. )r··:·:::~;rtu.l~n j:lr::'j.C:"1:t\~~.. tb:.'t O..... l~l E'l ':'rf.~~·l H Jium lly rc .. ).· (I. 

iG,::'-1 to ~.~--, c,,11~C'~C'rl "'-.:3 Z' ~:',L, to :Ln,.lic::'·~e (l COl"r:mt:c\':_tio of 
. ..' " ~ ,. ~ _.-:; I' ~ . t- ~ . .- ,'.. T \ 

_ .Y.':'':;· __ ·:··t\:-:':~:ir' .,,),U. U :::.. I.. \. £-)::1 ."''':--~.IC 1L~1A. ..... i. 

:": .. i ~~0.~.lc 6.o~·71'l ·c:~ ... c7.l·cir(~ .... c!'~"b1)illu uz· ·t. c.J.1..a~-!.:'lch d!lct .d'i'.!.e 

.!.~~"',-.,~ _,i.""'", .. ~,.I"-'t' C" I. J'~10,,_. ~"1"" "'...;:.· 1'- U<I"of .', ... "'~ u " " ~0)1_1' nc'l--_~ ,.r"·\. h' :mp_ J. 'CE,'tI_ __ C"C·, ,-. _ 0·..... 

!.•.~.:' ..~l·'J·:Ji.;,:; lac.·. (',1 in tho s, .,0 rc-l,"!.ti .. octtion c~;-: 1·:3.j :1~1 t._e 
:;:u,"',. i':I,.,; jO'b ".-1',81 0 loc?·t(k~ (; incheD from t.0 ~·OCX()(; c [~:l:le 

_~ ',: :..1- .. .)': ~:;-;2 "u.s r-:d. for thO:i:'r,r..?..in'lcr of thE:! l~'l!;l (lc to I. '" t8 '.d t~'l tile 

< , 
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S-incn ~nct. Soveral ~~s were m~dG using 2 percffilt cuuztic th~oU%~ the
 
J$'G ',;hee1 c.TI.(1 r/~rultecl in a bydrogf.)n fluoride concentratiol1 of 89G l??~I: in
 
SGc-ci on A .;:,no. 205 P?!~ in Secti on 13 for 8. oaustic flow :rate of 86.3 l"D/lb:
 
459 :~~~ i~ Section A 2~d 205 PPM in Section B fora flow rate of 85.9 lb/lb:
 
c:.:;:<1 98[; ~~':;;l in SGc-;;ion l'~ alld 4-)1 F?::1 in Section B for a. f10\-/ ratGl of t
 

~2.l~ rn!l"b.
 

s. I~ 2~ effort to reduce th0 water re1airamenta fo~ the rcmo~21 or 
fluorlil.":~ t~1i) concentration of S)o'c!.ium h;y-Jro:rlclB 'h'C,S inc:rc~scd. end th~ total 
~'L - . • - ~~ ~ • I.~. i t· . t· .. 

, I 
,I
I 

i. '~. I ,;:;.:: <,...':,1'::S'v_c i;O.L1lv ..on (leCr0a~$Cl. .by :t.D.Cl"C'al'J ng l1e conoentl"a. :loOU 01 

soci.i'G.-J 11Y';.1·O:~L~~" :t t V:~<.S 8.zsumad tht;.1.i r:>.oro offioiont rC::2ov31 of the hyd.rogen
 
fluo,:·l·· ..; gr.t.s could ba obtail1ed 'by th~ formation of sodiU;Q :tlttoricla. ~ii1:ih
 

th~ U~0 of highe!' concontratiOIl.d of r:onium h:,r.irorld.e, th~ ~N~~'~(}of"
 
<i.};r~rt"(~c..:.r: J) n·",.1.t:i.t:l~~ of GOd.1um f1u,orlu.e in the ~p1i!\~ botiilt:.lCi \'Jould
 

I:l:' .• B'i'1 in c·:;:t:~(lIUGly high Vi-lu., ~I of fluodd.o c ntcnt Hhic could not bo II 
l~C)O:r:t~. ;.< :.J"~"~o,:::: fluorl' (;I GI".a. To pI'event tho pos"ibl1ity of cc.-ptu:d.ng I 

-ch(:! £olid t:;(i1.u;n fluorid.e p~.Lrticleet glass "':001 cou.pled vdth J)J.ttco. glZ\ss I, 

:1,
{-.~ 4, '.. :"'"lO~ ~.•rorG i}1Z t~~1·1o-d. 'bett/leen the "cluc·t m-ld the se.mple bottle. 

~ .. , 
10. T!1.a--r-:lr~s Hero 1:'2.<10 uC3ing 12.S }Jercer.d; ceustic vi.th the glc.ss ',1001 

J.' 
I 

. I 

filter,=; i:';ccC'lJ.BG. 'be:fo:l:~e t.,1@ g::;,s collt,ctio!1 vescel. ~he first 1....\.L"1. inCi.i"o[';t0,1 , I 
.. \hyirO':::;-";l fluo::-id.e g8.C C rlca.1t~:ation of 87.2 pp~t in. Section. 1'. and 16g FPI·1 in. , 

S~c·(;io'-.'."·,~-:it~'l .... totai. flOH of lW 10/10. Udng a total floW' of 27 lb/lb \' 

of th_ 12.5 percent caustic roculted in a hydrog~~ f1uo~ide gas concentration 
;, 
, 

of: 153 ?:;~: in ;~'~ct:lOl1 A a.na. 159 l??~1 in Section B• 

.i..:.• C:';;o rJ.::y runs 'tJ'i2Jro mad..c in the e-h.1.ch iluct ~~nd r~su.lted. in a 
hY('.T0g':;~1 :f·lu.ori(~;J geoS concent:·atiou. of 185,000 ?_ ...i in. Section :B for tM 
f1.rg t 1.~v.:l puo_ 350.000 P:?l·t in Section :!3 for t:!.lr:: second. ru:1. E:JXID.1nation 
of t~.e sf'..Dl?li1l:r, p:(·:,bes ai''i:;or ('1&.cn nm. Shov."c1d. the :four tuDes of Sectio~\. .4.. 
to bD 'i!81..~ , ;::'b.ut and the 'b.ra tubes of Section B to b pnrHally clo~:cd.. 

12. ~liitio~ol rlliLS ~~~e necessary in orao~ to dotermine tIm fol1o~ing: 

( .) cr't1" effeot of tho gl2.s<; filters e\Z1d. gle.ss senrplitlg 'batHes on 
thG possibility 01 ~Ds0rbing nVd~oGen fluorid~ gas 

(iJ) ':'he hyd.rO(;0n f1uo:rider;-cc conc~n'\;r8.tion in the du.ct uno.el'
 
COl1Cli t ions of t.ontl'olloct air ind.ucti on
 

({;) r·:H') h~Y"cl:t"oben fluoride g2.S cono(;'nltration under cOllcLitions of
 
variable w~ter and cnustic flo~
 

(d.) r::ho cO:lcentre.tion of sodium fluoride eyJ~.t!u.ating to the
 
B.J··I~os:phcrc nnd cont&ined in tho ~aato to ter undtr \.:l
 

v<~T~OUS ~p~rating ccn~1tions
 

• :j .11 I

, I
, ..I 

I 't' ,'. 'Ii '\ 'II 

• & •• 
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13. Cono1ttdong~ 

(a) The usc of an ai~ restrictor cone to reduce the ~ualltity 
. ,of air ind.uced. into the cluct e:p:9(9a.rs to ba clesi re.ble.	 . , 

(b)	 ~h~ prindple of concentrating tIm introd.ueHon of the
 
c~u$tlc solution ~G clo~o to and at 1ar into the hot cons
 
of the rocket ~m£1:U.st as posd.bls ra.ih~r thtin thro'll&~out
 
trJ.9 entire length of the Quct should be follo\'n~ci..
 

(0)	 Tho uso o~ tl. hiehly concentrat(!d cc.Jllstic solu.tion is
 
d0zir~blt) .mel choulcl be errrplo~recl.
 

1.	 At o~ual ceustic solution flows per potUld of fluorine, 
concentrat(3d sod1um hlcll"v:r..:i:d.e ~o.bovo the thot>reticcU 
requir6m~nts} solutions are more efficienb in rGmoving 
hydroeon fluoride from tho gas stream. At' a flow r~te I 

of eJJQut lW los/lb, a 2 pe:t.-aent cP..UGt1c solutiol:'f, ,
result ed in a hydro~en n\lor1de go.a conCCfl.:'ltr,9.tio of 
e.ppro:d.~tel11 600 P?~~I· "",hila 1.\ 12.8 p$rcent cauetic . 
solution. resulted. in $.l, l~·drogen fluorid.o {;3S concontration 
of 120 PP1Ji. 

'! 

,

I 
,I 

2.	 :Lncrot.sing the concen:cration of' the caustic solution
 
reC'..!lts 1,in a great deal lo",~r '~mter :f1o't.,rre(Ll.lil"~mcnt
 

to obtain compe~able l~drogen f1uorid~ gss conccntra

tion~. lor & gas concentration of about 120 PPM,
 
the flow requirement usin$ a 2 percent caustic solution
 
is a?pl'orlID:ltely 100 rO/lb whilo for eo 12.5 percent·
 
c~ustic t.olution the flow requirement is 40 lb/lb.
 

