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2. The feasibility of locating a facility in the South-40 area
for testing 100,000-pound thrust rockets was demonstirated by presenta-
tion of a preliminary layout based on Scheme A. (This scheme employs
dry gas coolers, gas holders, and a recovery or scrudbbing system for
the hydrogen fluoride and fluorine.) The estimated cost was discussed.
-There vas extensive discussion on the safety aspects of the layous,
desirabhle disposition of hazardous strictures, acoustlcal problems, etc.

~Other pessible schemes and layouts were discussed briefly.

3. The important conclusions reached in conference ave summariged:

(a) The target cost for first stage construction in the
South-40 area should not exceed $6 million. Pre-
ferably, the cost should be about $4.5 million.

(1) Design for first stage consiruction should be based
on the future development of the area inte the full-
scale 100,000-pound thrust facility. Ianitial desizn
should ianclude required features for operation of i
flrarire oxidant rockets of 20,000-pound thrust.

(c) Aesthetic values should be considered in layouts.
Models should be made to demonstrate attractive
anpearance. '

fa) Initizl desizn and layout for budget consideration
shoull proceed from engineering data which are known
and availahle for immediate applicabion. It was
acknowledged that changes could be made at a later
time if improvements in scheme cor desisn become knowm.

(e) Delete test cells not part of the toxic exhaust system.
This infers one group of test cells with space allowed
for future expansion.




)_!-‘

The proposed rocket facility:at PSL was mentioned.
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Design, layouts, estimates, and general engineering
should proceed 1ﬂmﬂd1atelv tcdard presentation of
Torm 607 by May 1, 1952. Present determination graup
shall remain iantact for this purpcse.
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the new 24—inch air line in FEFL arez for

of ejectors. These ejectors would simulate continuous al*,tude
for small reocket werk.
Tane ncise attenuation ﬂroblem is to be givean further study,
1y low frequency sound. . /,
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Gentral Instrument DNoom - spprox. 2000 sq. .

{a)
gb} Gentral shop = epprox. 3500 og. fi.
{e¢) Chemistry Laboratory < epprox. 1500 sq. &,
(a) Zhyeleel Iaboratory = cporor. 1000 sg. fb.
(o) Offices for LD meu including two private offices,
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cuvzd per second of énuntic per one pound por socond
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7. Ona dvy run was nade in the E:’-!»—inr"n duct %o obbtain the 1’1‘,'(3_1"" men
fingrad %lon in the duct withoul the wso of 2 dmust olution.
The cated o cua\:n':‘ 4lon of cpproximately & M oof
fin 1eal ‘ealeulations for the 100-pound thrust roc’" ! englns
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S-inch due¥. FSeveral runs wore made using 2 percent caustic through the
jot wheel snd rosulted in s hydrogen fluoride concentration of 895 FRH in
Section A and 205 PPM Iin Section B for & caustic flow rate of 86.3 15/10;
159 2y setlon A and 205 PPH in Section B for e flow rate of 85.9 1b/1lb;
snd 988 Ssciion A and 431 PPM in Seciion B for & flow rate of :
o ki 1%, X
ffort $0 reduce the watsr requlrenments fowx the removal of
tho cunumuion of ﬂodum 7“'31'0::1(1’; wvas increased snd the total
svle lon decreased. Dy inercosing the concentration of
sodiun Z;‘;r'h“o:;i-'?.a, ﬂ.u wes cesumad thob more efficient removal of th2 hydrogen
fluorlie gas could bo obtained by the formation of sodium fluoride. With
the uso of hlcher concontrations of sodium hydvoxlde, the BEEEMT of

appreciszble cusntitles of sodium fluorlds in the sampling hawlas weuld
result in e t-"q“’dly high va2lusa of fluoride content -rrhic‘z could not be
resoried g a fluorids pas. To prevent the poseldbliliiy of capturing
the uoride varticles, gloss wool coupled with fltted glasgs
£1 od between the duect and the sample bottlee

rere pads using 12.8 percent caustic with the glass wool
Tilters behe:‘:-. the gas collection wsael The flrst run indicated
hydrogen {1 gre concentration of £7.2 PPY in Scetion & and 168 FPI ia
Section o 'af:l‘f;h_’:, ’coﬁai fiow of L0 Ib/1b, Ucing a totel flow of 27 1b/1b
of ths 12,86 percent caustic résulted in a hydrogen fluoride gas concentration

