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Additional Images:
N-229: Experimental Fluid Dynamics Facility

AMES 3.5-FOOT HYPERSONIC WIND TUNNEL

N-229, Drawing of Ames 3.5-Foot Hypersonic N-229, Aerial photograph, 5 July 1977
Wind Tunnel, 6 November 1961 (Source: NASA Ames Research
(Source: NASA Ames Research Center, A-28418) Center, AC77-0846-43)

N-229, south facade, main entry N-229, north facade, vacuum spheres
(Source: Page & Turnbull) (Source: Page & Turnbull)
February 23, 2007 Page & Turnbull, Inc.
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T

N-229, M-1 Model of Reentry body in 3.5-Foot N-229, Space Shuttle Orbiter Model 140A/B-
Hypersonic Wind Tunnel throat, 0A87 testing in 3.5-Foot Hypersonic Wind
21 March 1962 Tunnel, 19 October 1973
(Source: NASA Ames Research Center, (Source: NASA Ames Research Centet,
A-29007) AC73-5027)
SRR A — 4 HIGH PRESSURE STORAGE

AUX. EQUIPMENT
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. - TOWER
CONTROL NOZZLES PEBBLE BED HEATER

AFTER COOLER

N-229, Diagram of 3.5-Foot Hypersonic Wind Tunnel
(Source: NASA Ames Factlities Summary, 1974)
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Architectural Drawings for N-229

3.5-Foot Hypersonic Wind Tunnel, Test Chamber, Perspective
Architect: John Sardis & Associates, Engineers

Date: 30 October 1958

Sheet: A 112 DO

NASA EDC # 229-5901-A1

3.5-Foot Hypersonic Wind Tunnel, Test Chamber, Plot Plan
Architect: John Sardis & Associates, Engineers

Date: 30 October 1958

Sheet: A 112 D1

NASA EDC # 229-5901-A2

3.5-Foot Hypersonic Wind Tunnel, Test Chamber, First Floor Plan and Schedules
Architect: John Sardis & Associates, Engineers

Date: 20 October 1958

Sheet: A 112 D2

NASA EDC # 229-5901-A3

3.5-Foot Hypersonic Wind Tunnel, Test Chamber, Elevations and Sections
Architect: John Sardis & Associates, Engineers

Date: 30 October 1958

Sheet: A 112 D6

NASA EDC # 229-5901-A7

3.5-Foot Hypersonic Tunnel Office Building, Perspective
Architect: Rosener Engineering Incorporated

Date: 12 June 1958

Sheet: A11262-D1

NASA EDC # 229-5902-A1

3.5-Foot Hypersonic Tunnel Office Building, First Floor Plan and Schedule
Architect: Rosener Engineering Incorporated

Date: 2 December 1958

Sheet: A11262-D2

NASA EDC # 229-5902-A2

3.5-Foot Hypersonic Tunnel Office Building, Second Floor & Roof Plans & Schedule
Architect: Rosener Engineering Incorporated

Date: 2 December 1958

Sheet: A11262-D3

NASA EDC # 229-5902-A3
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3.5-Foot Hypersonic Tunnel Office Building, Exterior Elevations and Cross Sections
Architect: Rosener Engineering Incorporated

Date: 2 December 1958

Sheet: A11262-D4

NASA EDC # 229-5902-A4

February 23, 2007 Page & Turnbull, Inc.
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Additional Images:

N-237: Hypervelocity Free Flight Facility

N-237, interior of Hypervelocity N-237, Thomas N. Canning, Hypersonic Free
Free Flight Facility, test chamber Flight Branch Chief inspects breech of the
(Source: Page & Turnbull) counter flow section of the gun, 22 June 1966

(Source: NASA Ames Research Center, A-37250)

N-237, interior of Hypervelocity Free Flight N-237, Aerial photograph, 18 May 1989
Facility, test chamber (left) and cameras (right) (Source: NASA Ames Research
(Source: Page & Turnbull) Center, AC89-0234-153.1)
February 23, 2007 Page & Turnbull, Inc.
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8. HYPERSONIC FREE-FLIGHT AERODYNAMIC FACILITY

DESCRIPTION:

The Hypwrsanks Free Fght Asrodymenie Fuckin o v tor

St I v crg ol SR Oyl by,

o sk hepar e, el mechel sbiation. Wodet up 1
A7 e in dismeter and weighing 45 gram maximum can be
secommodated. Ghadowgrash can be chesined st o

mrtions wpeced every five fest siong the Sest sctice.

PEAFORMANCE:
Stream Mach Mumoer 10
Stroum Enthualpy 4,000 BT/, maximum
Rrynolds nomber B0 x 10° per 1, maximwrn
Strserm static presire 0.008 10 0.2 somoupherss
Mocel wpend 000 fefonc man
Model launching

‘accelerstion 155 10° 5. manimen
DIMENSIONS:
Length 750 toet
Diamenr 35 temt
sTATUS:

Oparational unce 1065
AURISDICTION:

Flight Project Development Diviaion
Systarms Devesoperent Brarch
Thomas M. Canning

LOCATION:
Duilding N-237

N-237, Diagram of Hypersonic Free-Flight Aerodynamic

Facility, 1974
(Source: NASA Ames Facilities Summary, 1974)

-

s

i

22 fr. LAUNCH TUBE
1142 GUN | 90 fr. PUMP TUBE —
POWDER CHAMBER —

N-237, Diagram of Hypersonic Free-Flight Aerodynamic

Facility, 1974
(Source: NASA Ames Facilities Summary, 1974)

A-29

Page & Turnbull, Inc.



Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

Architectural Drawings for N-237

Hypervelocity Free Flight Facility Building, Perspective
Architect: B. L. Nishikian, Consulting Engineer

Date: 14 December 1962

Sheet: A12082 AR1

NASA EDC # 237-6204-A3

Hypervelocity Free Flight Facility Building, Plot Plan
Architect: B. L. Nishikian, Consulting Engineer
Date: 14 December 1962

Sheet: A12082 AR2

NASA EDC # 237-6204-A4

Hypervelocity Free Flight Facility Building, First Floor Plan - West
Architect: B. L. Nishikian, Consulting Engineer

Date: 14 December 1962

Sheet: A12082 AR3

NASA EDC # 237-6204-A5

Hypervelocity Free Flight Facility Building, First Floor Plan - East
Architect: B. L. Nishikian, Consulting Engineer

Date: 14 December 1962

Sheet: A12082 AR4

NASA EDC # 237-6204-A6

Hypervelocity Free Flight Facility Building, Second Floor Plan — East and West
Architect: B. L. Nishikian, Consulting Engineer

Date: 14 December 1962

Sheet: A12082 5 AR5

NASA EDC # 237-6204-A7

Hypervelocity Free Flight Facility Building, Basement Plan
Architect: B. L. Nishikian, Consulting Engineer

Date: 14 December 1962

Sheet: A12082 ARG

NASA EDC # 237-6204-A8

Hypervelocity Free Flight Facility Building, Elevations
Architect: B. L. Nishikian, Consulting Engineer

Date: 13 December 1962

Sheet: A12082 ARS8

NASA EDC # 229-6204-A10

February 23, 2007 Page & Turnbull, Inc.
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Hypervelocity Free Flight Facility Building, Sections
Architect: B. L. Nishikian, Consulting Engineer
Date: 14 December 1962

Sheet: A12082 AR9

NASA EDC # 237-6204-A11

February 23, 2007 Page & Turnbull, Inc.
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Additional Images:

N-238: Arc Jet Laboratory

ARC HEATED HYPERSONIC WIND TUNNELS

ELECTRICAL POWER = masmrrs 0c S 00
(DAERODYNAMCS WIND EHEAT-TRANSFER WIND @ COMBNED-HE ATING
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N-238, Aerial photograph, 1964 N-238, Cutaway Illustration of Arc-Heated
(Source: NASA Ames Research Center, Hypersonic Wind Tunnel, 8 June 1964
A-33038-22) (Source: NASA Ames Research

Center, A-32663-3)

N-238, 60-MGW Interaction Heating Facility, N-238, Reinforced Carbon-Carbon (RCC)
10 May 1974 Johnson Space Center model testing in Ames
(Source: NASA Ames Research Center, Interaction Heating Facility IHF-127
AC74-1979) (Source: NASA Ames Research

Center, ACD02-0036-017)

February 23, 2007 Page & Turnbull, Inc.
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N-238, north facade, main entrance N-238, interior, control room
(Source: Page & Turnbull) (Source: Page & Turnbull)

N-238, 60MGW Interaction Heating Facility
(Source: Page & Turnbull)

N-238, interior, high-bay and machine shop
(Source: Page & Turnbull)

N-238, interior, ceiling
(Source: Page & Turnbull)

February 23, 2007 Page & Turnbull, Inc.
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Space Shuttle: 8 Years of Development and $ 30 B

» Cool structure with external insulating TPS design approach which
successfully minimized thermal structural effects

~L/
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TUFI/AETB Tile

L

- m w B
- mow = =

United Sfates &8

FRCI-12 Tile|

RCG Coating :
Vehicle”grows” by about 6 inches Gap Fillers
during eniry, descent and landing

N-238, Diagram of 3.5-Foot Hypersonic Wind Tunnel
(Source: NASA Ames Facilities Summary, 1974)

February 23, 2007 Page & Turnbull, Inc.
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Architectural Drawings for N-238

Building N-238 Arc Jet Facility, Architectural Perspectives
Architect: Robert E. Jones, Structural Engineer

Date: 14 January 1963

Sheet: A 238-6200A-1

NASA EDC # 238-6200-A1

Building N-238 Arc Jet Facility, Design Data
Architect: Robert E. Jones, Structural Engineer
Date: 14 January 1963

Sheet: A 238-6200A-3

NASA EDC # 238-6200-A3

Building N-238 Arc Jet Facility, Site Grading, Paving, and Landscaping Plan

Architect: Robert E. Jones, Structural Engineer
Date: 14 January 1963

Sheet: A 238-6200A-4

NASA EDC # 238-6200-A4

Building N-238 Arc Jet Facility, First Floor Plan
Architect: Robert E. Jones, Structural Engineer
Date: 14 January 1963

Sheet: A 238-6200A-5

NASA EDC # 238-6200-A5

Building N-238 Arc Jet Facility, Exterior Elevations
Architect: Robert E. Jones, Structural Engineer
Date: 14 January 1963

Sheet: A 238-6200A-7

NASA EDC # 238-6200-A7

February 23, 2007
A-35

NASA Ames Research Center
Moffett Field, California

Page & Turnbull, Inc.