, 
3. Increasing the concentration of tho c~stic solutio~	 l,

\.
Itresults in a great deal lower duet loneth reT~iroment.	 t'l! 
",;

Using a 2 pcrc~ntcp~stic solution rcs~lted in a dif .,'1forence of abo11t 600 ?~JI~l in hydrogen fluoride gas I.' 
concentl'2.tion bC·;j~·!cnl1. the two $~.nJ?le stations loc~.t'tJcl "( 

g feet apart. Vith the 12.8 p~rcent c~ustio solution~ 
., 

.1 
' 

the ~~me nYc'i.rogon fiu.Ol'ic.s gl"'G concen.tl'atlon t,;-t?S I.
, I 

obtfdncd for the t~o st~tious. '.l.

/	 
./ 

The ~~0 of conceutratea c~stic soltttions r~qVlros tl~ 'QSe of
 
EJ<f.lipment to l~C'".nove t.'l9 solid so('l,i am flu.arid.tO p?ri;ic10E:
 
Doforo e~~usting to ~he atmosphere. Studi~s shoula b~
 

~:.do "to dotol'miae method.s of rCIQOv:b1g solid. p'&.:rtic18:;
 
fro~ G~g streems. (Cyclone o~ vo~turi soparatol~).
 
Should a dilute solution of' crnstic be enllJloyod. l>5. th Itcrr;e
 
01.1:::11 tit is s of il'a.t er ~ mee.l19 0 f removi n.g the sO 0.1 U1l1 fluori de
 
fl"",)TI1 .the waste ""Jatar should be dCV(i~loped ;;;; permit recycli.ng.
 

~~I1I/a~' 
• I j ........
 

't, '/ 11' 
. ,I,· 



1. HC:tl1:'c 1 is 2. <J.i2.g1-am of' the bo;sic GcZ'u.bbi1'lg system used. in the test 
pro~r~m. ~ne SystOffi cousizted of a 20 foot duct v~lich earried the ro~:~t 

(;2~b:'.lH;t from tha engil'li) to a d.isk end donut type 1m.fi10 tOt,fet'. '.:lhe to'r;l)_ ";':".3 

7 ft. G0U::'::':~ l?':''1d 11 ft. high ~d contained a r.er·las of five bc.ffles; 2 Ciisks 
p;'i(l 3 cl.onuts. '?he cs.:uetic solution ,·;as prepared in a 2500 gallon 'i;2.nk 8.."l'J.d 
2!:cc:::tm,:i.'8 fod through orifico flo~'iTIleters to the vuious sta.tions in the scrn.'bbor 

2. IniticQl;"{ Go 2li-inch di.?..meter duct H~.S used. for tho €J).--P0l"lwcntnl 1"/1):;::;;:.
 

~h"l n :tf::"G i:'Qrt ~ras macle ~:ri th the 2 foot a.llet located €.]iproxirnc ....tely 12 fron
 
'C~'l:J '-oJ~~l:("~ en{':iuc. For the £'lubsecLUGnt runs. Hl air restrictor CO~l~ ,·;:;.s'ad.d
 
tu t!.:~ :':Uvt ':;~:lch -orcaght the Glltr:mco to w-:ttm.n l/tbinc..."'1 of ~lih..~ CllginG and
 
rotiuce ~ t:i duct an. tl'WC6 to O:PPj,~vrlllli:l.tely 2-3/~·1l diC-.Jl10tel".
 

3. ';£:ug"uic solution (sodium :h.yclroxide solution) ~;a!:l ~d..ded a/Co two 8to.tions 
in th,~ C~'·(';'~. I';:"l~ first station located about 2 ft. fror::l tho E1ngin(,!l. cOi.lsistcd. 
of -,-. ";'"';"'7 0.,:::- of 2 

11 

11 i)ipo, 3 ft. lo:ag~ :2be pipo i'fas placed 8.1o!"~g the d....C!t 
~ ~·"i" ',,',';" .,' ·qi''',,. ~.l,O 

Vl.j. "'u ~ so'u"'ion
\I - • .L t'..7~~ - .. V \I 

Gnto"" 
J 

"'l10u. ~'" et"eam tJ:"rou~-;" - ..:.:r" 
~O _ i:Q;.::,~;J:~.U ~"J c"'u"'·\.ic a 

e
series

'-"._\._~ ~~. 

·:H ·.~H; ,",=\ l'~"~,-" d alOZl{:, the pip 0 length D.n'l 8,TOUllQ the c lrcurofe1"'6ucG. :Cnt:il 
~. :I.~ j,:ct:i.on station. loc",t~d ~:?lij,'ox1L1<;.:te2y S ft. dO'i>!nstream of' the engl\· 0t 

(:.;, .. .;. ~tc-:l "jf(;h~~ce sprD.Y rings ~:bout Ol1e ft. :P~l'U ",0. 'Gh each ring containing 
n cer:to$ of :"":0:i(~,rca, spr::.,y nozzle. 

i~. L:::tcr a m.2.mber of 1"",J.n3 'l.lSing the canstic solution injection systens 
8.5 descrE..:ld p.,"i:;ovoQ ~n e.d.di Uonal 2Ystem we.s ar7.ded to the cluet. TM mothod. 

.... injec~;ion C011Ci sted of introducing the, C~J.1s·~ic as clos~ to Dna. as fal· into 
the hot CO!!8 of the rock~t e~12.ust as possible. 11 trhcel rna-U.e of a. 1 foot 
d.iC\.B8 tCl' lTln.nifold h;;;.ving eight lIspol:estl t Ij,..ing clong Elq:uelly spEl.ced dia!<l~"~er:;i 

\'!3.S U2-(-lcl for introclucing the ca:uGtio 00 lut:tt'm. Tho m2.n1.fold i:.TaS. Dl.?1rle of 
~ -inch tilj:ii~ ~nd thl':'! Ii B"Oolces" t-rnich \VOX''' ucld.b(l to the I!'~'U)!iold ticre ot 
.:.le>tt~n:.::>1. 3/~:'\ stain10:;;~z-steel tubing. FOUl" or the spokes 1-lara 511 loil,C:: and 
four 4" lOH~ ~~cl ~:ej~O alterneitely.o:;tti.oned on the iIlsni£old.. (SaG fig. 2). 

looM5. Thj fin2l soriee of ~csts ~e~J m~ e in ~n eight-inch diamotor du~~ 

·.:;L1.S C'A. y t~ ,iet l..-hcel u.3 the injection s~retem. }:t1 air restrlc"~or bone 
·::):~·ou.n)-:.~. tC:J ',"::1 trC..11CO .--of the duct to ~P~9l'(l]:ira~tely l/l~il of the enr;ino enl.i 
·:!·t.S ,,"p'pl'o::il!,:~t .1y.--:e:':'3/4 a in diameter a'l; tho l~~Gtrict6r ent:l:'DUco. .otogre.phl'; 

..", """";"''''60(.) \::.;0 .!..0 •.vt'"h.~......:. "c->:t..,; ......~......
1
U4.l~·""·"'r..--' "-s.J.emU '""'""'r'" 5'1..."i.!0 """,c.;....J.. . ' ~ ) .. .l.r-jl..A":'C 3 ~"'nd. 4• 

6. J",mplo3 of th0 g8,s flovine throug,h the duct ~1ore talcen at '~h~~(Or~ 
diffEn··?iJ:G stat:loas. The firsrt s"1ie.tio:;: ~'.'C~S loc8-t0d about 9 ft. from the enGine 
£.li/i tho Z(\CO~i.( st2.. tion approx:!.rn.':d;01y l~ ft .. from the engin0. The third. 
s'~2.ticll) locz:~Qd e.t the very to) of the to".J~r \·.'<9_S used for only t~,,·o runs. 
DU8 to tho::: 1:> -"Go v01UElG con.ttt-il.'lecl in the tOvJcr Mc\,;ion. onlY' tvo 1°U-'1P. ~';cra 

r.'l3.c}.G in ";"i:llc}l the c~U$tic Eolution lff[:~n addecl to tho to\\I'or soction. .After 
th,,~; rU".1s, the to~e~ door rras lEJ:ft open, ln2king the further tcl..'i.ng of top 
t~',"'Gr Co', ... sC:J)l .. s of no va.lue. 