SE 5! A and 159 FPY in Section B.

vere mede in the S-inch duct 2ad rasulted in 2
concentration. of 185,000 PEL '7"1 Section B for the
PPM in Saciion B foi the second run., Examination
bes afber esch con showed the four tubes of Sectlen &
ud the two tubes of Scctlon B {0 be partially cloged.

12, Additioral runs ave necessary in osrder to determine the following?

() Tha effect of the glass filtore end glass sem npling bottles on
the possibility OL zbsorbing hyvdrogen fluorids gas

{(p) The hydrogen fluoride oon concencrn‘cicn in the duct undex
condl uione of controlled zir induction.

2 . .
(&) The hydrogen flueride gas concentration under conditions of
variable weier end czustle flow v

Tho concentration of codlum fluoride exhesusting to the
taosphere and contained in the weste va.ter wadéer the
varbous opomtmg cenditiong
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(a) The nso of an elr vestrictor coms to reduce the quantity .
of air induced into the duct sppears to be desirsble.

{p} “ne orinciple of concentrating the imtrodudiion of the
ustic solubtion as close to ead as fer inte the hot cone
cf the rocket eszheusd as poszidble rather than throughout
ths éntire length of the duct should Be followed.

{0) The use ¢{ a highly concentrated camstic solution is
deelrable and should be employed.

1. At oqual caustic solution flows per pound of fluorine,

' concentratad soddun Mrdroxide (above the thooretical
requiremsnts) solutions are more efficient in romoviag
hydrogan fluoride Irom tho gas gbresnm., A a flow reate

sbout 40 lbs/1lb, & 2 pereent csmustle solution
reésulted in a hJarogen fluoride ges concentration of
abnroximatelv 600 FFi.while a 12,8 percent caustic
solution resulted in & hydrogen fluorids gzs concontration
of 120 PPY,

i
i

2. Incroasing the concentration of the csustic solution
rerulisiin a great deal lower webfer flow requiremen
to obtain comparable hydrogea fluoridp gos poncbutra-
tloneg. For a2 gos concentration of about 120 PP,
the floy requirement using a 2 porcent caustic solution
is approximately 100 1b/1b while for & 12.8 porcent
caustic solution tha flow requircment is 40 1b/1b.

ing the concentration of the caustic solution
ultg in a great deal lower duct length requiroment.

2g a 2 porcent ceustic soluftion resulted in & dif-
srence of aboub 600 PFH in hydrogen fluworide gons
sncontration belwean the twoe sarmple statlions leested
8 feet opart. Vith the 12.8 percent censtio solubtion,
the seme hydrogoen fluorids gns conceantration was
obbalned for the two staitions.
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(&) The use of concentrated coustic solutions requires the wse of
ecuipment to remove the solid sodium fluoride particles
before exhausting to the atmosphere. Studies should be
nzde vo deter miﬁc mothods of removing solid particles
from gas stresms. (Cyclone or venturi separators).