—

~Woay %KeN "o |

S

-0t 9-822

-y

T
1

"vEI? ¥IONVH

B |3-83 |WAS238-6201-A--1,15238-6200-A---1| INS |/
A 4/82 | WAS 12092-DI, IS 238-6201-A-x~[ JCR {
LETTER [ . REVISION DESGRIPTION DRAWN ArR

AMES RESEARCH CENTER
| MOFFETT FIELD, CALIFORNIA

NATIONAL AERONAUTICS AnD SPACE ADMINISTRATION

BUILDING N-238 ARG JET FACILITY

ROBELEEL
STRUCTURAL

180 SEOTY

PRINTED ON DIFTZGRN 197 DURAVEL

" w0 VSIW YISOD 4800 314 1svR




©

Bl @ 2 @

g Bays @ ehiotsrpotet s Bayls @ rotO" F OO

(? , @ | @ @ @ . @ ' ~, ‘ | @ ® |
1
|

i
|

- 1 —t— " R L m-l @

z
@
it

i
@

jQ __L ,‘Zle Roor. A&
Qi e . ) o
@ :} {f'\ E I e
2 ' Oe ﬂgg? i s b ® ’
B~ 9 3 =
{ 3 ‘ :«I) A | & .
2 O o ; ; : 4 ©
S e =

o

4 Bays @

©

NS Tn Brigge Crane
|
N o o

NoONonno00 gonoon
i s

IO DU —

HEOCEET

S

G)
b
i

®

BASEMENT FLOOR PLAN 1a’=/°0"

. * . : . .
- 3 % vyl >
. Sky//fg/{/s\’l_ ,& %l S-l l&[ ] _fﬁ;;/}/ﬁﬂy . /://?57_ Fro0R Pz anN : /Q 2 / 0/;
I - £ : ’ .

s : . i (i— - et . > i L N
L L = L
N :g s \g 5B Cidhe ) ) ) ) A A \ - - @ f
s , Lot ool “3000% 740057 o~

| ? g
. i Bosement oo L OAD DI aE AL .

COp TUNNEL ;

YEHI3 ¥IONVH

VINo NBIGP0 ‘yeen 9079 |
sj -

pra CzPANf : z Gpa?gxg NG
; T e 5ton double g/ra’ef low /mw’raom frﬂw:/mg br/dge crone; ) a, Eguipment pr 5ysi‘em Crovnd Ltoop.
NDAT : : £ L 4‘9 o285, ramzﬂ:‘ Y or Sysfsm Grognd. Aao/z
z. Eg/ﬂ‘érc‘:a’ :ancrei’z :an//mzaus ax:‘:ﬂar ;‘bp:"mgs ord L8 PAVING L g . o :

a. Yord Area : /é",-f Ciover 4% bose
& «Paﬂa’ways :

s

T Builai
/ﬂ/e/*/z:/- 5/.7redd' r‘ko}‘mgs ana’er columns. - 6900 %0/1_‘ i 59) GO cycle  Primary Sugp
5 S RBOY/ETT volt IF LW - Mofors, d/y.éz‘fng We/dcr.s
208 Y/) 12O valt 3 L Moters, Ligh? zng buz‘/t G
4. “/ﬂs:’rumenz‘a.‘zon N s - e
- /zo/ o/F TS f

i

Dreee abncrd:‘e ‘slibs or grade.” :
- r?r’e Warfie. ,s/a,é [8%% 3”) over éa:gméw.” srea;
2z /‘.6/5'44 fo Pz ’aw r’br:oncen;‘rm‘ed ;‘yfme’ .

2

Es & MPDEe fe,ocn‘ /‘d‘/ /w‘a’/:‘/on fo.
A’anger i !

Drojes aa z‘y,ee aﬂf;‘ F 1&:/&1‘&:&' i
5, IO cemert
o ﬁ fafﬂ,gera/arc c:am’m/ :y.s:‘am e/wfgt:ea’ ;‘/9.’4/ rirr ]

o is  eptrance, efe. )
'ﬂf;uﬂo’ i?‘/yﬁ @af du-ﬂ ( fes/‘ 4rea)

A 5
3 ‘ﬂp,aef SeciSn aF M &mfn.ﬁuﬂan ﬁﬂo&/
et Fm’:a’s Weldlers vrd other-Day. /?m;e/s
. . BIT e/ Doy Ll
Feeals 120 volF "&ay”z‘
aa/r_',s' @ B
T Sore g5 P, :
v"ﬂﬂe)’ IO Feed’is /ﬂ.f?ll‘aﬂ?eﬂ

& ﬁ‘ﬂ/m .54:4'{ /mrfé/ a’z/cz‘s ;’”‘% mz‘:rm:/ m.u//d%/an‘ ‘ 5;7/,:3;2:»4:/' S

& rook msufa//aﬂ over .:r’ec/ a‘ecéz

B [ Soik BEARING: 1500 psF DL
b 77 pra-'t" Trrished. /ﬁsu/a//an ﬁaata’ nsicie argma;"a/ sm’:ﬁy : i B : 2

povo: ,:75:“ DFLL + Selsmic

e .
2. oo & arimer ol Mo

! A= 3000 pst, fa/.-zfo,am 610 rkfer syt
. 5uwy;e;,ﬁumf,"a»-& Flo lpamten: f/;owdazﬂsn,’éafm

5= 20000 oS¢ (4415 5/::/)

//eﬂf’/ng; & Ver
VoA Lighring, Sig

g g /V(‘) W=l

; ¢ a/ : 7 Per A lse Br AT shecl L ror Heatsrg, //rﬂ /a:‘/ﬁgé Waﬂ?/xag &‘;74 5 &) B |3-83|wAS23862015---8,152386200-A---3 | UNS Iﬂ,%
2 dembrane U”""f 5/"*4'5 o grode. g g . . 5 A_| 42 [WAS 12092-D0 15 238-620i8--8 JCR W{
é Externsl wr‘er,araoﬁng o éasemen/ walls, Mﬂé’ C?/VA?}’ M’arf'ﬂf ara grovd £ = Foo00 (954 ; gfea’e “ . /@ - i - — o
, = L unifs i e /?OO ,ou . - c‘aﬂ‘ra/ Poors; 7&5:‘ Area & fo//ef Faom &;é G il M

NATIONAL AERONAUTICS anp SPACE ADMINIS’I'RATION

ACELLINGS AMES RESEARCH CENTER

i . F/uafe.s'r:e/w‘ FrEtvres.
@ Fxposed strzldecking in Test Arcd R

RV 3 ol Ve <= 1= T S

b Acoustic f}/g;n fﬂﬂ)‘fﬁ//}/?ﬂﬁm,, ) - S 7‘;5:* 4r¢§£ VA% 50,.'4' MoFFETy FImLD: CAtromA
e Gypsum plaster in Joliel Coom ‘ém .osasemew BArEEF LighTir :
Tdl é‘iﬁqan;" ;/'as}gr frz/ry Fo vor# /f?c‘ana’escan ﬁ?xi‘ures BUU'-DING MQ38 ARO JET FAC“—ITY '

DE'S/G/V’ oA T

DRAWN ‘CHEGKED 4‘ N VATERAL
a5

Ares - 126 ,osf z:2,
iees = /00,9:1‘”4 Z.

: vﬁ ZGO/?//VG VV R I R
Cencrede in /baszmzm/ mva’ ﬁ:s:‘ A/rea .
my/ .4sées/és )‘//e in C'aﬂ//'a/ Foym befe/s dﬂc:/ d’ﬂ/ry e

i\ ¢
N : .
RQ‘BER’? E. JONES
STRUCTURAL ENMGINEER
TIED SCOTT STZEET, SAN JOSE, CAUFORNIA |

A_A.A

[i4-63

/ 4 : :
Bosemaent walls

3 /:«:fnc a,oe/'a/eaf’ 5;‘fe/ fc//-
carth. = 75 psf

2 Eire  Alarir Auk
2 Hollow metal personnel cbaors, Sl o spaioy

PRINTED ON DIETZGEN 197M DURAVEL




2zl . - - . ) L zealel) ’ o
T8 R g > 13 : I
5 3 3. . N U . q ; 2 ; . >
t‘ 8% o {‘ i " v 7 s 2
Y ¥ - ) 4z FL. \ e
q N e & G
{ s : L N
B , D 3§ —
2> I ; ) Nza? PR NN St
' i R 3 A '\% ‘3}
0.4 L Lazn 2 | LpmeEp solk : N 2 B ‘
s : 2 i AN 0= e
L = ¥ . e A s . emphte , 44///,- .‘ar,z, 1
A Sy ot Hige Jf

7 fmé, b - 2o
i . Mﬁ» el .
Y 7=, <12 ﬁanw‘(;:/éz‘ L,” el £

—* S a:-gw,vm M O Wz@/ /.