" I 



:. 
-. ?h~ scmyles ~ero col10cted in ~~acuat0dp two litor glass flasks;
 

p,-o"\.'i r cd ,,;;i th gl~ss stopcockn. A remota opal',~tlnb "elva '\;r~8 locate:l bobreen
 
'd!;) S?:.'~)~ iI':[; pl.'ODeS t;.i1(l tho!) :flas!t:. Each ~te:Cion lk"'l.il four :probes, . ll"o.B..11y
 
G:~K·..JcfJ.. clone 1), diamoter of the duct croG~-tection. The probes t\icr(}
 
li~i:'..:l1i :"old.od bofort'J the oper~til1g valve_ In thi s ~r..."ler. en aV0rZ{~e ~a.m91~
 
for ·tll!) c:ro'~~~-~cction '/119.0 obtained. A vacuum of :;;.t lec.\3t 25 11 :Hg \\'C.S
 
f:ll.:.i::.•:t:o~inc:i ir~ the s&.:1ipls 'bottlcs anrl system up to theJ remote o1?erating
 
YD.lV0. ~.Dp:t ,::imn:~ol;y S sscou(li:> c>.ftcr the :rocket i"'Un. Mel sto.rted. tha
 
vi~l :::~ ~,r0re opened. &"'ld $, se..mpl0 collected. in the ;:f'l~sk. Aft01' about
 
L. sccoclc f the ~alv~s w~re clos~d. ttgrl'i.n. h'h.en the roc1:~t rtUl \-tao o,rel.".
 
th3 8topcockc on the flcsks ~8re closed ~nd 'the fl~ek9 removed for gas /


..t'~l y~i n. 

s. C:1"2:1.tm,',mt of' the gss Si3,mp10 \-1a,s b~gu.ti: t'1i thin 15 minutes after they 

I 

1,' 
'I 

\!:'l1,"0 -:;,'.jJ::811. The pre3zurlb in the flask l"I3.S measured after VJhich 10 co 
I 

I.01 a 2 PBrcen. t IJ~ OR sO luti on '\1103,S !?i1.d.ed to the sal1rple.. The flask ,,~..s ro-oeale:d
 
~..ncl E,t lO3.ct -(;,-;0"'hours '\i"ere alloT,'leo.. i'Ol' tb.e cG.untio to a.bsorb a.nd neutralize
 
1;:18 ~:.y<il'O~e:.l fluor:i,de iil the samplo. ;;LlJ:1a same o.:uanti tY' of 2 percent N OB: I'
 
\·:ac .;:u::d for th8 initicl bla:r-Jt runs e,J,1(1 'f.·ras found. to be insufficient to ,I

I
 

~,·ut..!'<'lbe tall tha Ili? ~.n·eseut. !;.:pproxioately 50 co of a 10 pOl'cent l\fa,OH
 
::::olutio::t ·i'.~e U80d fOT thG ble...1k rl,U'1.S tl1et follOit/sd. After .?bout two hour-~ , '
 

or l;J:;:C'8. tl:1 :1::!.!1plos t'lero tr611Sf(7rred. for e.!'.a.lyl$is ,0.:0(1 the cempling flanks .,

t-:a.!:n~,l ~{Hb. distilled. W8.:GCl" ~..rith tho w·2.shi!1~$ ad.ded to the water. ,
 

I 

9~ 'rhe ;:;'TI.3.1ytic1?.l mothod USE/d to deterrain~ the fl"tiorlde ion COfi
','

cG~tr~tion in thG sample is similar to th~t described in refercncG 1.
 
':r:] c :~·""5 ti c ;;,rj,shlngs ~::Cl'a Cbllcent r2J:;0d. to cq?prorlma:td;y" 25 illl plt'.ced. 

,I"
1 

i!l'~(J c;. d.iatilbtion flask toge'~h0;;' t:Jith Ag2S04. stlicagel and. 25 m1 
Iof 70 perc8nt ~G104' 100 m1 o£ di~till~to were t~~~n oif at 135Q - 1400 Go , , , 

~::e~?t 'basic to :ghcmop21t ~~lein, noutr-8.lized, b~:ffOTEld. DUd. ti tr[1,ted l!!ith I ,I 

0.04 n ~h(lTO~ hr.- Suf:icien:t blen1r.s ~a 1I1m.o;t.:'lS11 i'lero llln to iwlica.t·,) I,
). 
r·ch .. 8.ccu.rt-.C;)r'"of tho (tetennin~ction to bo of: tho otr1oX' of 2 percent of th~ 

2S10,,-UG d.etoZ",ni21ed plus 0.010 tJg (the Mnsitivi ty of the tnethoQ i 9 f'J.lou.t 
• ,I0.01 .~? (:;D.(l the ~CC...U'MY about 2 percent of the t<.ltOtl."'lU a.~terminod). 

, I 

10. it is bcli~~~d that the sa!~)le obtained is quite r0prc~entatlve 
of tll:'! e/.$ flm.ri~1g in the (bet. r1ntl'a.:i.n~d l:l[..ter (Ilro'ple'~s) \:;orc 
-:L:,!.:JL1:' t"cl :'1.''.1" t;1.0 0 'nple Dy :pest ·tion1.:n,~ •he ss.mp1illg probos Clo1;matrCd..l11. 

! run8 .1I),ct... UC'l r:' ~oneE!ntr.!ltion~ of Cau.~diio ~.b()vo 2 p0rcp.nt. {;le.co I'jQol 
1':1 ~l:J i:;Or0 l::llt:.c (1 'to . ~O' the ~ Ttl91L..g iIn!ilo to prs'V' t the c()llcctior~ , 
c-f solid. SOcUu:n flu.orld.e. Tho .timo fo~ tho sampling sys'te!1i to go from ,I 

a :'TGSr.1l:-0 of ";25 11 fIt; to 011 Hg- /i'!as2 zec()nd~~ fo~ t:'lS pl£.in sampli1".g 
, , 

sy[:tCD) 11· (;loconds' fer tno glass 'Irool filtor syS-G0ffi. enc15 seooc:.d.s for the 
,,:;lsfJ3 '.Joel. f","'i t'~ed glass sampling sys·i;em. Tho aVt'n"a(!,o contac'\; t1m'3 of 
tho GQs ~ith the glaSG Boolis about. 106 ~ 10-2 soconds inclie~tin6 tho 
im9:>"O(;["bility of eo reaction' be'Gwoon the !IF' gee e.nd the glass ""'001. 

/ 
./ / 

..... 
~ ~ 

l.ila..·. 

, ' 
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nV'R LYJjecti-on Press. Press. 'rCL1p Te519 Temp f£emp \'IF'; Cc:mstic Pexcent ~lg.§. An.e.lysi s es _.:-:-:~,- 1 2 3 lj. cone _, J 1 2 2 ~ .....solllti-on caustic 'ri'lou I'!;j! 2 . A B ..- h::;r/A 
~ 

; n fLO 0. ]i' op o "O"I1J<' OT,;lij' .!:J.: .f .flOi>! Spray $Pl~7 ~over Jet - . ...:-~ in. H",OI'c/sec 
c.. .fuy tfet Dry llet1'0/ SOC b2.? rings Hheel
 

F 1:ru.lb lit.1Ib 'bn1b bnlb
 
'~ 

,.0·312 ~JSG ~ 4 21l No 1mal.e. 21.9 22.1 22 NQ X 2.S No Beading 
.313_ ~-6{)- __ 1~ 211 . No Anal.& 21.9- 2.2.1 22- No X -.3 
.4106 bO;~3?' 4 0 ,c.. 4 qI .,(t

S:"':4~ 13g;;:1 20. 20.5 2.0.3 Uo X X ,, .-L fO 

.3566 49.9 2 11~O 85~ . 1) 27.3 22.6 no No 5·3 4.95 360 1~-9 96 152
 

.3354 50.1 2 152.1 }bo. .23.6 26.5 He no -5.6 -5.0 310 11+6, 86- _.
 

.3908 23.7 2 59.5 953. 1023 23·7 no No No -5.6 :"5.0 
•351~3 23.7 2 67· 5]2 586 23-7 No No Ho -5.7 -5.1 ". 

.3elO 25.2 2 66.2 252 212 nQ 110 No 25.2 -5.0 -2.9 110 115 1;1.7 95 117.0 
,",r)'lh 

e· cal.';J 23.6 2 B3· 261 332 no no 110 23.6 -5.2 -3.4 100 103 120. ~103 26~.o 

ITo o 84,800° 9S,9000 1;0 JIo lfo No -15.1 -5. tt , 
i' 

2,I~o vacuum mdntdned on sample -bottle 
1lLost s~mp1e in distillation --~~
 

-<
 
c O:D.1y 10 cc of 2 percent N.., OiT ad.cled ·~{hich coul.d initiceta a ID"nmurn of only a..PIH'o;'.:imately 95.000 FPa
 

'" 
'-. 