Should a dilute aolutlon of censtic be employed with largs
quantities of water, meens of removing the sodlum fluoride
from the waste water should be developsd to permit recycling.
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eram 0f the bezie scrubbing system used in the test
ted of a 20 foot duct which earried the rocdkeb

&3 35 s dlck end donut typs baffle tower. The towar wes

7 f%. soueare and 11 £%. ¢h ond contained a serles of five baffles; 2 disks
end 3 donubs. The ceaustle solution was prepared im e 2500 gellon. tank and
nroseure Ted through orifice flowmeters to the verious stations in the sorubber
8YS tavi.

a 2l-inch diamedor duct wee uscd for the experimental worl.
ade with $he 2 foot duet located spproximately 129 from

: For the subssoguent runs, i air restrictor cone wosradded
h brougat the cautrenco to wiunln 1/l>inch of the englac and
enirzace to ssp:on¢m¢t01J 2-3fhY diaueter.

i3

. Crustic solution (sodium hydroxid@ solution) wes added at two stations
in the Jduct. Ths first station located about 2 f£i. from the enzine, consisted
of 2" pipo, 3 ft. lonz. The pipe was placed along the dach
custic solution to cnter thé gas sbream through & series
d s2long the »ips length and esround the circunference. The
tion station, located epproximately & {t. downstrean of the engine,
three sproy rings about ome 6. epard with each ring containing

v
e

35 0%ed

. rasss D % e L2 = -
& cerles of louarch sprey nozzls,

LTter a number of runs using the ¢ceustic solution injection systems
wnovog an addiﬁianal ﬁystﬁm we.s added to the duﬂt. mh? mstao&
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i fold having eight "spokes®, lying along equelly spaced diameders

vl

cone of ‘ha roc&e+ ev"oust Ps po st hle.v A vheel mede of & 1 foot
ma

fo

ntroducing the csustic solution. The menifold was mede of
» end the “snokes“ which woere welded to the maniifeold were of
L% stainless steel tubing. Four of the spokes were 5" long end
=ad were altsrnitely wo iﬁione& on the memifold. (See filg. 2).

1l cories of %ests wgﬁé made in an ei ght-inch dlametor duct
¢ jnt Jeel as tho injoction sysieme An 2ir restiriclicr cons
28 TERC0 _of the duct to apgraxiﬁntcly 1/%" of the engine and
-vl y 255/4% in dleometer at the rectrictor entrance. Fhotogranhs

.7 system are shown ! figzures 3 and L.

6. 3Jamples of the ges flowing throuch the duct were telken 2t thres
The first stetiox waz located sbout 9 ft. from the engine

differant stations.

and the sccond station approximately 18 fi, from the enginsg. The third
staticn, locazied at the very toy of the tower was used for ouly two rans.
Baa $o the lrrge volume contsained in the tower sesiion, only two ruis wore
made in which the caustic solution was added to the tower seetion. After

4.
v
those runa, the tower door was left open, meking the further talding of top
caolrs of no value. e



e somoles were collested in evacuatad, *wo liter glass flagks,
3 with glase stopoocks. A rewole oporatlng velve was located botween
nilieg ora oes snd the flaslk., Fach stetion had four probes, equally
epceci elong o diameter of the duct cross-section. The probes were
maalfolded bafom the operating valve. In this mamner, zn average samole
for tho ecross-soction wae obtained, A vacumn of at leasst 25" Hg was

' .,ampla bottles and system up to the ramote mezrs.ting
sly & ssconds aftor the rocted run had sterted, tha
ol sud & sewple collected in tha flagk, After about
) , the valves were cloged agein. When the rocked ran was over,
topeocks on the flusks were closed and the flasgks removed for gos
sis

eatwent of the goe sample was begun withkin 15 ninutes after they

e The pressure in the flask was measured eftsr which 10 cc _
percend J OH solution was edded to the sample. The flask wos re-sealed
'wo hoars were allowed for the cmustic to absorb and meutralize
ride in the sample, 7The some quantlty of 2 percent K 0H