Tl G,

P2V

WO WSIN VASOD dHOD TN (S¥R

B = «‘fé‘»’ Fht -
CE

VEHI3 ¥IONVH

z:up/ Az/m/f | [t

: ‘14/4 1 Fa@p 3

(Hedierf "

| Ry
| ek &x/’/ A&, | B
iH N - H H g
L o TR L RN ;
A 7lop 4 : [ P : S . *’L:/z;‘ Zrdgto
N ;’ﬁtéé":x/s;{jﬁz. o <\ ) r, i :

- &Qb Y, a.(—.c,n'/

1T G5 Ouil  REVISED S To - PATE T .o LBk
3 OATE B ) -kumm-m

c
8 | 4762 | WAS 12052-D3 15 238-6201 A3
A
LETTES

NATIONAL uu‘ AND SPACE ADMINISTRATION
AMES RESEARCH CENTER
MorrerT FiELn, CALIFORNIA

BUILD!NG N~238 ARC JET FACILITY

_.S/ 7E: C&PIZ’/A/CF ¥4 V/Afﬁ' : &MU LﬁA/Di CA_PM/&' PLANY

ROBERT E. JONES
STRUCTURAL ENGINEER
ZVH0. SCOTT STREET, BAM JOSE CALFORMIA

PRINTED ON DIETZGEN 19714 DURAVEL

e



I
Q \Z) - & oy ®) & ‘
, s
A 2o’ Zoloas” o Bt PR
el Byire
2;&-;;;4’.«4

YO VSIN VISGD. dH00 T4 ISVE

VEHIT ¥IDNVH

i R v e

i

O = 43*76&4(:27 f",c/fz R 7 Oetail . ) . ' . . i .
o M. Eplohe o G tect cumber ) [3-83 [wasaze62014-4152386200-A--5 [ UNS |44L
. //4/' M// Wzé—b f é» . = Y
ek Lesteds MA‘ | e C‘aﬂcr:;‘/s‘/’n :‘gcr‘//’pn 2 /82 | WAS 10%2-D4 15 Zii;:f-Ol A :"CMR .
‘ it ’7" ol T Concrade. 4lack ta 5‘97("9” ’ — “A::ON‘L mo"AuTl::::lD SPACE ADMIN“TRAT'ON -
p£-3 ng, Lrzser : Erms . Weod -canfinaous... .. . . ;
ESSY Y ‘ oo At @é«aw/ == Weed é/ar-émy : ) AMESMI;E“STE&BCME NTER

o Ekdss biral == Footing stem . BUILDING N-238':ARC JET FACILITY
WM Mo K P, o A ~

FIRST. FLORR PLAN..

- e 2 "MATERIAL "
R/ A y it
ROBERT E. JOMES £ i . /
STRUCTURAL ENGINEER ] - -/~/¢-£‘g g,
2180 SCOTT STREET, SAM JOSE, CALIFORMA \)‘§£ &m‘é _T,,A —O—G
) ety ptore| : A/
s 1t Bl = |




p— #‘5-& w/ ,%Jm7 —
et e £

.l

O WSIN VISOD dMOD T4 16v8

[br¥oo0e9y-527|

YEHAZ YIDNVH

L

)

- SNNAUAIIE YonasiD scen 9%

(8] - 3[wAs2386201-A—6)52386200-A--7 [ INS [/
A |42 | WAS 1209206 15 238~620]A-6 | ucr lmﬁ
APR

LETTER oATE WEVISION. DESGRIPTION "1 omawn |

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

AMES RESEARCH CENTER

mFlnn.l:Aurmu
' BUIH;D!NG N‘ZSS«ARC JET FACILITY ’
=
o - f;&’?’f/?[@f ELEE£7/0N5 :,,.;, o ‘
- . e e ey e :
v R A : ey
ROGBERT E. JOMNES o+ | e i // gt
SYRUCTURAL ENGINEER . ] N 11462 | .
2180 SOOIT SYPEEY, SaM JOSE, CALIFORNIA ;[\5;“;" i "ﬁﬁ_h;:_“O@WAj:?_B
Alprem oy, ) =l 2t |

£ PRINTED ON DIETZGEN 197M PURAVEL




Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

Additional Images:
N-240: Airborne Missions and Applied Life Sciences Experiments
N-240A: Life Sciences Flight Experiments

SPACE LIFE SCIENCES PAYLOADS
OFFICE MURAL

N-240 and N-240A, Aerial photograph
(Source: NASA Ames Research Center,
AC77-0846-51)

The Space Lie Soences Payicads Offcn (SL5P0) 0 Ames Researcn Cener s issgonsiie for fhe
il plant nd

e mecsograsty
e Shuttie and Difver soace veivcles. Thes mural degeess some of i unctions periormd ty oo
i = s design, devsicgmun and Seht of Mese wxgsements.  The orgea mural facgs o the
oty of Buiiting 2408, whorn 1 B00raphed by he VAmoUS EEINGOaUTS asssgned i0 Cul Mescns
s Py moee e

Space Life Sciences Payloads Office (SLSPO)
office manual cover, September 1983.
(Source: NASA Ames Research
Center, AC83-0645.3)

N-240, Ground-breaking ceremony for the new
Life Sciences building, 13 April 1964
(Source: NASA Ames Research Center, A-32424)

February 23, 2007 Page & Turnbull, Inc.
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Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

N-240/N-240A, north facade, main entrance N-240/N-240A, west end of south facade
(Source: Page & Turnbull) (Source: Page & Turnbull)

s

N-240/N-240A, south facade, main entrance
(Source: Page & Turnbull)

February 23, 2007 Page & Turnbull, Inc.
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Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

Architectural Drawings for N-240 and N-240A

Space Environment Research Facility, Site Plan and Details

Architect: Garretson, Elmendorf, Klein, Reiben, Archictects & Engineers
Date: 13 March 1964

Sheet: A 12363-A2

NASA EDC # 240-6301-A2

Space Environment Research Facility, Ground Floor Plan

Architect: Garretson, Elmendorf, Klein, Reiben, Archictects & Engineers
Date: 13 March 1964

Sheet: A 12363-A3

NASA EDC # 240-6301-A3

Space Environment Research Facility, Second Floor Plan

Architect: Garretson, Elmendorf, Klein, Reiben, Archictects & Engineers
Date: 13 March 1964

Sheet: A 12363-A4

NASA EDC # 240-6301-A4

Space Environment Research Facility, Exterior Elevations

Architect: Garretson, Elmendorf, Klein, Reiben, Archictects & Engineers
Date: 13 March 1964

Sheet: A 12363-A6

NASA EDC # 240-6301-A6

Space Environment Research Facility, Exterior Elevations

Architect: Garretson, Elmendorf, Klein, Reiben, Archictects & Engineers
Date: 13 March 1964

Sheet: A 12363-A7

NASA EDC # 240-6301-A7

Space Environment Research Facility, Longitudinal Section and High Bay Laboratory Elevations
Architect: Garretson, Elmendorf, Klein, Reiben, Archictects & Engineers

Date: 13 March 1964

Sheet: A 12363-A8

NASA EDC # 240-6301-A8

Life Sciences Flight Experiments Facility (Addition to Building N-240), Site Plan
Architect: Reid & Tarics Associates, Architects & Engineers

Date: 16 July 1980

Sheet: A 240-7903-A2

NASA EDC # 240-7903-A2

February 23, 2007 Page & Turnbull, Inc.
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Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

Life Sciences Flight Experiments Facility (Addition to Building N-240), First Floor Plan
Architect: Reid & Tarics Associates, Architects & Engineers

Date: 16 July 1980

Sheet: A 240-7903-A7

NASA EDC # 240-7903-A7

Life Sciences Flight Experiments Facility (Addition to Building N-240), Second Floor Plan
Architect: Reid & Tarics Associates, Architects & Engineers

Date: 16 July 1980

Sheet: A 240-7903-A8

NASA EDC # 240-7903-A8

Life Sciences Flight Experiments Facility (Addition to Building N-240), Exterior Elevations
Architect: Reid & Tarics Associates, Architects & Engineers

Date: 16 July 1980

Sheet: A 240-7903-A9

NASA EDC # 240-7903-A9

February 23, 2007 Page & Turnbull, Inc.
A-39



@ EXPANSION]

= . S N o M = B
: o . R ) o ‘ SNEW MWH TEIRE T |
/} - o mtot o oMo PAVING-(ALTERNATE NO4)._ ; M\
/ - EADIUS  CURBS 10 COUFaRM TO L ' o N .
4 EXTST, STANDARD. TP e Col v ) : — L\ g 1
: } S 4 N X 4 ’ < ’ S TTEXTEND CULVERT U0
' I ~ I % , A {u I ALTERHATE HO S,
. ,lig ;f E‘z&é - 1.%“:2?1&%::& TE - o
FPWALCOTT RO ! ° j@ﬁ*‘ 24 iy T ) )
— T ged sl CONC, SLOPE TO FOLLOW
Bi-n = “EOX — gt { GRASE PAVING CONC. WALEN|

7 bl , 35K Fr— BYIO REDWOOD. [ . ko e \
5 -/r::Z\i - 'T"é'“ 2 HEADER w/7nx2 L
~ : Py s
o7 &J el ?AYING)T" i
T [score wake /25 Lew coLveRT | B e oo e we R "ol |

SN CoTYRIOSL - ' ne V.ERT] KRN P PIPE SLEEVE : oLy 4 ,

[fESDiOCTYRICsLT | ﬁ{@z \E1g Long | AR e R oce. e % —arcausksn: Rock | |5 ), "t
. ® N . - it s vk k] 3] RN i A SN a4
(\\ ‘\,\,—\ : HALHIR COMPACTED ‘ _—oMme, FILL PRSI 2 508 i
{WEW PavEMENTITD e, [EB8] . ASPHALT cuRE ™ U ; g TN - i
Juatch exETE AT\ : SR B ! j-svBompE . 477 : ats oazed
— I ey g R P -
~ AC. BERM - TYR ASPHALT PAVING  TYR CURR 7' Lose
: |

THO..SCALE. . . —..

1 » ,QC' MAX; ‘

JOINTS, 7

cupe’ PROVIOE '@ x 7"

N DEEP WEAKENED PLANE
JOINT AT 12%0* o.C.