.-~...... 
". 
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':- -~~~ \ 
-

\ ,~,I 

C~ustic Percent 
solution cqastic
flow 
1b/sec 

\'Tca 
2 

...--

2 
Z 

5.26 
5.26 
128 
12.6 
12.8 
23· 7 
23· 7 

F2 
flOvi 

Ibl sec 

0.3016 2t~.2 
.2174 lS.7 
.5566 23.6 
.400 24.8 

.alT 18.7 
• 350' 13.8 
•WHO 17.6 
.3705 ll.l~ 

.3765 10.2 

.358 6.5 
·35"1 5·0 

·500 Dry 

.3810 D.ry 

WC5 
~r:;-2 

J 

3 1 

S2.'Il'::>le P:t.'oss. 
~ 

:B cone 
, H 0 
I'd. thout in. -2 
Filter 

AU;;l.1ysi s 
A n 

-0-- In. 136. 
9000 oooe 

o 202. 350, 
..... ', 000 000 

80 3 CC<9 r 
205 ' -10.0• _.V t) 

B5.9 459 205 -11.0 
42.4 9&~ 431 -12.0 
62.0 1405 52'5 .-6.0 
59.0 322a~ 4750a -9.6 
43.2 240Da 2450a -9.7 
39.9 8Y.2d :.67.gC!. -7.0, 
30~g 

27.1 15'1tl 159d 

19.5 lCtd 95 t1 630 -17.0 
14.0 __b 22gd 8390 

Press. 11cs 
1 ~ 

,.~ 2
in. !I-O-:~ 

A~ A 

0.4 ~g.l 

0.5", 30.1 
2.0 14.8 
0·3 21.J
1·7 20. , 
3·0 15".1 
5·3 14.0 

10.8 
9·5 

-2.35 6.35 
4.90 

Te:op- T8mp Temp Temp 
1 1 2 2 

OF OF 0OF 
'Dry tIet Dry 1'[et 
bulb 1'111'0 bulb trulb 

107 127 127 
121 135 152 " ,
169 164 17f! 
176 156 16S 

189 175 165 
202 152 58 163 
1S0 173 43 
200 IGO 42 171 
203 135 4g 161 
207 Off 53 Off 

scale scale 

". , 

; 

.- · 
· 
, 

c --- -
_..:-_

- : ..,. 

· -

, .. 

aConsiclerable G.l.lD-rz. t.i "', cS of ..k.'Ger droplets were collected. in flask 

DSaffiple valve did n.ot o'oen 

cUsecl 10 co of 2 pO!'COlJ:t lfaOR 

dUc~d glass wool filter 
"" \\" ,\ ' 

\' " 
\ 

-, ... 

\. 
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Cleveland" Ohio 
June 21" 19.54 

MEMORANDUM For Those Concerned 

Subject: Considerations affecting layout of Rocket Facility Qt s-40 
location - Drm~ng CDS 10308 

Item No.	 (as indicated on drawing) 

1	 Qperations Building - comprises offices, instrument center, control 
conter and shop. Located to be (1) safe from test ~~d hazardous 
storage areas; (2) as close as feasible to test stand to reduce 
cost of instrument and control lines and distance between shop 
and stand. Distance to test stand about 300 ft. Location of 
stand in valley provides\natural earth protection. 

2	 Test Building ~ Located for vertical firing on natural plateau 
tEl. 730) about 30 ft. below top grade level. Exhaust duct 
goes down 40 ft to (El. 690) With horizontal run at that 
elevation for large amounts of water spray cooling. Vertical 
riser used for scrubbing exhaust with outlet about 10 ft above 
top grade level (El. 770). 

'Location (a) provides natural earth barrier between test 
area and the operations building and storage areas; (b) requires 
min:iJnum amount of excavation; (c) locates exhaust cooling at 
lowest elevation to make full use of water head for pumping; 
(d) is between airport rurniays to minimize height restrictions; 
and (e) is centered in wooded area for noise reduction advantage. 

3	 AU)::iliary Control Room ... Located adj~cent to test stand for 
observation of cold flow testing. 

II

4,.5,6 & 7 ~i:--:l Pressure Gas storage for Propellant Fee~ - Located close to 
,~'opellant tanks t,o keep lines short and pressure drop low. 

Consist of manifolded cylinders mounted vertically to facilitate 
hydraulic testing. Recessed into earth bank to shield from stand. 

8	 Water Reservoir': .... Located (1) on high gro1U1d and :r-aised about 
10 foot above grade 760 to provide head for exhaust cooling; 
this eliminates large costly pumps; (2) aa clOBe to exhaust duct 
as possibl~ito minimize length of large water feed line. 

:9	 Exha:i.3$;b' Duct ... See other memoranda and drawings. 
~' .... 

lO "	 L::in1e SltU'ry Reservoir - Slurry to be added to water-HF solution 
exiting from exhaust duct. Location (1) close to exhaust duct; I
(2) near road for filling; and (3) at height so that head serves r 
in place of pump. c..:. : \?~ 

i 

I 
I91'0-~~.-(.«)	 ; 

c.'Con ;q:\! -10 jf-"ACIL	 /L/
I ,L, '.11 .14	 ~l 

fi\,,~I0,	 n:v FILES ~~{/f~~r~v~.l . 1.\ 1..,.	 '_'I... c/' I_,J 
........ '~o :.>;:: /~" t,
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11	 Settling Basin -Water-HF - lime mixture from exhaust duct flm,s 
to this basin where solids settle out. Located a few feet above 
river bed near exhaust duct. 

12	 Water Catch Basin - Located at river bed level to receive
 
filtered water from slurry- settling basin for pump return to
 
reservoir.
 

13	 Water Return Pump .. For returning water from water catch
 
basin to reservoir. ------- .
 

14	 SlUdge Removal ... Sludge to be removed from settling basin by
 
truck when accumulation demands.
 

Helium Compressor .. For compressing gas from supply trailers 
into storage manifolds. Located on main service road for 
accessibility and protection from test area. Length of line 
to storage manifold not critical. 

k,.. .". .......·/l'r.'....,iJ·~J"~{,,t;.1nv .........
tI 1t..'1~~ .,.,

-16	 Liquid F2 storage .. By means of ~.ze.P-t-ab±e dewars, with 
liquid nitrogen jackets. LN2 transportable dewar located in 
storage area for "make-up" quantities. Location (1) natural 
protection from thrust stand; (~) earth mounda isolate it 
from work areasj~"'ld (3) large distance frcm' test a.rea permissible 
because of transport containers. Distance from operations . 
building ab out (200) ft. 

17	 Liquid Ozone Storage .. Storage vlill probably be in transportable
 
dewars. storage area isolated by earth mounds and removed
 
from work areas. Distance to operations building about 400 ft.
 

18	 Liquid Qxygen storage ... Permanent location storage tanks 
inth transfer lines to test stando Location (1) is protected from 
test area by natural earth bank" (2) on main service road for 
accessibility for filling; and (3) relatively close to ¥dnimize 
length of transfer lines to test stand. 

20	 High Pressure Liquid Nitrogen Pump and Evaporator ... For charging
 
gas storage from liquid supply. Located at liquid N2 storage
 
because of liquid pump considerations. Length of high pressure
 
line to gas storage not critical.
 

Liquid Nitrogen Storage ~ Main storage area located for same 
reascus	 us item (17). Same of the tanks to be transportable 
for use	 at this location and also at the hydrogen liquefier 
(item 23) and fluorine storage (item 16). 

19 
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21	 High Pressure Liquid Oxygen Pump and Evaporator - For charging 
gas storage from liquid supply. Location forsame reasons as (19). 

22~23	 Non-Hazardous ~uel storage - Such as hydrocarbons, alcohol~ and 
arr~onia. Location (1) for easy access near main serv.ice road; 
(2) away from test area to eliminate necessity for protection 
and leave that area clear for equipment desired close to stand; 
and (3) length of transfer lines to propellant tanks not critical. 

24	 Hldro[ep ~quefication and Liquid Storage'" Storage in t~ansport 
dewars to facilitate transfer to propellant tanks. Loc8.."lJion (1) 
avray fl"om test area and normal traffic for proteotion; and (2) at 
a safe distance from other work areas. 

25	 Heayy Duty Roads - Must be capable of handling heavy truck traffic. 
Effort has been made to minimize length of these rondsg 

26	 rest Observation Post - For direct observation of engine during 
tests." Wouid contain telescopic viewers, communication with 
control center" and warning or cutoff switches. Location for 
(1) view of the engine; (2) approx. same elevation ~s engine; 
(3) about 210 ft from test engine. 

27	 Further Oxidant Storage - For addi tional stationary oJd..dant 
storage. ~ocation offers (1) protection from test area by 
earth bank; (2) accessibility on main service road; and (3) 
relatively short length for transfer lines to propellant tanks. 

28	 High Thrust Expansion ... Locations along earth bank for same 
reasons as planned test buildinge Would make use of propellant 
storage areas and operations building. 

29	 Lou Thrust Expansion .. Probable area for any 10'1'1 thrus t testing. 
Other areas more desirable for high thrust locations or adjacent 
to roadway. 