1 nitiul blank runs end was found $o be insufficient 0

t’a HP yresent. Approximatsly 50 ¢o of a 10 pervcent N 0H

for the bleaak runs thet followed. After sboubt $wo hours
lns weres brengferred for anslysls and the zempling flasks

led water with the weshings added to the water,
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q» The anzlytical method used $o determine the fluoride ion con-
n in the sample is similer to thz=% descrided 4n refércace 1.
¢ washings vere ¢oncentrated $o0 approximately 25 ml placed
tillation flasgk together with Ago30)y, silicagel azud 25 ml
an

t E010y. 100 ml of distillate were taken off et 1359 - 1u0° ¢,

o vhenophithelein, acutralized, buffered :nd titreted witil
ca

Mo Sufficient blenks amd "movas® were wrun fo indi
0 cbgrm‘nauio t0o be of tho order of 2 percent of the
us 0.010 nz {the sensitivity of the method 1s aboud -
ceurady ab auﬁ 2 percent of {the amount determined).
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believed that the sample obtained 1s quite repre?cntarlve
wingz in the duct. Datrained water (drculp»a) yore
the somsle DY positioning tho gewpling nrobes dovmstroam,

Nt

In rung 1sing GOACGhtratloas of caustic above 2 w»rev“t. gloes wool
filters wvera placed before the sampling flaske to pravent the collection
of solid sodiue fluoride. Tho time for the ﬂ*m0¢1ng systen to go from

a prossure of =25 Ep to OV He was 2 secends for the nlein samplmnu

sychen, I ssconds for the glags wool filter system, end 5 seconds for the
1, “@itted glass sempling sy tem. Tho average condact btims of

ho gos with the glase wool is aboug, 1.6 x 1072 seconds indiceting the
ity of & reaction between the HF ges Pnd the gless wool.



ohH sy A %,1b £52
Fy Ceustie Percent W, Anzlysis - Flow injection Press. Press. Teup Femn Temp Temp ¥,
:i:‘lgw soiubion ceustic 'ﬁ:" . A B 1 £ 3 k (_:one 1 35, g;' g*—a 02 i'J'f?'?/ A
1t/sec flow foa PP, HF Soray Sorzy Towver Jes D B0 qn. 20 _F z e 4
b/ see - baz 7rings vheel ¢ ‘Dry VUWet Dry Vet
o _ : . Tlb Tuld buld bulb
0.312 /,63‘:// i 211 o Ana2l.? 21.9 22.1 22 1o X 2.8 Ho Deadlng. 5 .
L3135 667 . b 231 Fo An=1.%  21.9 22,1 22 To X -3
©.w06 60T wo, Gl 9vSabs 1386 21 20. 20.6 20.3 Mo X
L3566 43,9 2 b 85_2 b 27,3 22,6 Fo TFo 5.3 L,o5 260 19 96 &2
L3350 50.1 2 152,10 360 23,6 26,5 ¥ Wo -5,6- ~5.0 310 16 86 __
3908 23.7 2 59.5 953 1023 23.7 T Fo Fo 5.6 5.0 ’-
5Lz 23,7 2 67. 572 . 586 23.7 To ¥o Fo 5.7 =5.1 .,
3310 25.2 2 66.2 282 212 Yo Tio ¥o 25,2 =5.0 ~2.9 110 115 117 98 177.0
2845 23.6 2 3. 261 332  ¥o o Yo 2%.6 ~5,2  =3.4 100 103 120 _103 201.0
J6M7 Yo 0 8Y%,800° 98,900° %o o Yo Ho . =-15.1 =5,4 .

i . . L T
“o vecuun maintained on sample Voktle
YLost semple in Aistillation )

®Only 10 cc of 2 percent N,CH added which could inlicste a maximum of only approzimately 95,000 PFH