L WALKY PROVIDE 2" EXP

JOIHT AT Bo-o"o.C.TYR
& ASNOTEDON THE DWG. 70010

NOTE.
T GRADES SHOWN ARE FIN,

L GRADES, HOLD EARTH DN,
8" TN PLANTING AREAS,

ELEVATIONS

y i
e[ ] EXIST. GRADE ELEV'S

2: A
_OFPLANTING 7

% sl ',,,.Ex.p;&s\..i'r.s). :
SR EwWa LK (]

| | 14
i AR 1 //Ay

==
< - . ~—r- . —~ ‘
- B o AR I I%_ﬁ, *PJ.A'HJ'}'N.&/ @ﬁ

Nz
2 PLaNTI NG &Y B

{

b

ﬂ
%
-0 @

o

 MTCORD  AVE.

oz
Em el

v ~ i s y
- = el [220] + - Y - = ——t Tt TRATE T 1 =
\ s 4 9 gy momeRETE Rame -.L s 1 3‘; f,ég{f A B +[ 1 HEW GRADE ELEV'S
e 38 2 CAC. PAVING — T '}57\ %

BB oy, 25 © / . :
+ F R o '
0
] .
22N k2
é: EERENCE BM, *
¥ |zev 2285 1 - o
UHCHED. CROSS {0
|oneTeEL BaSE" s
PLATE ON.S.E, 0" -
|cozuer FoLNDR ol
[OF WIND TUNNEL. :

AT BRARG4| T REVISED TO DATE PP {,4 K

e | o | 'REVISION DESGRIPTION o | aee

NATIONAL TICS AND SPACE ADMINISTRATION

AMESMRESEARCH CENTER -

OFFETT FIELD, CALIFORNIA

| SPACE ENVIRONMENT RESEARCH FACILITY |~ | .
GARRETSON-ELMENDORF - KLEIN - REIBIN | - Ty
ARCHITECTS » ENGINEERS SITE PLAN AND "DETAILS 7"

D;““D 'CHECKED INDEX MATERIAL. LIMITS UNLESS
216 M\RK{E\T%STRE?{JI\SAN FRANCISCO 11, CALIFORNIA
b H

DESIGN ENGINEER BRANCH

AEPRO‘?‘W W L\%@’l‘ I arrmovee WMW e e A :'[2:3: Eg;iz :&

o AQ4 T peo gk 3FEB @4 [immasas noten




T

X~

GLATE ONLY THIG LITE]
FROM EXTERIOR

82

| compuTerRg

%0

" CORRIDOR [ ’171"
ﬁﬂLL BF

£ OF PRRTH

406!

EISWITCH .

W BLEC. COND

o

LEGEND

BULL. BD.
LGB,
TREW.G

PG
TLRUL.

BULLETIN BOARD ],
CHALK BOARD ]
ELEC. USTER COOLER
FIRE “HOGE CABINET
RAIN WATER. LEADER

MOUNTIHNG HT. #4347
N, BL TO CHBLE RAIL

)
N2

x4l

S

I
Zz
%4
S
g Ve
o

Sl

= LN

Iei.o"
T e
U N—
# KﬁrLJk -~ T
u ) ]
e
Sl B 4 R T
=] B - -
o ﬁ:‘; . w0l
i ¢
[ %ﬁ
oza 1
3y D
-EEa. el
T ¥ %—Fﬁ )
ot e :
‘» w3an s
; OPTICAL &M
(e

= PLANTERS

DN 22,

AT

11%.-

Bk E%ﬂélm .Q
TBiNg : ']
';; -0t
LIRS NE
e et I
1

- FHCE

M:u- @ zsr\

liJGTMMEMT RM. xuexm Ij

[ eiey.
MACH

~RINE FOUGH
fuma HoOD PPOA.

SEISMIC. ..
MAGE <)

TRV

GAMPLE - PREP.

P
<

MECHANICAL TEST _|

(&Ll

>
21
&
o
== %
¥
«
2 W
~ @d
ACCELERATOR VAULT ¥
i) wd o
R 1N . A HES
j0-907 1&-0 THI = —_
T Cmmw 0% ;@/A
BEF KN e — \éé@
3 GTAIR HO. 243 Gt - a.o' et
“1%8) Y g S [} g .
I A i :, g L %
cLoG. =l 3 S S
4] LADDEK ' (s L 3
= U ke 9,9 o
Tr%uw PiiMF ICHE & b H a
R 1 e R
A BB
VBN Y-y : _
o 4. - - o
CONC, SLIDING ; il D
DOCR GEE 1 =
5TRUCT, DllGs 4
g_dt X
@ e
ENCH.~ " | ’. ZE =
ISMB ANCHORS, (R °
NiE'r IN PBRIA b = | _Q
UIGH BAY LABORATORY VEya | CDN'TK L =
ACCEL. FANELS L RM l A |
’ . B
b AL il O
NI, GOLAR
| B1M. PAN LS N
’ {Q 14 i IVER IPG
ok 4'xa" TumESh _fhop X
2 o ,, @qm& NO. %
Al I L
2 @ ARAL, ez Byer

- GRO

UND

fLoo R

PLA

N

(14)
A Ihiies| REVISED TG DATE N/

o L PPIIR

ume | w | REVISION DEBGRIFTION N M =

NATIONAL AERONAUTICS AND. SPACE ABMINIS‘I’IIATION

AMES RESEARCH CENTER

- MOFFETT FIELD, CALIFORNIA
e

GARRETSON-ELMENDORF - KLEIN - REIBIN

: ?:W&EBXIRQ&MENI RESEEECR_ EACILITY.

gQTE L ‘]i’! ' ARCHITECTS * ENGINEERS — _WGBQDHD_ELDORLPIEK “““““““““““
\/ . - S — = CHECKED INDEX
AL 5TUDS TERMINATING AT METAL PECK GEE. DETAILS. ,f e s s 1 casron B Rl B
APPROVED BY: | &u {LW APPROVED BY: APPROVED ASSLDW N
T8 NG DES]GNEDBYI . N\N%W‘\J APPROVES o=t JomE
404 g ™ ares Ga e+ A5 Notep
3

A%

TR

E-vioca oz

VEH33 IDNVH

"

NvhA waohd owomE2

L WO YSIW MISOD dH0D T4 I3vR




aslet o nle! 136!

16! of L gtdl , . atol 21.of . 21 o 21t o
: :

® © .0
k iglo!
t :,._\ RSN y b -
]

1714
NG SIM.

e e ¥

| NOTETINCLOS. RAL.
| R B

Y | o L qm.mé

 FUNAE HOOD. 1=
FLUE FROM 4

o PIPE,

|
ﬁaﬁiz'
&

RalL uP 'b@é: " f
| oo Gig) MET. LOUVER

FusTER MaBE T o%

22-&"

SIM.
RADIO FREG. ... . CLEAN'G RMIS | o 4
| FREE ENCLOG, e o gt & gt | ot ! ,

) I . o _REVIOVABLE| RAIL (] ’ ! Lo
| T Lo R H ANGAT] | ——jFFIMEoOD DS-05 I - 4= € @
A el s e SR S | ws o1 N EIRR FQKE)(H : 1
N S l B : Eﬁé’; / » . JELRR FOREA. ... __@

‘f Bl oreice (i | N B

1 . : R S 7 2
NN 1 OFFice b OFFiCE /{’: T
. EEN_ uff 22 e b 3

© RAICNOT TO.CONELICT i / @% _ , , : . ~
. U/LEC.CONNT 4 g7 m /- @ m,_,; et M : : N |
« @Eﬂlu’m ce. & iz @ cpist i ’ ’ . ‘ & Sy | ;
© 7. % : » . e i > At . ... S— ) : S —, - b p—
&2 QRN co& DOR w0 Cewe @ /e CORRIDOKR [B1] - .G 1% . g i | @
WLy CORRIDOR R B LOM”Y ‘2‘ e @ DC’ FET B L ‘ LOIVERG — s, ;
Wy g g S LA T - @R vt GEE MECK. ®
. i
- ald' |

; ! 12" epetury CEIL.};

(@prre THRUCEIL, 6-PLACES

X

a'ro CHEM JI ELECTRONICS
REPAIR

ﬁ

14.0
nleyt

o'

o

Lot oF PARTN
Vs

Zen o
-l N

|

iﬁsm#’f QIQ

ILETS,

PHOTO DEVELOP. ETC.GEE

OFFICE
Il orFicE
'

Ha PUCT ) GHAFT

1 cowsmuca M ’
| b
e.co 5. |

/2B - eﬁc.&.;@/ i
pe) s g 5 B
/ - CORRIP
Lo ARALS K’_.OKk .
2 Q 6"‘6‘5" el
L {1

bor o confticr. W/
“ELEc. CONDUITS STOR

OFFICE T W orrIcE : B D ‘ i FUME HOOD
B-r Nl oY | I NS e : 1 - -ﬁo' rmexuuooo FLUEFROM . A
| & | -\ _ Ee A ol roor une g‘ :N . _r ,y:mzmmump. -
- = : ——— e FE— ‘ T : i = ] ) - :* L ptot lués’b :o‘ _MANGCOT ‘ 4

| b TN emeRa shomer @] , R Ay . / Lm ]
SRR i L‘*?Dsaa'"“ — R ' —H):

! ! A : “FUME REGD T SR o LLQOWEKSH
b ’ ) L RIS Mo SNk @ o ! EE MECH
‘ . : 1 SINKS

=
O
<

G%L O‘"

g

FRWL.

iy

-

&

CORRIDOR (#13]

Ml
‘ T

B

L
ey |3l fite!

Y
3
=
-
m——

LADDEK 1'07

UTTLE
-

:’_, /GLass BLOWG || ME'I.'Z ANINE
= E Y -
: 212} weiot | B

VIST. 2
4 s FHC.
T REULA imcf‘gQERﬂ
— S
‘ RAILG DET, |Hmat=
- W6 iGLASS T

4
—
—

|
®

ol

MECHANICAL ROOM

t

!
¢ QF PAR:
e o)

 FURE CEIL. |1
T 'fng"E
18.0"

t

&

sig' | s | g i

i TYP SPAGING OF PIPE.

BSOSO

5":4' t
i

e

. g%oeuemcﬂs#mu
UIPPER._PART OF HIGH BAY LABORATORY 4T@|o"z"

L

WET CHEMICAL LAB: 0 -
5 ; o E-}UQ?O'&

- SINK, L ‘ ' - | B

- mm[] I8 , o g @,' i i

- + 2’34',.3‘!,-_.‘ : . - T —— o I . ~__,”____@ el
1 ) i

s
=
, ‘ - o , 115253 L

s

~

rEmr @ A ‘ CONTROL RM.