GRK:md	 George R. Kinney 

. ,..; SI'. .., •. i.K;' "'t!s:~.	 .! :ow. . <:0 _ Y!' ~.' 
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Rydroeen li~uefier, compressors, 350 EP 
High pressure water coolant pump, 300 liP 
Jet wheel P~P9 300 tiP 
CZOile generator (4.5 m1 hr/1~. ozone ® 10.000-12.000 volts; 

est. 30 1b /hr) . 
t'lL.:r.-_ :,oservoir return pump, 15 E:P 

Compressors (hydro n and helium), 2 ® 25 Er, 50 BP 
Inst~ument power ' 
Lighting (office, shop. t€lst cells, instruIn.mt.aree., OC)ntrol bldg) 
Power e~uipmcnt (hoists, shop tools, eto) , , 

" ' .. 
l'..ir comprossor 
LiqUid nitrogen'pumps 
Ventilation motors 
Hi co o11an0 o'Q.S tran~fer pumps, 15 ,:!tP. 
Refrigeration equipment 

Present }Teeds: Y.Jl 

260 
225 
225 

135 
11 
3g 
30 
50( ~st) 

25 
10 

5 
25 
11 
10 

1060 

Possible Future Rcqu.iremo'ntc: 

Pump facility, 1500 liP. 
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Hay 27, 1954 

PRBJ~nHNARY COST ESTINATTIl - ROCKET FACILITY AT S-4o' , 

Site preprotion Qnd roads
 
Extension of services - trench, H20, gas,' steam;
 

starn sewer, sanitary sewer, service air 
Electrical power 
Office building and shop 
Test stand and bUilding 
Scrnober-silencer ducting. including H20 piping, sprays, 

reservoirs, treatment system 
Pumps, Dotors and sturters (if re~uired) for scrubbing 
Control room and instrument building 
Liquid storE'.f,e tanks (not inc1. H2 ) 
F,.., trdler p,nd store.ge uni t, 1200 1 @ 33,000,,
Prope~l~~t tanks ' 
Gas pressurization tanks 

'... ',!.TIigh pressure piping. 1i~uid 

High preSSUl"e piping, gaQ 
Lot' J.}P iFl,~r§ ;plp~p.~ 
InstI'UJ."ilentation 
Compressors for helium and hydrogen, 2 @ $1~o.60o 
M~terial handling e~uipmant 

Safety and si~e proteotion 
Gpeci~l foundations,pits and pads 
P~~9 investigation facility , 
Rigl~ preseure H20 system for cooling motor 

Li~uid B~ storage (incl. 2 trailers) .... 
" . . tl2 1iquc!ier 

Above v~lues based on 3 minute runa for all"£1tels e~oept 
R~. For 2 minute running time, less $12S,6oo 
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$' 140,000 

145.000 
125,000 
100,000

I .~:: 225',000 

300,000 
(113,200), 

40,000 
105,472 

33,000 
200,000 
148,400 

49,320 
29.800 
It~ 7)+0

_~.:_:)::i '':" 
275,000 
30,000 
60,000 

100,000 
42,000 

-0.... 
3,500 

$ 2,339,032 

29,750 
122,850 

$ 2,491,632 
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Cleveland; Ohio 
September 10, 195h 

ME?'fORANDmft For Record
~ 

I! 

Subject: l;Ieeting held at Le"\'is Lab oratory on September 8, 1954 to 
Discuss s-40 Rocket Lab Facilities 

1. NACA pers onnel present were: I 

18
Messrs. B. G. Gulick O. J. Luchini 

D. W. Berg	 Dr. L. Gibbons 
D. A. Friedes T. Reynolds 
1- R. Iv'.arcus P. M. Ordin 
J. H. Nitchman s. Deutsch 
O. J. Haas	 L. H. Rieman 

2. The follo~Qng items were discussed, and agreements reached: 

(1) The Operations Building as originally shovm to be a two-story 
office building w~th basemxt was estlinated to cost $190)000. 
A one-story building was p posed of steel panel and steel 

_'_ partition constrJction v.hie _would cost between ~~145.,.QQ0 and 
/ ~~160,oOO. A one'-story building was agreed to be satisfactory 

,I if entry to test control room could be so arranged to dis
courage entrance 'by personnel who vnshed to discuss instrument 
problems vnth' instrument engineers at times wren they had to 
conduct or prepare for a test run. 

(2) The rocket exhaust duct length of 28 feet is sufficient for a 
100;000-pound rocket, however, a deflector plate or water 
~with water nozzles shall be provided at the bottom to 

prevent burning out of tJle steel duct by the rocket flame. 
-----. 

F 
(3) A future rocket cell using the No. 1 cell exhal~t cooler is 

not to be considered in the present design. 
--,

I 

-' 
r-	 -J 

( (4) Tests have sho~~ that water sprays of sufficient intensity ----ir- /~ will prevent or reduce the hazard of detonation, therefore, 
I 

sprays are being provided. The duct thickness shall be,i;{ 
designed for a thickness less than that needed for theoretical ~ 
detonation pressure calculations. 

(5)	 The exhaust cooler shall be designed for a temperature of 212 
de~-~~s ~ahrenheit as the rocket flame temperature ivill be 
r dll::~ this value as a result of cooling by initial jet 
r.i..il' ";"L'.:1" And consequent mixing before reaching the cooler. 

/J	 -'l/"" (-::~ .. '~.:> ',.::'~ f~ ... ~f"A ..., l ,I:; I/~./I' -.:.../.. , ./1., ',- /~ .. ~» ~ ~.~~-A..' ~-~,--f~·r.;" r-r" (/) jJ /.:::..... :.--t .....,...l~........ . .... :',.,,..., _ ... ~ I,; e- -.._) 

I; r! 
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POSTCARS 

Memo For Record	 - 2 - September 10, 1954 G 

(6) The high-pressure liquid propellant tanks shall be housed in j
a ventilated weatherproof and easily accessible shelter. Its , 
location may be changed for economical design. I 

(7) An alternate method for fuel storage was suggested which 
eliminated earth mounds and reduced the required road. No 
decision was reached regarding the proposed arrangement but 
further study is to be mad1. 

(8)	 The drainage of the test cell should have special treatment 18 
because fuel will be spilled in this area and vdll have to 
be treated before disposal. 

(9)	 A reduction in test cell height from 37 feet to 20 feet was 
proposed with an extended or extendable area immediately over 
the. rocket mounting. This proposed alteration vall be 
con'sidered. 

(10)	 A common storage area for the high pressure 'gas (N ) 
was considered satisfactory if there was no chance for charging 
the various cylinders with Ithe wrong gas. The bottles were to 
be protected from the direqt shrapnel path and need not be 

- - installed i-fl----a- vertical va-t:ll-t below th-e----gIound leveb-

)
I

2, He, H2

J_ 30 

j 
/ ........-."~'\	 /'y ......
 J"'0 I) // •./" , I/--:-¥[/ W./nvt(,...-7~------

L. H. Rieman ~ 
I

W~chanical Engineer .--'
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:cc:	 B. G. Gulick 
D. W. Berg 
D. A.	 Friedes 
1. R. "arcus 
J. H.	 Nitchman 
O. J.	 Haas 

O. J. Luchini
 
Dr. L. Gibbons
 
T. Reynolds 
P. i'l.	 Ordin 54 
S. Deutsch 
1. H. Heiman 
J. R. Braig 
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	Cl::veland., Chio 
	April I, 1952 
	/-.E"'~ d) Conference on ?roposed Rockev Facilities, ~arch 27, 1952 
	~\~~bj~~t: 

	1. Present at subject conference were: 
	Figure
	LOPENZ C LEOPOLO
	A. S.i.lverstein 
	4138 W 215TH ST 
	B. G. G~lick (part) CLEVELAND DH ~4126 \1. T. Olson 
	J. L. Sloop 
	D. \1. Berg 
	J. E. Hitchman. 1-1. 1. :a:;YI.rta.7J.. 
	2. The feasibility of locating ~ facility in the South-40 area. \\faS demonstrated by presenta.tion of a prelimina~y layout based on SCheme A. (This scheme employs. dry Gas coolers, gas holders. and ~ recovery or scrubbing system for. the hydrogen fluoride ~~d fluorine.) The estimated cost was discussed•. 
	for testinG lOO,OOO-pound thrust rockets 

	\-ia.S exte:lsive discussion on .the.' safety aspects of the la;{out.. desirable disposition of hazardous structures, aco~tical problems, etc.. Other pcssiOle schemes and layouts\iere discussed 'briefl~Y.. 
	.'There 

	3. The ir.r;;>ortant conclusions reached in conference are sUJ.1lI7J.arized: 
	(a). Th8 target cost for first staGe construction in the 
	S01..1th-J..j.Q area should not exceed $6 million. Preferably, the cost should be a'bout $4.5 million. 
	(0). 
	(0). 
	(0). 
	Design fo~ first stage construction ShOD~d be based on the future development of the area into the fullscale lOO.OOO-~oun~ thrust f~cility. Initial design snould include required featuIes for operation of :~lt:::)r:l.I'.e oAic.ant rockets of 20.000-pOUlld. thrnst. 

	(c). 
	(c). 
	Aesthetic -v-a!uen should be considered in la,y·outs. Models ghould be Dade to denonstrate attractive 
	i' 



	2.:!);eaOra~ce•.\ 
	".
	i 

	(d). Initial desiGn and layout for bud.get consideration: should. proceed from ene;ineering data -,.;iJ.ich a:L'e knovm. and availaole for immed.i~te ~pplication. It was ~.ClclQ'.'JledGed. that changes could be lilacle at a. later time if improYement s in scheme or des iE;n become lQ"•.cnm. 
	, 

	I
	(e). ,. This i!lfe!'s one group. OI test cells vith space allov.red for f~tUTe eA~ansion. f
	Delete test cells not paft of the toxic exhaust system. 
	I 
	I'
	!, 
	,

	Figure
	.. 
	V· 
	i· 
	~"5:" :-:.'::,;:::';.,
	~"5:" :-:.'::,;:::';.,
	.,'~ ~
	... ::= 
	!~ i1du WI 7Q' ........ 
	s..:,; 

	i
	Figure

	2
	Figure
	(:r). ~-i~:8re :rea-sHle, prQvisiQD 5h::)1110 be Ino;.O,e for l~teral suppression of explosion forces attcnd~~t to hazaTdo~8 stractures. 
	(5). Recaver~r of hyclrogen fluoride from tne e:c-"aust products for conversion to fluorine is to oe COil~: sidered on the basis of eCO!1011lics of prOC1reiJlen0 
	1
	~ . 