PABIA 1T

&% Tuct, Jeb Vheel A 0.35 £t° X
F2 Ceustic Percent Hc% Analysis Szmple Praess, Press. Wcs' Texp Temp Temp Tenp
£lou solution czustic JF 5 A B B cons 1 g;“ 1 1 P 2
1b/sec f}ow 3 ’1 PPM. T Without in. H0 in. 320 —22 op op OF oy
1b/sec Tilgex A o »
i Dry Vet Dry Vet
¢s bulbk buld Dbuld buld
0.3016 2.2 2 80.3 2536 205 . ~10,0 0%  28.1 107 127 127 -
L2174 18,7 P 85.9 1459 205 -11.0  0.5. 30.1 121 135 152 ——= .
5566 23.6 2 Lok gog L31 . -12.0 2.0 4.8 169 164 178 e
L4500 2h. g 2 62 01505 525 - 6.0 0.3 1. 176 156 168  —e—m ;
317 18.7 5.6 9,0 3z208 ! 750?» -9.6 1.7  20.¢ _
U750 18.8 5.26 h; 2 24002 21150 © =9,7 3.0 15.1 189 175 -— 165
U100 17.6 128 33.9 87.2d 167,82 =7T.0.. 5.3 .0 202 182 58 163
3705 11.h4 12,8 30,8 _ ' 10,8 180 173 43— Fe T
3765 10,2 12.8  27.1 135‘* L59d | 9.5 200 180 k2 171 e
<358 6.5 23.7  19.5 106% y5- 630 ~17.0 =-2.85 6.85 203 185 hg 161 e
357 5.0 23.7  1h.0 b 2opgd 8390 4,90 207 Off 53  Off
_ - : scale gcals .
500  Dry  ee-= 0= 81, 186, : , , .
Foe 300% oou¢
3810 Dry -0 202, 350,
' . Q00 CC

8Considerable quanti' s of water droﬁlefs were collected in flask
stmple valve did sot onen '
CUsed 10 ce of 2 percent N O0H

dUsal glass wool filter
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SCHEMAT:'C D!P.GRAM

HF Scrubses

L
-l ‘- R -
N i§ Na OH SO U}l 1. o5 f
o RIS L s =5
" TS ;© ; STATION 3
¥ ﬁ'\ & J/ PISK3S AND
I _,/'/L'—-— Dot vTs
— 4 { L__—.//ft
_ - TOWER
£ % 153
1] j.}x '; - ‘ﬂf =5 .
D @ D@ DUCT -' 8ln, or 241n,
N '
_ T 1 J
STATON Z /B ﬁ— ‘ i {Q

SFRAY RINGS _ j }s—— 7 ft. ——w-\

» N v o
RUN CONDITIONS MEASUREMENT STATIONS
A, 24 (n DUCT, STATION 1+2.+3 P= PRESsuR:
B T N 4ra T= TENMPERATVRE .
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Cleveland, Ohio |

MEMORANDUM For Those Concerned

Subject: Considerations affecting layout of Rocket Facility at S-LO
location = Drawing CDS 10308

F

Item No. (as indicated on drawing)

1 Operations Building - comprises offices, instrument center, control
~ center and shop. Located to be (1) safe from test and 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 £t. Location of
stand in valley provides' natural earth protection.

2 Test Building ~ Located for vertical firing on natural plateau
(E1. 730) about 30 ft. below top grade level. Exhaust duct
goes down 4O £t 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 (&) provides natural earth barrier between test
area and the operations building and storage areas; (b) requires
minimun amount of excavation; (c¢) locates exhaust cooling at
lowest elevation to make full use of water head for pumping;

(d) is between airport rumways to minimize height restrictions;
and (e) is centered in wooded area for noise reduction advantage.

3 Auxiliéry Control Room =~ Located adjacent to test stand for
observation of cold flow testing.

L,5,6 & 7 Hir" Pressure Gas Storage for Propellant Feed = Located close to
upellant tanks t6 keep lines short and pressure drop lowe
uonsist of manifolded cylinders mounted vertically to facilitate
hydrauvlic testinge Recessed inte earth bank to shield from stande

8 Water Reservoir = Located (1) on high ground and raised aboub
10 foot above grade 760 to provide head for exhaust cooling;
this eliminates large costly pumps; (2) as close to exhaust duct
as possible 1o minimize length of large water feed linee