% =g
E

)

e

=

5

| = D

qol_g!

| - alot

S IS e : MEZZANINE
C v o jcHEm. g Tha

D crer o] . i !
HGTOR. it ] o-HEMERG . GHOWER .
HEEE)

4B\ GTAIR NO.B

d 13/ [14a]

] : Al . ] {K,m,x_ ! ‘
ETTER l o | WEVISION DESGRIFTION [ orawen | '3 B :

NATIONAL AERONAUTICS anp SPACE ADMINISTRATION

AMES RESEARCH CENTER g i

— Morrery FiELD, cnutog_uu Cot l
o | seace enviponmEsT mESEARCH FACILITY ) [
GABRETSON-ELMENDORF - KLEIN- REIBIN | ' S

: [T SECOND FLOOR PLAN 77007 7

GICOND FLOOR FPLAN Wl

ARCHITECTS « ENGINEERS

1]
’ Eo) T rrery WIS UNLESS NOTED PRI
‘ 1216 MARKET STREET, SAN FRANCISCO 11, CALIFORNIA CN s [
% i ’ - 1 ! 4 "DESIGN ENGINEER BRANGH. H

. . K FRAC. DEC, AN

» APPRDVED EYM ASSMOWG.0. - o 3
e} =R [2265-A4
AD NOTED e
%

blol-lel3ld /i1




'l ‘“

| | @C? 9@%)3 ? @jo O@% | ; 5‘“".® | | | | | é

‘a,c DRING 'PNNEL sonr-tve. T80) corner tomr

LINE OF|Ro0F P ARRAPET I

-
|

WINDOWS GEE g .

T
S
S

jahnt

[

M
=

L PRE-CAST cloNgF

- +— CONC. PANEL

29 oll

L
=1 |:
L
i ..‘Iini V

]
L
1

—
[

}
N

12\ o

v £L.230" FIRCFLR. . I |
4 GUKTE ORCY.TWG .~ ] = + z
' LITE FROM EXTER. e e e : :
A\ (cBSCURE GLASS). : )

WwreT ELEVATION o -  _TYPICAL OFFICE PANEL BAY fLiv. 4o

S YU TR o 8 e e v e et St I

i

el _Lyru_m#___v____ IV I N LI N DN O
LTLLNE ' ROOH . PARBPET T T

p . N “
W' botisHED PL.dll : ,,

e P R B CASIT T COIN Cu st

5 R O G O Y e O RO S O SO e e ; ,‘ 1
: T B RED PLGL. ) .
: | ’ @ @ Lo §oogRs ) 4
¥ - . - N

~CoNE. OFENG _

L
|
l
I
|
L
G
{ Aof gL

| R L P Y e R ERPE PRI ISR | A ' T———-euu-#mgr:; : ik - ‘ F\N,FLK.}E,M%’J'

i conc, usik 1 cone. privE
—CONC, CURB . O .

[ P . @ -
T 4 €0 SPaces

= 0 @rve. r‘wovwn_s RAIG .
¥ lo.g PIPE T17, } PIPE 9

&’% ] 11 T i
ﬁ I

Rzl

] T 1 fL.13ko"

) I I I -
W Hg ;} ‘oL w‘c," By e REES
| ]

}

II . Il

’5'» L .'1-* o

et it

—ﬁ ,ﬁ[u |
i

!
t

;H

} s Q. m’ncaé = 48 ;L"

t + GEE DUG ST foie
c,mrm ELEV. EMST ELEV. : A\ NORTH ELEV. [,

ELECTRICAL TRANGFORMER GLAD ELEV.  &_io

Py & 8 g

VI v

4a& mce‘; 1 [d wax'm GTRONG GLEEVES | S
4

| 1‘
N M
Lo,

TINE ofjeoor @ rsrarel -1

f,é‘n

@
o
[}

’,_"T"

“MET | LoUVER || (B2)

Q;mv CONEC. WALL

[

.

= E6 spaces | A
v T

oA pmaee] peviseoTO DATE T PP IR

werren | oare 'REVISION DESGRIETION o | s

sy, BAN DPENG

ekt

NATIONAL TICS AND ATION

AMES RESEARCH CENTER

Om‘ﬂ' MWA
FIN. FLR ELI50'| - , | SPACE ENVIGONMENT RESEARCH FACILITY _

| == | -GARRETSON - ELMENDORF - KLEIN - REIBIN 3
w‘nc,wmq\ 49 : - EXTERIOR ELEVATIONS ~ :

ARCHITECTS * ENGINEERS

— ——] |

) ) SR m'_umExm WATERIAL TWITS UNLESS NOTED :

% [« AL :

276 MARKET SEREE{, %A‘N lFRANCISCO 11, CALIFORNIA
¥ -

"DESIGN ENGINEER ‘BRANGH

§ . enac oec. ey
,sf te quAFFROVED BVMQ 3 M “RPPROVED TN " % P REV.
1 ok su;mzp BY: IDA E:

- SKree B R o A]ZE‘E}E’Aﬁ’ A

’ AS\JCP‘

cp 6Los ficongowatL] Az‘:m«;?ma &g I !
= - A~ et - e — e CONC, EBLL. ]
L CoLLEC, TRENGFORMER “5LAB SEE ELEY, THIS SHT~

tAGT ELEVATION ol ol

APPROVESD BY:

Lldlpldadol it-le]




i

s Dot peu| SIS “NS | NI MRS EPSISEp SENSENpI | IS | YRS - - S | NN | WU | CIV | SEN——| T S| G SRR SN S = S S

~

(8]
ol
z
n

]

conelal

‘It Po.PL.GUASS =

WisN Do | @ < i e = = | =
L . : 416
Y TEMPERED PLLGL, —f—e—] , A |
GIDELTC;ITG$ B g = g S| 118

27l af

: ‘ ' o Th? PANGL JOINT . 7] rinG. || | i [
“PURIE - CLA &IT <f'0 N|C. ——————— - S o) i T T == | — o= -

]
]
—
L]
CJ
1.
F_—I-—]};:

FINCFLR, LINE# ).

, () ) il et eyt bevee '—“‘ — =) ’ ':
T e et T S | E : G074 e S S I N FENEES DIUOR. SR N T R s B I FIN.FLR.EL, 23,0

——

CoNC WAL=

= —_— ~ conc.waLk 4
. ; L PLANTING ]| CONC. CURB ~—l NOTE! see suT a6 ForR TYPicaL WINDOW BAY ELEV,
NORTH ELLVATION . |
y b,.Mac!H&mc 'L/TH,N'!"T “EEE'MEC'H.Ofu % Liﬁ - A N !
’ MET{GID!N%@. L : @ / ‘
1 __@ﬂ:; ___'_"_":—:';‘______,'__, 1T ]
== . ?um—:

~ - SONGL FASCIA LTI FLINE] OF ROOF (@ PARIBPET

o= PRE-CASE CcONC. ~=F— | . o N P RESCAST ONC] mt

=
29kl

aiaas .

CONC, WNLK § PLANTERS - PLANTING —
i , FIN. FLR, EL.7%-O"

TTCLAGS

1]

CILEVATIOMN _OF LABORATORY WLING
, 5 |

MECH, UMt

MET.GIDING ™
FENGHING ™

il cone, Fascin
1B
e/

Al _PRE-CAGT CONCi ™ . :

A o] REVISED TO DATE PP O]

) LETTER I [ I 'REVISION DESGRIPTION. oRAWY are
GLhGs ; SRS R R NATIONAL AERONAUTICS aAnD SPACE lDMlNIS‘I’RA‘I‘ION

N . AMES"RESEAR&!'I CENTER

B ¥ - . JOFFETT FIELD, FORNIA

1 NI | S T ” McoNe ALl ' : i § E—— S— : ," " -

| S , L ) A I = | SPACE EWVIRONMENT RESEARCH FACILITY!

Ja— e i - : . i ' : — . GARRETSON-ELMENDORF - KLEIN - REIBIN

o o . : B B . : ARCHITECTS * ENGINEERS ";:*"EXIEHLWELE“WJQNS

CN CHECKED | WNDEX MATERIAL LIMITS UNLESS ROTED
216 MX:T;’STREE:A SAN FRANCISCO 11, CALIFORNIA [T m,‘:“/a-'

ava,

ol SRR e P s e =
,“ G el id /AT wxmm A\[?&%b—ATA

"IAGT [L[LLEVATION OF

- FEl

} Sk} @Q +°ES'G"E3°' FP"“Jr""E F Josaave P as wotED




27to!