	.....
	80St vs. production cost a.D.cl \o!ith c'JnsicLerati0:'l give:fl to pro"blems of transj?orti.!'-6 3.LiO. hcxd,ling 
	j. 
	, 

	I
	c!te2.icals.. 
	c!te2.icals.. 
	I 

	r 
	C~). Design, la;routs, esti!I!ates, and. gei1eral EmCineeTi!l£ should. nroceed ~mmediatelv towards presentation of Jorrn 607 by May i, 1952. "Present deteT2inat lor.. Gr:)up 2~~11 remain intact for ~~is purpose. 
	I 

	(1). [\'1e%:rs. ~J. T. Olson and J. L. Sloop are to prese:,.t their requirements in light of the c~Dclusio~s ~ SUf:lf.';arizec1 here. 
	I 

	4. 
	4. 
	4. 
	The proposecl rocket facility at PSI. \iEl.S denti O!lcd. 1':0 further cQnsideration is to oe Given this proposal because of resca:rc~ o8jectives. An alt9r~ate was susgested using the new 24-inch air line in ~~'L area for Cfer~tio~ 0: ejectors. These ejectors would simulate continuous ~ltitDrle co:1.ci. i t ions for small rocket vlOrk. 
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	The ~~0 of conceutratea c~stic soltttions r~qVlros tl~ 'QSe of. EJ<f.lipment to l~C'".nove t.'l9 solid so('l,i am flu.arid.tO p?ri;ic10E:. Doforo e~~usting to ~he atmosphere. Studi~s shoula b~. ~:.do "to dotol'miae method.s of rCIQOv:b1g solid. p'&.:rtic18:;. fro~ G~g streems. (Cyclone o~ vo~turi soparatol~).. Should a dilute solution of' crnstic be enllJloyod. l>5. th Itcrr;e. 01.1:::11titiss of il'a.t er~ mee.l19 0 f removin.g the sO 0.1U1l1 fluori de. fl"",)TI1 .the waste ""Jatar should be dCV(i~loped ;;
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	HC:tl1:'c 1 is 2. <J.i2.g1-am of' the bo;sic GcZ'u.bbi1'lg system used. in the test pro~r~m. ~ne SystOffi cousizted of a 20 foot duct v~lich earried the ro~:~t (;2~b:'.lH;t from tha engil'li) to a d.isk end donut type 1m.fi10 tOt,fet'. '.:lhe to'r;l)_ ";':".3 7 ft. G0U::'::':~ l?':''1d 11 ft. high ~d contained a r.er·las of five bc.ffles; 2 Ciisks p;'i(l 3 cl.onuts. '?he cs.:uetic solution ,·;as prepared in a 2500 gallon 'i;2.nk 8.."l'J.d 2!:cc:::tm,:i.'8 fod through orifico flo~'iTIleters to the vuious sta

	2. 
	2. 
	IniticQl;"{ Go 2li-inch di.?..meter duct H~.S used. for tho €J).--P0l"lwcntnl 1"/1):;::;;:.. ~h"l n :tf::"G i:'Qrt ~ras macle ~:ri th the 2 foot a.llet located €.]iproxirnc....tely 12fron. 'C~'l:J '-oJ~~l:("~ en{':iuc. For the £'lubsecLUGnt runs. Hl air restrictor CO~l~ ,·;:;.s'ad.d. tu t!.:~ :':Uvt ':;~:lch -orcaght the Glltr:mco to w-:ttm.n l/tbinc..."'1 of ~lih..~ CllginG and. rotiuce ~ t:i duct an. tl'WC6 to O:PPj,~vrlllli:l.tely 2-3/~·1l diC-.Jl10tel".. 
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	3. 
	3. 
	';£:ug"uic solution (sodium :h.yclroxide solution) ~;a!:l ~d..ded a/Co two 8to.tions in th,~ C~'·(';'~. I';:"l~ first station located about 2 ft. fror::l tho E1ngin(,!l. cOi.lsistcd. of -,-. ";'"';"'7 0.,:::-of 2 i)ipo, 3 ft. lo:ag~ :2be pipo i'fas placed 8.1o!"~g the d....C!t ~ ~·"i" ',,',';" .,' ·qi''',,. ~.l,O so'u"'ion~OGnto"" "'l10~'" et"eamtJ:"rou~-;" 
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	·:H ·.~H; ,",=\ l'~"~,-" d alOZl{:, the pip0 length D.n'l 8,TOUllQ the c lrcurofe1"'6ucG. :Cnt:il 
	~. :I.~ j,:ct:i.on station. loc",t~d ~:?lij,'ox1L1<;.:te2y S ft. dO'i>!nstream of' the engl\· 0t (:.;, .. .;. ~tc-:l "jf(;h~~ce sprD.Y rings ~:bout Ol1e ft. :P~l'U ",0. 'Gh each ring containing n cer:to$ of :"":0:i(~,rca, spr::.,y nozzle. 
	i~. L:::tcr a m.2.mber of 1"",J.n3 'l.lSing the canstic solution injection systens 
	8.5 descrE..:ld p.,"i:;ovoQ ~n e.d.di Uonal 2Ystem we.s ar7.ded to the cluet. TM mothod. 
	.... injec~;ion C011Ci sted of introducing the, C~J.1s·~ic as clos~ to Dna. as fal· into the hot CO!!8 of the rock~t e~12.ust as possible. 11 trhcel rna-U.e of a.1foot d.iC\.B8 tCl' lTln.nifold h;;;.ving eight lIspol:estl t Ij,..ing clong Elq:uelly spEl.ced dia!<l~"~er:;i \'!3.S U2-(-lcl for introclucing the ca:uGtio 00 lut:tt'm. Tho m2.n1.fold i:.TaS. Dl.?1rle of ~ -inch tilj:ii~ ~nd thl':'! Ii B"Oolces" t-rnich \VOX''' ucld.b(l to the I!'~'U)!iold ticre ot .:.le>tt~n:.::>1. 3/~:'\ stain10:;;~z-steel tubin
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	5. Thj fin2l soriee of ~csts ~e~J m~ e in ~n eight-inch diamotor du~~ ·.:;L1.S C'A. y t~ ,iet l..-hcel u.3 the injection s~retem. }:t1 air restrlc"~or bone ·::):~·ou.n)-:.~. tC:J ',"::1 trC..11CO.--of the duct to ~P~9l'(l]:ira~tely l/l~il of the enr;ino enl.i ·:!·t.S ,,"p'pl'o::il!,:~t .1y.--:e:':'3/4in diameter a'l; tho l~~Gtrict6r ent:l:'DUco. .otogre.phl'; 
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	6. J",mplo3 of th0 g8,s flovine throug,h the duct ~1ore talcen at '~h~~(Or~ diffEn··?iJ:G stat:loas. The firsrt s"1ie.tio:;: ~'.'C~S loc8-t0d about 9 ft. from the enGine £.li/i tho Z(\CO~i.( st2..tion approx:!.rn.':d;01y l~ ft.. from the engin0. The third. s'~2.ticll) locz:~Qd e.t the very to) of the to".J~r \·.'<9_S used for only t~,,·o runs. DU8 to tho::: 1:> -"Go v01UElG con.ttt-il.'lecl in the tOvJcr Mc\,;ion. onlY' tvo 1°U-'1P. ~';cra r.'l3.c}.G in ";"i:llc}l the c~U$tic Eolution lff[:~n addecl to tho 
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	-. ?h~ scmyles ~ero col10cted in ~~acuat0dp two litor glass flasks;. p,-o"\.'i r cd ,,;;i th gl~ss stopcockn. A remota opal',~tlnb "elva '\;r~8 locate:l bobreen. 'd!;) S?:.'~)~ iI':[; pl.'ODeS t;.i1(l tho!) :flas!t:. Each ~te:Cion lk"'l.il four :probes, . ll"o.B..11y. G:~K·..JcfJ.. clone 1), diamoter of the duct croG~-tection. The probes t\icr(}. li~i:'..:l1i :"old.od bofort'J the oper~til1g valve_ In thi s ~r..."ler. en aV0rZ{~e ~a.m91~. for ·tll!) c:ro'~~~-~cction '/119.0 obtained. A vacuum of :;;.t lec.\
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	L. sccoclc f the ~alv~s w~re clos~d. ttgrl'i.n. h'h.en the roc1:~t rtUl \-tao o,rel.".. th3 8topcockc on the flcsks ~8re closed ~nd 'the fl~ek9 removed for gas /.
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	01 a 2 PBrcen. t IJ~ OR sO lution '\1103,S !?i1.d.ed to the sal1rple.. The flask ,,~..s ro-oeale:d. ~..ncl E,t lO3.ct -(;,-;0"'hours '\i"ere alloT,'leo.. i'Ol' tb.e cG.untio to a.bsorb a.nd neutralize. 1;:18 ~:.y<il'O~e:.l fluor:i,de iil the samplo. ;;LlJ:1a same o.:uanti tY' of 2 percent N OB: I'. \·:ac .;:u::d for th8 initicl bla:r-Jt runs e,J,1(1 'f.·ras found. to be insufficient to I. ~,·ut..!'<'lbe tall tha Ili? ~.n·eseut. !;.:pproxioately 50 co of a 10 pOl'cent l\fa,OH. ::::olutio::t ·i'.~e U80d fOT t
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	10. it is bcli~~~d that the sa!~)le obtained is quite r0prc~entatlve of tll:'! e/.$ flm.ri~1g in the (bet. r1ntl'a.:i.n~d l:l[..ter (Ilro'ple'~s) \:;orc 
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	,I 
	11 
	/
	,, 
	2 

	/ 
	./ / 
	..... 
	~ ~ l.ila..·. 
	, ' 
	----_.. 
	Figure
	A 
	'\ 
	Figure

	nV'R LYJjecti-on Press. Press. 'rCL1p Te519 Temp f£emp \'I
	F';Cc:mstic Pexcent ~lg.§. An.e.lysi s es _.:-:-:~1 23 lj. cone _, J 12 2 ~ 
	,-
	.....