9 Exhaust’Duct =~ See other memoranda and drawingse

=
1o Lime Slurry Reservoir - Slurry to be added to water-HF solution

exiting from exhaust ducte Location (1) close to exhaust duct;
(2) near road for f£illing; and_(3) gt height so that head serves

in place of pumpe ! il

~ 9[’%4&44«)
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11

12

13

- 16

i

18

20

19

. truck when accumulation demandse

o

-2 -

Settling Basin =~ Water~HF = lime mixture from exhaust duct flows
1o this basin where solids settle oute Located a few feet above
river bed near exhaust ducte

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

Water Return Pump = For returning water from water catch
basin to reservoir, T~

Sludge Removal = Sludge to be removed from settling basin by

to )

Helium Compressor = For compressing gas from supply trailers
into storage manifoldse. Located on main service road for

‘accessibility and protection from test area. Length of line

to storage manifold not critical.
L’?:Z‘V’,‘/': -l,./;,C//{/

Liquid Fp Storage =~ By means of transfer—babte dewars - with

liquid nitrogen jackets. LNo transportable dewar located in

storage area for "make-up" quantitiese. ZLocation (1) natural
protection from thrust stand; (2) earth mounds isolate it .
from work areas;and (3) large distance from test area permissible
because of transport containerse Distance from operations :
building ébout(ZOO}ft.

Liguid Ozone Storage = Storage will probably be in transportable
dewarss OStorage area isolated by earth mounds and removed
from work areas. Distance to operations building about 400 ft.

Liquid Oxygen Storage. = Permanent location storage tanks

with transfer lines to test stands ILocation (1) is protected from
test area by natural earth bank; (2) on main service road for
accessibility for f£illing; and (3) relatively close to minimize
length of transfer lines to test stande

High Pressure Liquid Nitrogen Pump and Evaporator - For charging
gas storage from liquid supply. Located at liquid No storage
because of liquid pump considerations. Length of high pressurs
line to gas storage not critical.

Liquid Nitrogen Storage =~ Main storage area located for same
Teagons ag item (17)es oSome of the tanks to be transportable
for use at this location and also at the hydrogen liquefier

(1tem 23) and fluorine storage (item 16).

RUUR‘\X 10 FACIL.
ENGG. DIV. FLES -
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22,23

2l

25

26

27

28

29

GRK :md
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High Pressure Liquid Oxygen Pump and Evaporator = For charging
gas storage from liquid supply. Location for same reasons as (19).

Non-Hazardous Fuel Storage = Such as hydrocarbons, alcohol,; and
ammoniae. Location (1) for easy access near main service 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.

Hydrogen Idguefication and Liquid Storage = Storage in transport

dewars to facilitate transfer to propellant tankse Location (1)

away from test area and normal traffic for protection; and (2) at
a safe distance from other work areas.

Heavy Duty Roads - Must be capable of handling heavy truck traffice
Eifort has been made to minimize length of these roadse

Test Observation Post - For direct observation of engine during
testyge Would contain telescopie viewers, communication with
control center, and warning or gutoff switchese Location for
(1) view of the engine; (2) approx. same elevation as engine;
(3) about 210 £t from test engine.

Further Oxidant Storage = For additional stationary oxidant
storage. Location 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 tankse

High Thrust Expansioh « Locations along earth bank for same
reasons as planned test buildinge Would make use of propellant
storage areas and operations buildinge

Low Thrust Expansion ~ Probable area. for any low thrust testinge
Other areas more desirable for high thrust locations or adjacent
to roadwaye '

George R. Kinney
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,;,: R - ._June‘al, 1954

Electri;al_?owéf Requirements — S-40 Rocket Facility

Present Meeds:

Hydrogen liquefier, compressors, 350 HP

High pressure water coolant pump, 300 HP

Jet wheel pump, 300 HP

Czone genoretor (4.5 KW hr/lb. osone @ 10, 000-12 000 volts;

est. 30 1b/hr)

Weloer reservoir refturn pump, 15 BP ;
Compressors (hydrogen snd hellum), 2@ 49 EP, 50 HP
Instrument power '
Lighting (office, nop, test cells, instrument area, conurol bldg)
Power eouipmenu (hOiSuS. shop tools. etc) » :
Air compressor : :