® ® ® ® ® ® © ? ® .
! \ T ] | : !
o ¢ e mmstﬁ..aa’s:%, i i 3
. : B | N — &uu::-up ROOFING OVER GYPGuM woF—L = r
= GTEEL BEAMS S —— 7" e TE] M3 ¢ f— - ‘ - EXPOSED FORM.BOMRD CEIL, '
- ; | PP — = — [ ——le ”’E“Msﬂ +evposen_rorm — | PR el Fdl STEEL COLUMNG - /
K —umeons | 11 ssrenoen cre ep, cEIL, - I Loepenoen [ ! PohRD B, "4+ | Capipoe ems | “g' oerinmes. cive oF Mt 6TuD (3%") 3
v =1 % cEL, eoiLiEnT Fue 3 | oveepica. i G BO, CEIL. ETEEL COLIMN- G TON CRANE PRE-CEGT CONC. PANELS =
R ey | 4 ] ; R .0 r =) : B CONC.. OVER i CONC, SLAR. : T
L & | CONC/ OVER: , 0 i : ‘ 0
| SN PanELS 535 °E““f o | : LE MET DECK ¥ — . ) — -
. L Ld e % 2o S i < S ¢ ©
i e I J_ n e g k
- T cusrENvED BcotsT = — R z Y =
Y N 1= e G 3 co. o e s s 3
! L5 — ‘53"6‘( lw BoTH N2 FEEE = » : , . K} #o=
= | NORHS | 4IDES GF METSTID — o =5k LI e i SeLais |8 2 : b ;'
ayp, r,p.Fu!Im DGl I—zeelumw FLR. 0o gi = e Jrq I“"“" 9‘-‘”’ CoNcL GLAR : !
A i . - : = I
‘ T cone. "Lb& i Pl % l .-—t CONCRETE 2000 ?’“‘ ‘
B , : [¢] {
" k E . N . T‘? :
@ LONGITUDINAL SLCTION et ! == ?‘
\&&/
5 ® @ e ® ®. ® :
NS N EXPOBGED FORM : : C ~ : N - pxrose Form ?
BOKRD CEIL. 1 ‘ ] : BOARD CEIL |
o W veringe crang i N — X . . o -
l! GTEEL MEANS : [ RUNLIAY BEAM - . 1 . - GTEEL MELMG R !
- - EBILNG Ry - |
mmmd‘@’—- , g , REMoVABLE RailG f
W T ; |
Al i LOOD GTAIR §RAIL .
N T I e e | ||/ - — .
| [Tcone cuge [T | 52 CONC. CiIkB ~— CONC, BRICK L :
: , - CAGED. OPENG ~ . . — B
| oreer meam L || porsE s ' , L_greeL mEAM CORE. Hoz B == g ‘
T~ ATEEL COL. B BENEETEPTR | B i A PRE - CAGT CONG: PANELE REYOND —— 9
i |} oveeo ——0 I B i H-— GTEEL CaL:~ CONTROL| RM |
] '8! "‘“‘D”""@ 2 Frewe.. S | !
H 1 i ¥ 4 A . 1
FRUBBER BOGE T ) o : -

E- L E

4+~ EXPOSED.. FORM|
BOARD "CEIL,

hi

)

I

GTEEL BEAMS.

7

LOBYERG 4EE-MECH,

. . he
IRy bgum—i

-

-] CONCRETE -
* -CoNC. BRICK

% CoNe. SLAR —

GTEEL COLé

. BuD'G coNg: B
| OPENG IN GoRid —

T

E'V.,

i "’\r‘ B

'Doo%_ﬁcmff‘—i“ e

LAE:OKAT

@

BOARD. - CEL-I—

EXPDGED FOKM ' !

S EADOER To SEUTTLE N i
. »-w QY BD,

-——wChGED opeNG

L

:mc»s.i,

»—‘s“ HARORD @_—M )

MEZZAN NE

UJECST

CLLEV.

. L&na&an &aae

HEBsmr vo»-

|

uo R

A

T H

3

T T T

STEEL BEAMSG

2!

p—— GTEEL COLS.

Jr— STEEL BEAM

o

PRE-CAST CONC, PANBYS

T CONC. GLAR

u

eczu.si *a?

T H B

N S

| Oﬂ

e

& |nwmed REVISED TO DATE .~

reeE |

|

|

o | are

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

AMES RESEARCH CENTER

MoFrETT FIELD,

FIELD, CALIFORNIA

‘E‘A:R!QE‘TSGN-’ELHEHURF- KLEIN - REIBIN

ARCHITECTS

ENGINEE

FE SPACE TENVIRONMENT RESEARCH FACILITY ]

RS

F-LONG, SECTION. -AND" H!GH BAY
- LAB, ELEVATIONS =

216 MA‘KET sn‘REET ;AN FRANCISCO 11, CALIFORNIA i:é:m mmmmm m e
. APPRoszﬁ t:&jlj,lﬁ ;’,JQX‘LIAPPROVEDEYMW APPROVED. RS OWAND. — i_ ::
oo 4 [y w4 b NOTED ATZ365- A_&__ A

E7BaREEREA8E|




NAVY
WAREHOUSE

TNLAMITS CBF LOORK.

— 7B BEXoTIMNgG ariUES
e 17 e B GIRAZED
7.3 ENST oPpT ELBKTION
. J8s 0 MEW 9T ELeKTIoN
- .
v - L[ EMH ELECTRICAL WMANHOLE
TOOLERIT. 5-0'0.¢. =—=—m——== EXI&T, CORRUGATED 12"PIFE"
. .86 st NEL) CORRUGATED 2" PIPE
ST NOTE:-FOR. SITE DEMOLITION LOORK.
%& WL SEEDEMOLITION PLAN. ST, A-4
o ~ FOR LANDSCAPING SEE SHT L-| /
- —-FOR SPRINKLER PLAN 6EE SOHT L.'2 o
- FOR SITE UTILITIES 3EE M ELEC
PLUMBING DRALOINGS.
\
o ¢ ©
& ﬂew CULV. ; IZ"COERU(JATED \\0\)
PIPE(T0 MATCH EXISTING ) \NP‘?&‘
NELJ CONC.CURB So
; 6E*fo EXISTING PA\/ED
GRADE. BATCH
| A‘JPHALT "PAVI :}g A’:: REQD
g
S
‘ = % S 128@%&(;&% PLANT 4LOASTE SLAB AREA
et ener 7 —NEW ' T BE PROVIDED ON ASPHALT PAVING ABJACENT
rwmua wua ‘ {/‘ , . , oo A waﬁ CURS Eﬂ%ogg&%L@g%W REFPRESENT-
. e : C ADD ASPHALT ‘ LOCATION .
" < CIMIT OF NELD CURE> B PRALE 5 aea
EXIST FAVED PAKIKING AREA
e o | prv——— T o [ oo
NATIONAL AUTICS AND ADMINISTRATION
AMES RESEARCH CENTER
i - MOFFETT FIELD, CALIFORNIA
Z . " REID & TARICS LIFE SCIENCES
Assoc IATES : FLIGHT EXPERIMENTS FACILITY
: (ADDITION TO BUILDING N-240)
MTWG ENG!MEERS . ROJECT NO. 2171 ‘
1019 MARKET S’TREET DRAWN ‘| cuEckep "q MATERIAL LIMITS UNLESS NOTED
_SIXTH FLOOR o e ’?"%m?:: ijﬁﬁ
SAN FRANGISCO. CA ‘04103 LFS 7/25‘]85’ rnc. | oo | ane
(418)  863-2420 J_ o ASSM. DWa. NO. L
« J0B NG, BATE . K“\\M‘%RZ SCALE
| 7205 o | AR | L
e A - - ‘ " — : " v \ R : o o ] g A ] : FcU.S.GOVERNMENT PRINTING OFFICE: 1978-050.700

2«3&;?& 




‘ | - PORENLARGED PLAN & 2/
i) THE A&EA%EE SHTAZ T ] s
: ‘ : () oreMiNG Noo.: ez oHTAZI For. ZHELE.
2. [ rRooM Moo oEE oHT A2 For FIN. XHER
- : gl S o P R IMTERIOR. BLEV, INDICATOR.  FOKR MY INT,
AN N T B N il L e w e , LO BBy, MOT 2 MPILATEY SEE DL DECTIONS
e e LR rpve KT ' o 1 ) T e, pell
’ T s En : 4 roR mwm&ﬁ FARTITIONS. w/ ﬁﬁm
; — o STRUCTURE ABOVE, HEE REfLALE FLAN, SHTACIZ,
T ) , AH/aHEF\tHT ﬂmzr FINiEH 1@ Min 4—“/\&0\{? =y
" - e T NUMIBER
4 . s B 5 (I AKITION TVFET 282 DETAL, SHEET A<l
t l : . ; e S pre
B B e e |- CBM Ppe @ MHIMALHAY Spe, 41Y en , .
/;Lég;b%-ﬁ%@} R e LoNpeY IR AVE, JEE 19/M12, CoEe
, o : 2 - RATED AEEn u@wmme CEM.TLpo.C
| I . 2 MMM HoW. oipe. 2EE 19/M 18,
k | - 9 T !
I L
q Box.x.“ DOOF?/
NN \L o 3
: — ] e R |
I —-— i ROOMS T THRU 130, }
. h = v : ARE_FUTURE. —= |
\ i E:LIJLL L2 : E
o e y (B
; m i o MT . caglff
S THO umTH?sAﬁEA &
(ENSTING T2 RErA] A ’ E
Kk Mma?amaque) i . TEST/ROOM ,
— ) i 1 TTa7 .
[inimi} | . RS
L ' r S
R
8 - T
[ * ROOMS 120 AND 130 THRU
) N 37 SEE SET AQHO-8201 7 |
, AN i 4
, £ |
Mot ’
ALL CABTRET wm«, _
" RPPLANGES, GINK%, § 3
FUME WU& MW -
- B
{ . |
+ ! |
i | |
; i |
) s e )
T 7 : TRATHD L
| - iﬂ;‘wwe 1 =
L Y {4/1 Ba| A BUILT
A . NATIONAL AERONAUTICS AND SPACE ADMINISTRATION .
| S ] AMES RESEARCH CENTER :
‘é IJOKKTHW A‘KEA N e . SR . _MoFreTT Flssua. CALIFORNIA S
| (E;q T REID & TAR ~ LIFE ' SCIENCES
f Wfﬁ WS “Wb%?' ey ' AESOC,‘Hgg FLIGHT EXPERIMENTS FACILITY
! ez i e =l ARCHITEGTS & ENGINEERS (ADD“l;‘F?g E%TBUth_'NgﬁN"“U)
«\ . B ) : / z/ "w‘gsmg’(i{osggeg "Yp T 7,/ 2?ELLIj?INPE§‘X{'1"[';«”9'“ LIMITS UNLESS NOTED
. SAN FRANCISCO. CA 84103 V"“‘Z:“f‘g'"‘“ e 7/25/80 | o | o | mi
i N (415} 383,.2420 | APPROVED AssM.owa.No. ® O 1 _RE
s NO. - DATE (;V’;"?’g T son 24‘0 740 3
= Lo f e | A20-7905 AT
T . § " S U.S.GOVERNMENT PRINTING OFFICE: 1879-690.700 ~ .“
2-30/75