	'r
	solllti-on caustic 

	i'lou I'!;j!2 . A B ..-h::;r/A 
	~ 

	; n fLO 0.]i' op o"O"I1J<' OT,;lij' .!:
	J.: .f .
	J.: .f .
	flOi>! 
	Spray $Pl~7 ~over Jet -. ...:-~ in. H",O
	I'c/sec 
	c.. .fuy tfet Dry llet
	1'0/SOC b2.? rings Hheel. F1:ru.lb lit.1Ib 'bn1b bnlb. 
	Figure

	'~ 
	Figure
	,.
	0·312 ~JSG ~ 4 21l No 1mal.e. 21.9 22.1 22 NQ X 2.S No Beading .313_ ~-6{)-__ 1~ 211 . No Anal.& 21.9-2.2.1 22-No X -.3 .4106 bO;~3?' 4 0 ,c.. 4 qI .,(tS:"':4~ 13g;;:1 20. 20.5 2.0.3 Uo X X ,.
	,

	-L fO 
	.3566 49.9 2 11~O 85~ . 1)27.3 22.6 no No 5·3 4.95 360 1~-9 96 152. .3354 50.1 2 152.1 }bo. .23.6 26.5 He no -5.6 -5.0 310 11+6, 86-
	_.. 

	.3908 23.7 2 59.5 953. 1023 no No No -5.6 :"5.0 
	23·7 

	•351~3 23.7 2 67· 5]2 586 23-7 No No Ho -5.7 -5.1 ". .3elO 25.2 2 66.2 252 212 nQ 110 No 25.2 -5.0 -2.9 110 115 1;1.7 95 117.0 
	,",r)'lh 
	e· cal.';J 23.6 2 B3· 261 332 no no 110 23.6 -5.2 -3.4 100 103 120. ~103 26~.o 
	ITo o 84,800° 9S,9000 1;0 JIo lfo No -15.1 -5.tt 
	Figure

	, i' 
	2,I~o vacuum mdntdned on sample -bottle 
	1lLost s~mp1e in distillation --~~. -<. cO:D.1y 10 cc of 2 percent N..,OiT ad.cled ·~{hich coul.d initiceta a ID"nmurn of only a..PIH'o;'.:imately 95.000 FPa. 
	'" 
	'-. .-~...... 
	". 
	Figure
	. 
	. 
	. 
	j 

	':--~~~ \ 
	':--~~~ \ 

	-
	-

	\ 
	\ 
	,~,I 
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	MEMORANDUM For Those Concerned 
	Subject: Considerations affecting layout of Rocket Facility Qt s-40 location -Drm~ng CDS 10308 
	Item No.. (as indicated on drawing) 
	1. Qperations Building -comprises offices, instrument center, control conter and shop. Located to be (1) safe from test ~~d hazardous storage areas; (2) as close as feasible to test stand to reduce cost of instrument and control lines and distance between shop and stand. Distance to test stand about 300 ft. Location of stand in valley provides\natural earth protection. 
	1. Qperations Building -comprises offices, instrument center, control conter and shop. Located to be (1) safe from test ~~d hazardous storage areas; (2) as close as feasible to test stand to reduce cost of instrument and control lines and distance between shop and stand. Distance to test stand about 300 ft. Location of stand in valley provides\natural earth protection. 

	2. Test Building ~ Located for vertical firing on natural plateau tEl. 730) about 30 ft. below top grade level. Exhaust duct goes down 40 ft to (El. 690) With horizontal run at that elevation for large amounts of water spray cooling. Vertical riser used for scrubbing exhaust with outlet about 10 ft above top grade level (El. 770). 
	'Location (a) provides natural earth barrier between test area and the operations building and storage areas; (b) requires min:iJnum amount of excavation; (c) locates exhaust cooling at lowest elevation to make full use of water head for pumping; 
	'Location (a) provides natural earth barrier between test area and the operations building and storage areas; (b) requires min:iJnum amount of excavation; (c) locates exhaust cooling at lowest elevation to make full use of water head for pumping; 
	(d) is between airport rurniays to minimize height restrictions; and (e) is centered in wooded area for noise reduction advantage. 

	AU)::iliary Control Room ... Located adj~cent to test stand for observation of cold flow testing. 
	3. 

	II
	II

	4,.5,6 & 7 ~i:--:l Pressure Gas storage for Propellant Fee~ -Located close to 
	,~'opellant tanks t,o keep lines short and pressure drop low. Consist of manifolded cylinders mounted vertically to facilitate hydraulic testing. Recessed into earth bank to shield from stand. 
	,~'opellant tanks t,o keep lines short and pressure drop low. Consist of manifolded cylinders mounted vertically to facilitate hydraulic testing. Recessed into earth bank to shield from stand. 

	8. Water Reservoir': .... Located (1) on high gro1U1d and :r-aised about 10 foot above grade 760 to provide head for exhaust cooling; this eliminates large costly pumps; (2) aa clOBe to exhaust duct possibl~ito minimize length of large water feed line. 
	as 

	:9. Exha:i.3$;b' Duct ... See other memoranda and drawings. 
	~' .... 
	~' .... 

	Figure
	lO ". L::in1e SltU'ry Reservoir -Slurry to be added to water-HF solution exiting from exhaust duct. Location (1) close to exhaust duct; 
	I
	(2) near road for filling; and (3) at height so that head serves r in place of pump. c..:. : \?~ 
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	11. Settling Basin -Water-HF -lime mixture from exhaust duct flm,s to this basin where solids settle out. Located a few feet above river bed near exhaust duct. 
	12. Water Catch Basin -Located at river bed level to receive. filtered water from slurry-settling basin for pump return to. reservoir.. 
	13. Water Return Pump .. For returning water from water catch. basin to reservoir. -------.. 
	14. SlUdge Removal ... Sludge to be removed from settling basin by. truck when accumulation demands.. 
	Helium Compressor .. For compressing gas from supply trailers into storage manifolds. Located on main service road for accessibility and protection from test area. Length of line to storage manifold not critical. 
	k,.. .". .......·/l'r.'....,iJ·~J"~{,,t;.1nv ..........
	tI 1t..'1~~ .,.,
	-16. Liquid F2 storage .. By means of ~.ze.P-t-ab±e dewars, with liquid nitrogen jackets. LN2 transportable dewar located in storage area for "make-up" quantities. Location (1) natural protection from thrust stand; (~) earth mounda isolate it from work areasj~"'ld (3) large distance frcm' test a.rea permissible because of transport containers. Distance from operations . building ab out (200) ft. 
	17. Liquid Ozone Storage .. Storage vlill probably be in transportable. dewars. storage area isolated by earth mounds and removed. from work areas. Distance to operations building about 400 ft.. 

	18. Liquid Qxygen storage... Permanent location storage tanks o Location (1) is protected from test area by natural earth bank" (2) on main service road for accessibility for filling; and (3) relatively close to ¥dnimize length of transfer lines to test stand. 
	inth transfer lines to test stand

	High Pressure Liquid Nitrogen Pump and Evaporator ... For charging. gas storage from liquid supply. Located at liquid N2 storage. because of liquid pump considerations. Length of high pressure. line to gas storage not critical.. 
	High Pressure Liquid Nitrogen Pump and Evaporator ... For charging. gas storage from liquid supply. Located at liquid N2 storage. because of liquid pump considerations. Length of high pressure. line to gas storage not critical.. 
	20. 