Liquid nitrogen pumps

Vontﬁlation motors - _ .
lilgcellaneous transfer pumps, 15 EP T A
Refriger tion equipment ol S

" Possible Future Reqﬁifemehté{“

Pump facility, 1500 H?;7 

Xu

260
225
225

135
11
18

50(ost)
25
10

2>
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PRELIMINARY COST “STIMA”E - ROCKET FACILITY AT -0
1, Site p*eyu'tior end roads ' | R f N ¢ 140,000
2, Vt+onszon of services - trench, H O gau,'steam - _ _
torn sewer, sanitary sewer, sePrice alr = T 145,000
o mnect ical pover T o - 125,000
i, Office duilding and shop = ' - o P 100,000
5. Test stand and building R LR 225,000
6. Scrubber—silencer ducting, including H20 piping, svrays,
reservoirs, btreatment gystem ' L 300,000
7. Pumps, notors and starters (if recuired) for scrubbinb o ' (118,200) .
8. Control room and instrument building e e ) 40,000
9.° Liculd storage tarks (notb incl. HE) ¢ .f" © 105,472
10. T, treiler and storage unlt 1200 1 ® 33,000 . " . 33,000
11, Propellant tanks ‘ A R 200,000
12, Cas pressurization tanks AR B A © . 1k8,hoo
13, High pressure piping, ligquid -~ . - . Ao T . k9,320
14, High pressure piping, gag - - - - - oL oL . 29, 800
15, Tew prascure piping - o SRR lh, 4o
16, Instrumentation | ' - ‘ e - 275, 000
17. Compressors for helium and hydrogen, 2 @ $b0 OOO ST o T 80,000
18, Material handling equipment. - . A »' 60 000
19, Safety and site protection - o S B 100,000
20. Gpeciel foundations, pits emd pads - . . . e, 42,000
21, Pump investigation facility . e TGF e e, . w0
22, High prescure E 0 system for cooling motor . - o ¥ _ : &€,500
" $ 2,339,032
2;. Liquid H, storage (1nc1 2 traller s) A L 29,750
2h. H, 11queiinr . : TS SR FER . 122,850

$ 2,491,632

- 25, Above va lues oaaed on 3 minute ruas for all fuels except
‘ Hy. For 2 mimite running time, less $128 600

<
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September 10, 195

LEMORANDUM For Record

Subject: ileeting held at Lewis Laboratory on September 8, 195k to
Discuss S-UO Rocket Lab Facilities

1. NACA personnel present werer,

Messrs. B. G. Gulick 0, J. Luchini
D. W, Berg ; Dr. L. Gibbons
D. A. Friedes T. Reynolds
L. R. Marcus P, M. Ordin
J. H. Nitchman S. Deutsch

O, J. Haas L. H. Rieman
2. The following items were discussed, and agreements reached:

(1) The Operations Building as originally shown to be a two-story
office building Wluh basement was estimated to cost $190, 000,
A one-story bu11d1ng was prEposed of steel panel and steel
_partition constructlon which would cost between $11.5,000 and

/ $1GO 000, A one-story building was agreed to be satisfactory

f if enbry to test control room could be so arranged to dis-
courage entrance by personnel who wished to discuss instrument
problems with instrument engineers at times when 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
b§Siﬁfwith water nozzles shall be provided at the bottom to

) “prévent burning out of the steel duct by the rocket flame.

(3) A future rocket cell using the No. 1 cell exhaust cooler is
not to be considered in the present design.

will prevent or reduce the hazard of detonation, therefore,
sprays are being provided. The duct thickness shall be
designed for a thickness less than that needed for theoretical
detonation pressure calculations. 5

( (ly) Tests have shown that water sprays of sufficient intensity

(5) The exhaust cooler shall be designed for a temperature of 212
degrons Fahrenheit as the rocket flame temperature will be

redinod this value as a result of cooling by initial jet
rlirs walber and consequent mixing before reachlnv the cooler.
- 4‘
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i_. . (6) The high-pressure ligquid propellant tanks shall be housed in —
- a ventilated weatherproof and easily accessible shelter. Its -
= location may be changed for economical design.