)i:f/ e : ) o _ -

i 2 3 @
. c i 4 . ‘ ) ]
A T ! e g g b
, ,\_51; P - A r NOTE@
N AR i - -
T ! (O orerlia Mo.: see sWTALI FOR. SCHEDULE
) T‘ . | 2 ROOM HO.: DEE SHT kez FOR. FIN. 2CHEPULE. |
o i 2 i
- =3 Al ol : [PCI Ll 4ty 2 INTERIGR. BELEMSTION  IMGER., ¥R, VY g
w _ rex2 A SRR et WY ELBL HoT 20 WDILATED 922 B, secTio, |
4 j,,< —X —> % oHTL, MO 4 Al |
e w i S ‘ ; 4 FOR.INT, PART'N, W/ FIHISH T0 STRUCTURE ABOVE |
I ol : : | SEE REFLECTEP CLG, FLAN SH A-14. ALL S
' o i ZTHER INT FARTH, FIN 1IN 4'Agave cla, e
: LN . ) i
5 e AN WE ZEe vEBL, SHeEr Mg, ded]
MoTE i :'\f
l_- KATED 1AKTHN. 2zrzrr i
I - avt v @ OHE- SIvE oMLY, :’
9 - 20UND ApeoreTio] PaMELY oH cmmm( i
o S ROOV, OPE. oEE 24/NED. I
el - . ?H” ) S S - bjﬁt,,,,,AA
. T N : (A)
@ - %@ . - i
Ho | i
. I .
i é i
....... I B
i o ‘ 2
) 3 ) ool 12 ";»‘Wit "
R ‘ e .
) S FLE._UNDER
-&’ P AL S Bl . .
=_3 " H ,—, - — >< N,{ B
A T S
< S AL mmbm}; B AN L
= WREMMHP&ENW R
| |[temoer /“\
4.
&) S
P 3 | S
PR
© [0
Ny= s
‘s X \C,/
- .
©
- ™
yl 0
//\ e [
/'/{'ﬁi\’ - oN =\ D)
= iLH»%ul "o BUILT [ :
¥ R . D — o n . NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
’ : - - - — : ) i MES R
S TRE His St RTA AMES RESEARCH CENTER
: ASSOCIATES FLIGHT EXPERIMENTS FACILITY
. ) J ) mcwrsc*rsamem:zsng (ADDI;IFC‘)g JE%ATBUI{ILg_.Ngﬂ? 240)
. . : ” DA CRECKED 7y e LIMITS UNLESS NOTED
L on ey e [ZT 2 2 4] ube)
. _SAN FRANCISCG CA, 94103 CF5 7/26/e0 rnc. | oec | e
5 '[“15) H 863 2420 - rAPG'ROVED 7 Assm.owa vo. g T T 1 nsv
: ‘ e A2#0-7903 A8
- N FrU.S.GOVERNMENT PRINTING OFFICE: 1979-680-700
2“ 3& 7 )




D v @
EX}@T]H leLV}H ) L 8l xi4" AN EiX BUILIMG : !
s ‘ Ll |
4 ! =2 exe T Sada r - “
Hﬁ“ H@%?H ___I'&g‘ ; [5\ — &+ 575 0"
| 2 5 &/
o ’“ 4 %; S —— WP ARATET 45y,
| ;l . oM o — 1
! ‘i ;‘ LIt . N - B
i | | NN Q
L | o 4 4 @
| l I v ‘%EM.F Joprces 4, oprere
; i ] £ L , t [P
Y e El-& 28 )-10" 3 AHEL @ 23%i0' p2 o
1 7 ] : — : — : T 4 : TECONPIT g 4570
| j | > DM L2HE - o
=] i == < """ == oy ' iyl K
1”‘} ?ﬁ; ] & <
| 1 | | | | A5 ' < -
§ L | I M i - L l @ -
f; i ‘ ; | . - FIRST FLK. N
j Y ,( J == P v JL=, = e 22,0
a SOUTH ELEVATION /
Q C @ c
' l. T —ecurrer.oee ‘
| “NEW mlwmq S PXIZTING PULPInG l
=N T - (Z W
Q i ! Al ]‘ ,:E I "AT% & ol pANEL
ROOF WM E - dli | i i AN Dt
A i ﬁ\KArET n @Wf’ s s RE AL il M E |l | /v% T ERp,  TOror PARATET L
JeAY L & *ﬂ"*‘jk ********* i N S0 T EA—— i = i T B - &- 7L,
& — S aMwm CK/HL ) ! “ —
= I 5 e 5 R T . B i -
—Q], S e TR i e =
W | NELE gt 4t N D
i | U
I ——— S | )
' 7] , F« .
1370 . DELONP FLR s DEONDFLR. 370!
- T -1 e | FRAME STAIR f ol -
3 ) T TREAS M- £ 0
x SEE|AHAS +
I T e | | - -
FIRST FLE. b =
fz‘o% FRIT 7 T S — = _ ,,,i,..f_p»w\.» - B 4___.AT — w o mmeT FE‘,F*@ ol
0 TH ELEVATION ¢ WEST ELEVATION (PARTIAL)
:\% f o ,A ?(LWEKZ] coipUirs
LM o KEMWE e,
/55”‘779?2 5”3@ li% SMEOTH PINISH (TYE) g*[gﬁi&i;‘_\
szl L OF TAEATET L L I e T —
R : |
K Lo ] 1 e ER spces. ) -
0 I 1 : } : K Lo .| . B ER SPAC .
; B . FAREL G 24Lo0 - . . : . .
4 ' et L I © PabELE 23t il ey G~
t - . - . galioh |, - N\
\ ) 4= i o ¢ !
po15 e ECONT - ‘ —d L " : Y
L EMOOTH FINISH ==
. @ o e A AR 1 -1 EF’T 4 olad [#fea AS-BuleT {fb‘s*f’ f
Zz[ T < LT ’ .‘ = C'Aé] . ﬁé# APl - b NATIONAL AERONAUTICS AND SPACE ADMINISTRATION :
1 o R it = RTA AMES RESEARCH CENTER
. B MOFFETT FIELD, CALIFORNIA
1730 0—LIREL LR - - = REID & TARICS LIFE SCIENCES

d EAST ELEVATION

MECHANICAL 6CREEH

FENCE oEE @

 — — ’\""-\L

exterior elevations

+a | ASSOCIATES

ARCHITECTS & ENGINEERS

1019 MARKET STREET

SIXTH FLOOR

SAN FRANCISCO. CA 94103

(415) 863-2420

FLIGHT EXPERIMENTS FACILITY
(ADDTION TO_BUILDING. N-240)

JECT NO. 2171

v;mzxf B MATERIAL LIMITS UNLESS NOTED
ekl

bl

7/25/80 nc | oec | e
e

T REV.

~ B ™l e

ks A24o 7902 A9

A

FrU.S.GOVERNMENT PRINTING OFFICE: 1979-690-700

WP




Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

Additional Images:

N-243: Flight and Guidance Simulation Laboratory

N-243 under construction, 4 October 1965 N-243, Aerial photograph, 5 July 1977
(SOul’CC: NASA Ames Research Center, A—35531) (Source: NASA Ames Research

Center, AC77-0846-40)

AMES
FLIGHT & GUIDANCE
SIMULATION LABORATORY

N-243, Diagram of Flight and Guidance N-243, FSAA Flight Simulator for
Simulation Laboratory, 25 January 1978 Advanced Aircraft, 7 March 1989
(Source: NASA Ames Research Center, (Source: NASA Ames Research

AC78-0070) Center, AC79-0198-11)
February 23, 2007 Page & Turnbull, Inc.
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Final

N-243, VMS R-Cab: Civil Tiltrotor Simulation
Software Screen, 1 December 1994
(Source: NASA Ames Research Center,
AC94-0503-7)

N-243, Vertical Motion Simulatot,
9 February 1979
(Source: NASA Ames Research Center,
AC79-0126-3)

February 23, 2007

NASA Ames Research Center
Moffett Field, California

NASA &mes Resgarch Comer
FLIGHT SIMULATION LAB

COMPUTER LasRATORY [
ALPHA-R COMPUTER

COMPUTER LABRATORY Vg

ALPHA:1 COMPUTE

KCAB-2 FACILITY
ICAB-2 FACILITY

ICAB FACILITY.

VESUAL RIS LABORATORY

N-243, Diagram of Flight and Guidance Simula-
tion Laboratory, July 1998
(Source: NASA Ames Research Center,
ACDY98-0142)

N-243, Vertical Motion Simulator cab in motion,
24 October 1997
(Source: NASA Ames Research Center,
AC97-0375-1)

Page & Turnbull, Inc.
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N-243, south facade, east end N-243, north facade, centrifuge
(Source: Page & Turnbull) (Source: Page & Turnbull)

N-243, east facade, tower N-243, interior, FSAA high-bay
(Source: Page & Turnbull) (Source: Page & Turnbull)
February 23, 2007 Page & Turnbull, Inc.
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N-243, Vertical Motion Simulator N-243, simulation cab
(Source: Page & Turnbull) (Source: Page & Turnbull)

N-243, simulation cab, interior
(Source: Page & Turnbull)

February 23, 2007 Page & Turnbull, Inc.
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Architectural Drawings for N-243

Space Flight Guidance Research Facility, Flight Simulator for Advanced Aircraft, Basement Flr Plan
Architect: Skidmore, Owings & Merrill

Date: n.d.

Sheet: N/A

NASA EDC # 243-5603-A2

Space Flight Guidance Research Facility, Flight Simulator for Advanced Aircraft, Ground and First
Floor Plan

Architect: Skidmore, Owings & Merrill

Date: n.d.

Sheet: N/A

NASA EDC # 243-5603-A3

Space Flight Guidance Research Facility, Flight Simulator for Advanced Aircraft, Second Floor Plan
Architect: Skidmore, Owings & Merrill

Date: n.d.