	Liquid Nitrogen Storage ~ Main storage area located for same 
	reascus. us item (17). Same of the tanks to be transportable 
	for use. at this location and also at the hydrogen liquefier 
	(item 23) and fluorine storage (item 16). 
	19 
	Figure
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	21. High Pressure Liquid Oxygen Pump and Evaporator -For charging gas storage from liquid supply. Location forsame reasons as (19). 
	22~23. Non-Hazardous ~uel storage -Such as hydrocarbons, alcohol~ and arr~onia. Location (1) for easy access near main serv.ice road; 
	(2) away from test area to eliminate necessity for protection and leave that area clear for equipment desired close to stand; and (3) length of transfer lines to propellant tanks not critical. 
	24. Hldro[ep ~quefication and Liquid Storage'" Storage in t~ansport dewars to facilitate transfer to propellant tanks. Loc8.."lJion (1) avray fl"om test area and normal traffic for proteotion; and (2) at a safe distance from other work areas. 
	25. Heayy Duty Roads -Must be capable of handling heavy truck traffic. Effort has been made to minimize length of these rondsg 
	26. rest Observation Post -For direct observation of engine during tests." Wouid contain telescopic viewers, communication with control center" and warning or cutoff switches. Location for 
	(1) 
	(1) 
	(1) 
	view of the engine; (2) approx. same elevation ~s engine; 

	(3) 
	(3) 
	about 210 ft from test engine. 



	27. Further Oxidant Storage -For additional stationary oJd..dant storage. ~ocation offers (1) protection from test area by earth bank; (2) accessibility on main service road; and (3) relatively short length for transfer lines to propellant tanks. 
	28. High Thrust Expansion ... Locations along earth bank for same reasons as planned test buildinge Would make use of propellant storage areas and operations building. 
	29. Lou Thrust Expansion .. Probable area for any 10'1'1 thrus t testing. Other areas more desirable for high thrust locations or adjacent to roadway. 
	GRK:md. George R. Kinney 
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	8-40 Rocket Facllity, 

	I I I I 
	I I I I 
	". ~ '" ,", . t,'" . ' .. 1"" Rydroeen li~uefier, compressors, 350 EP High pressure water coolant pump, 300 liP Jet wheel P~P9 300 tiP CZOile generator (4.5 m1 hr/1~. ozone ® 10.000-12.000 volts; est. 30 1b/hr) . t'lL.:r.-_ :,oservoir return pump, 15 E:P Compressors (hydro n and helium), 2 ® 25 Er, 50 BP Inst~ument power ' Lighting (office, shop. t€lst cells, instruIn.mt.aree., OC)ntrol bldg) Power e~uipmcnt (hoists, shop tools, eto) , , " '.. l'..ir comprossor LiqUid nitrogen'pumps Ventilation motors Hi co
	Y.Jl 260 225 225 135 11 3g 30 50( ~st) 25 10 5 25 11 10 1060 
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	Hay 27, 1954 
	PRBJ~nHNARY COST ESTINATTIl -ROCKET FACILITY AT S-4o' 
	, 
	Site preprotion Qnd roads. Extension of services -trench, H0, gas,' steam;. 
	2

	starn sewer, sanitary sewer, service air Electrical power Office building and shop Test stand and bUilding Scrnober-silencer ducting. including H0 piping, sprays, 
	2

	reservoirs, treatment system Pumps, Dotors and sturters (if re~uired) for scrubbing Control room and instrument building Liquid storE'.f,e tanks (not inc1. H) F,.., trdler p,nd store.ge uni t, 1200 1 @ 33,000,
	2

	,
	Prope~l~~t tanks ' Gas pressurization tanks 
	'... ',!.
	TIigh pressure piping. 1i~uid High preSSUl"e piping, gaQ Lot' J.}PiFl,~r§ ;plp~p.~ InstI'UJ."ilentation Compressors for helium and hydrogen, 2 @ $1~o.60o M~terial handling e~uipmant Safety and si~e proteotion Gpeci~l foundations,pits and pads P~~9 investigation facility , Rigl~ preseure H0 system for cooling motor 
	2

	Li~uid B~ storage (incl. 2 trailers) 
	.... 
	" .
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	tl1iquc!ier 
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	Above v~lues based on 3 minute runa for all"£1tels e~oept R~. For 2 minute running time, less $12S,6oo 
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	Subject: l;Ieeting held at Le"\'is Laboratory on September 8, 1954 to Discuss s-40 Rocket Lab Facilities 
	1. NACA personnel present were: I 
	Figure

	Figure
	18
	Messrs. B. G. Gulick O. J. Luchini 
	Messrs. B. G. Gulick O. J. Luchini 
	D. W. Berg. Dr. L. Gibbons 
	D. A. Friedes T. Reynolds 1-R. Iv'.arcus P. M. Ordin 
	J. H. Nitchman s. Deutsch 
	O. J. Haas. L. H. Rieman 
	2. The follo~Qng items were discussed, and agreements reached: 

	(1) The Operations Building as originally shovm to be a two-story office building w~th basemxt was estlinated to cost $190)000. A one-story building was p posed of steel panel and steel 
	Figure

	_'_ partition constrJction v.hie _would cost between ~~145.,.QQ0 and / ~~160,oOO. A one'-story building was agreed to be satisfactory ,I if entry to test control room could be so arranged to dis
	_'_ partition constrJction v.hie _would cost between ~~145.,.QQ0 and / ~~160,oOO. A one'-story building was agreed to be satisfactory ,I if entry to test control room could be so arranged to dis
	courage entrance 'by personnel who vnshed to discuss instrument problems vnth' instrument engineers at times wren they had to conduct or prepare for a test run. 
	(2) The rocket exhaust duct length of 28 feet is sufficient for a 100;000-pound rocket, however, a deflector plate or water 
	~with water nozzles shall be provided at the bottom to prevent burning out of tJle steel duct by the rocket flame. 
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	(3) A future rocket cell using the No. 1 cell exhal~t cooler is not to be considered in the present design. 
	F 
	--,
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	r-.-J 
	(4) Tests have sho~~ that water sprays of sufficient intensity 
	(4) Tests have sho~~ that water sprays of sufficient intensity 
	( 


	----i
	/~ will prevent or reduce the hazard of detonation, therefore, sprays are being provided. The duct thickness shall be
	r-
	I 

	,i;{ 
	,i;{ 

	designed for a thickness less than that needed for theoretical ~ detonation pressure calculations. 
	(5). The exhaust cooler shall be designed for a temperature of 212 de~-~~s ~ahrenheit as the rocket flame temperature ivill be dll::~ this value as a result of cooling by initial jet r.i..il' ";"L'.:1" And consequent mixing before reaching the cooler. 
	(5). The exhaust cooler shall be designed for a temperature of 212 de~-~~s ~ahrenheit as the rocket flame temperature ivill be dll::~ this value as a result of cooling by initial jet r.i..il' ";"L'.:1" And consequent mixing before reaching the cooler. 
	r 

	/J. -'l/""(-::~ .. '~.:> ',.::'~ f~ ... ~f"A ..., l ,I:; I/~./I' -.:.../
	.. , 

	./1., ',-/~ ..~» ~ ~.~~-A..' ~-~,--f~·r.;" r-r" (/) jJ /.:::..... :.--t .....,...l~........ .....:',.,,..., _ ... ~ I,; e--.._) I
	; 
	r! 
	r! 

	Figure
	Figure
	Sect
	Figure
	Figure
	Figure

	EnG': OF. IMPRESSIO", f'1o.PEI 
	PLAsrlPLATE 
	:;ERlb 

	40 IJOI ;!:o \ fPICA , Ill> ' I 31U I t,C
	r.l
	r.l

	_ J;,I.._ _"-,.! II ((! I I 1 I ( J III I1[I\!II ~. II'I I I ,Ii1 i :.I•I)I, IIf, I:I IIiI IIII
	1 
	1 

	,/) I I I )I-fri I'. " I11I: I IIII,WI!'., J I rII I I Ir, II V II , II l,e I,II lli ',.,I' I ,IIII I,I I fIIII JIiIII), III 'n !:. , 31" I 2<: t2 ELITE I 24., 4Cl POSTCARS 
	Memo For Record. -2 -September 10, 1954 G 
	(6) The high-pressure liquid propellant tanks shall be housed in 
	(6) The high-pressure liquid propellant tanks shall be housed in 

	j
	a ventilated weatherproof and easily accessible shelter. Its , 
	location may be changed for economical design. 
	I 

	(7) An alternate method for fuel storage was suggested which 
	(7) An alternate method for fuel storage was suggested which 

	)
	eliminated earth mounds and reduced the required road. No 
	eliminated earth mounds and reduced the required road. No 

	I
	decision was reached regarding the proposed arrangement but further study is to be mad1. 
	decision was reached regarding the proposed arrangement but further study is to be mad1. 

	(8). 
	(8). 
	(8). 
	The drainage of the test cell should have special treatment 18 because fuel will be spilled in this area and vdll have to be treated before disposal. 

	(9). 
	(9). 
	(9). 
	A reduction in test cell height from 37 feet to 20 feet was proposed with an extended or extendable area immediately over the. rocket mounting. This proposed alteration vall be con'sidered. 

	(10). 
	(10). 
	A common storage area for the high pressure 'gas (N, He, H) was considered satisfactory if there was no chance for charging the various cylinders with Ithe wrong gas. The bottles were to be protected from the direqt shrapnel path and need not be 
	2
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	--installed i-fl----a-vertical va-t:ll-t below th-e----gIound leveb-
	--installed i-fl----a-vertical va-t:ll-t below th-e----gIound leveb-
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