= (7) An alternate method far fuel storage was suggested which —|
- eliminated earth mounds and reduced the required road. No =)
—- decision was reached regarding the proposed arrgngement but _ -
- further study is to be madﬁ. \ —
4 (8) The drainage of the test cell should have special treatment 18
- because fuel will be spilled in this area and will 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

24 ' the, rocket mounting. This proposed alteration will be 24
I~ con'sidered. ' 1

. (10) A common storage area for the high pressure ‘gas (N, He, Hp) -
I was considered satisfactory if there was no chance for charging —

- the various cylinders with the wrong gas. The bottles were to —
30 be protected from the direJt shrapnel path and need not be ~J 30
e ——— — _installed im-a vertical vawlt below the—sround levele— 7
| -
‘_V ,/;./,—M)\ ,4/‘“.:} :
:“ /“LTV(;/ W/}’T‘ ‘/‘/g”?’\'—/ : 36

! L. H. Rieman -
- - Mechanical Engineer =
1
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	r
	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. 

	5. 
	5. 
	The p~ise atte~uation problem is to oe given further stuey, 9s:p8ciall:V-10\' freque:;lcy sound. 
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	D. Berg
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	Figure
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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 1i.:;· 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.. 
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	:": ..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 loc?·t(k~ (; incheD from t.0 ~·OCX()(; c [~:l:le 
	0 

	_~ ',: :..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 
	<, 
	-3­
	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 
	,I 

	,I
	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 ,;:;.:: <,...':,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 I 
	J.' 

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


	I ,I 
	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, ,
	'! 

	,
	resulted 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 PP1i. 
	J

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

	It
	results in a great deal lower duet loneth reT~iroment.. t'l! 
	",;
	Using a 2 pcrc~ntcp~stic solution rcs~lted in a dif­
	.,'1
	forence of abo11t 600 ?~JI~l in hydrogen fluoride gas 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~ the ~~me nYc'i.rogon fiu.Ol'ic.s gl"'G concen.tl'atlon t,;-t?S obtfdncd for the t~o st~tious. '.l.
	I.' 
	., 
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	' 
	I.
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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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	Figure
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	't, '/ 11' . ,I,· 
	1. 
	1. 
	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

	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".. 
	11 


	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~-;" 
	11 
	Vl.j. "'u ~ 
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	-..:.:r" ­



	i:Q;.::,~;J:~.U ~"J \I -• .L t'..7~~ -.. e'-"
	c"'u"'·\.ic
	a 
	series

	._\._~ ~~. ­
	·: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
	11 

	looM
	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'; 
	a 

	..", """";"''''6
	0(.) \::.;
	0 .!..0 •.vt'"h.~......:. "c->:t..,; ......~......U4.l~·""·"'r..--'"-s.J.emU '""'""'r'" 5'1..."i.!0 """,c.;....J.. .' ~ ) .. .l.r-jl..A":'C 3 ~"'nd. 4• 
	1

	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 
	"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.\
	11 

	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 /.
	I 
	..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 \!:'l1,"0 -:;,'.jJ::811. The pre3zurlb in the flask l"I3.S measured after VJhich 10 co 
	1,' 
	I 

	I.
	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
	,I
	.
	,.

	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 tic ;;,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 AgS04. stlicagel and. 25 m1 
	2

	I
	of 70 perc8nt ~G104' 100 m1 o£ di~till~to were t~~~n oif at 135-140Go ,, 
	Q 
	0 

	, ~::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 
	• ,I
	0.01 .~? (:;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 a :'TGSr.1l:-0 of ";25 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-G0
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	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. 
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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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	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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	(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. 
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	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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