Sheet: N/A

NASA EDC # 243-5603-A4

Space Flight Guidance Research Facility, Motion Generator, Plot Plan & Drawing Index
Architect: N/A

Date: 19 June 1979

Sheet: A 12370- D1A

NASA EDC # 243-6301-A1

Space Flight Guidance Research Facility, Elevations
Architect: Skidmore, Owings & Merrill

Date: 5 April 1965

Sheet: A 12486-A10

NASA EDC # 243-6401-A10

Space Flight Guidance Research Facility, Elevations
Architect: Skidmore, Owings & Merrill

Date: 5 April 1965

Sheet: A 12486-A10

NASA EDC # 243-6401-A10

Space Flight Guidance Research Facility, Building Sections
Architect: Skidmore, Owings & Merrill

Date: 5 April 1965

Sheet: A 12486-A11

NASA EDC # 243-6401-A11

February 23, 2007 Page & Turnbull, Inc.
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Space Flight Guidance Research Facility, Building Sections
Architect: Skidmore, Owings & Merrill

Date: 5 April 1965

Sheet: A 12486-A12

NASA EDC # 243-6401-A12

Space Flight Guidance Research Facility, Building Sections
Architect: Skidmore, Owings & Merrill

Date: 5 April 1965

Sheet: A 12486-A13

NASA EDC # 243-6401-A13

Addition to Building N-243 Vertical Motion Simulator Building, Exterior Elevations, Details
Architect: Anshen & Allen, Architects/Planners

Date: 28 February 1975

Sheet: A243-02-A5

NASA EDC # 243-7502-A5

Addition to Building N-243 Vertical Motion Simulator Building, Exterior Elevations, Details
Architect: Anshen & Allen, Architects/Planners

Date: 28 February 1975

Sheet: A243-02-A6

NASA EDC # 243-7502-A6

Addition to Building N-243 Vertical Motion Simulator Building, Sections, Seismic Details
Architect: Anshen & Allen, Architects/Planners

Date: 28 February 1975

Sheet: A243-02-A7

NASA EDC # 243-7502-A7

February 23, 2007 Page & Turnbull, Inc.
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Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

ADDITIONAL IMAGES:

N-244: Srace Projects FaciLiTy

N-244, Aerial photograph, 18 May 1989 N-244, south facade
(Source: NASA Ames Research (Source: Page & Turnbull)
Center, AC89-0234-164)

N-244, Newly remodeled mezzanine and Space
Station laboratory module mock-up, N-244, main lobby
15 February 1994 (Source: Page & Turnbull)
(Source: NASA Ames Research Center,
AC94-0052-1)

February 23, 2007 Page & Turnbull, Inc.
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Architectural Drawings for N-244

Life Sciences Space Flight Facility, Site Plan
Architect: N/A

Date: 30 October 1990

Sheet: A244-8901-XA1

NASA EDC # 244-8901-XA1

Life Sciences Space Flight Facility, Ground Floor Plan
Architect: N/A

Date: 22 October 1990

Sheet: A244-8901-XA2

NASA EDC # 244-8901-XA2

Life Sciences Space Flight Facility, Second Floor Plan
Architect: N/A

Date: 22 October 1990

Sheet: A244-8901-XA3

NASA EDC # 244-8901-XA3

Life Sciences Space Flight Facility, Third Floor Plan
Architect: N/A

Date: 22 October 1990

Sheet: A244-8901-XA4

NASA EDC # 244-8901-XA4

Life Sciences Space Flight Facility, North and South Elevations
Architect: N/A

Date: 29 October 1990

Sheet: A244-8901-XA6

NASA EDC # 244-8901-XA6

Life Sciences Space Flight Facility, West Elevation and Building Section
Architect: N/A

Date: 22 October 1990

Sheet: A244-8901-XA7

NASA EDC # 244-8901-XA7

February 23, 2007
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Space Shuttle Program Assessment - Appendices NASA Ames Research Center
Final Moffett Field, California

Additional Images:

N-258: NASA Advanced Supercomputing Facility

LT

e T ——

N-258 under construction, 9 August 1985 N-258, Aerial photograph, 12 June 1986
(Source: NASA Ames Research Center, (Source: NASA Ames Research Centet,
A85-5016-1) AC86-5018-19)

N-258, NAS Origin 2000 Computer System - N-258, NAS CGI Space Shuttle Launch
512 Processor (“LOMAX?”) station, configuration showing surface pressure
30 September 1999 comparison
(Source: NASA Ames Research (Source: NASA Ames Research
Center, AC99-0195-2) Center, AC88-0149-2.1)
February 23, 2007 Page & Turnbull, Inc.
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Numerical Aerodynamic Simulation Facility, Site Plan
Architect: Hunt & Company, Architects

Date: 24 April 1985

Sheet: A258-8401-A1

NASA EDC # 258-8401-A1

Numerical Aerodynamic Simulation Facility, Plan, Level 1
Architect: Hunt & Company, Architects

Date: 24 April 1985

Sheet: A258-8401-A6

NASA EDC # 258-8401-A6

Numerical Aerodynamic Simulation Facility, Plan, Level 2
Architect: Hunt & Company, Architects

Date: 24 April 1985

Sheet: A258-8401-A7

NASA EDC # 258-8401-A7

Numerical Aerodynamic Simulation Facility, Exterior Elevations
Architect: Hunt & Company, Architects

Date: 24 April 1985

Sheet: A258-8401-A17

NASA EDC # 258-8401-A17

Numerical Aerodynamic Simulation Facility, Building Sections
Architect: Hunt & Company, Architects

Date: 24 April 1985

Sheet: A258-8401-A18

NASA EDC # 258-8401-A18

Numerical Aerodynamic Simulation Facility, Building Sections
Architect: Hunt & Company, Architects

Date: 24 April 1985

Sheet: A258-8401-A19

NASA EDC # 258-8401-A19
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High-end computing and computational fluid dynamics (CFD) have  ‘played
a key r ole in impr oving and enhancing Shuttle performance_. l;meljiability, and
safety for -mor. e‘than_ two decades. The NASA Advanced Super computing
(NAS) D|V|$|on has been developlng CFD based hlgh fldellty desi gn and
. g R [ AT S,

analy5|s ;ool._s Wnch ar e belng employed to help analyze today’ s problems,
as weII as éwdlng de5|gn deC|5|ons for futur . ¥e ‘fﬁb'des IThe following captur e*
some of the high-level, Shuttle i elated vents?uported by the NAS Division Lith one processor and a processing

capability of 0.21 Gigaflops or roughly

and |t5 Super Computln r eSOUr Ces . 210 million operations per second.

1€

2 -

#The Gra iy XMP supercomputer, ™
used to'facilitate the design of the
two-duct hot gas manifold, was the
NAS Division’s first supercomputer—

(Photo courtesy of NAS Division)

Hot Gas Manifold Redesig

The Space Shuttle Main Engine {SSME), designed

in the 1970s, is still the most sophisticatedr  eusable
rocket engine in the world today . Since its initial
design, NASA has continued to incr  ease r eliability
and safety of Shuttle flight thr ough a series of
enhancements, including major design changes

to the hot gas manifold and turbopump.

Since 1985, NASA r  esear chers have been working
to provide and enhance a computational framework
for design and analysis of the entir e fuel supply
system of a liquid r ocket engine (the Space Shuttle
Main Engine’ s liquid oxygen and liquid hydr ogen
turbopumps, for example), including high- fldellty
" unsteady flow analysis. =

original thr ee-duct hot gas manifold in the ;
powerhead, consider ed the backbone of the SSME,
was r eplaced by two enlar ged ducts. The new "
two-duct design, facilitated with the use of Cray Xf;\g
and Cray 1 super computers, and CFD techniques
developed by NAS r esear chers, enhanced overall
engine performance and r eliability. CFD analyses
showed that the two-duct designr educed pr essur e
gradients within the system, and lower ed temperatur es Pictur ed here is the r e-designed two-duct hot gas manifold

his ef fort decr eases design costs, impr  ove
performance and r eliability, and pr ovides developers
with information such as transient flow phenomena
at startup, impact of non-uniform flows, and impact
~ on the structur e. Beginning in 2002, the computational
- framework was used to investigate ther oot cause
- of cracks in the Shuttle engine’ s fuel-line. In 2004, v
following the Columbia Shuttle accident, NASA CFD
4 resear chers participated in a NASA Engineering and

in the engine during operation, which r educes str ess hardware (new powerhead design), which is consider  ed the 8 Safety Center -sponsor ed independent technical i v » .
on the turbopump and main injector . backbone of the Shuttle engine, and consists of tHEIMaIINICEENSCl assessment investigation of the Shuttle’ s fuel-line " snapshoRarcieiaces angple=sUeetoel s
and two pr e-bur ners, or small combustion chambers, in addition P Thesa™ oyt ; mbined VTS from the flow thr ough the Space Shuttle Main Engine” s impeller 5
» 5 X . to various pr opellant and oxidizer pumps, ducts, and lines. BRCracks. € sults wer € combined With Othel and diffuser. (Image generated by Tim Sandstr  om/David Ellsworth,
After under going extensive testing, the newly designed (Photo courtesy of Rocketdyne) k analyses and then pr esented to the Shuttle Pr ogram NASA Ames Resear ch Center) 4 " -
powerhead made its first flight on Discovery’ s 20th g as part of the agency’ s Retur n to Flight ef forts. :
mission (STS-70) in July 1995, and has been used in

all subsequent Shuttle missions. SPACE SHUTTLE MAIN ENGINE TURN-AROUND Various computational models have also been

. - . AND THANSFER DUCTS developed, and time-accurate computations carried
e S PRESSURE MAPS . . s .

; out using this framework to characterize various =
aspects of the flow field surr  ounding the flowliner.

3-DUCT CONFIGURATION 2DUCT CONFIGURATION
ORIGIMAL CFD REDESIGN

lllustration of unsteady interaction between the backflow and

the flow in the bellows cavity—consider ed one of the major

Shown her e is a side-by-side comparison of the CFD analyses contributors to high-fr equency cyclic loading. (Image generated

of the two- and thr ee-duct hot gas manifold designs. White/r  ed by Tim Sandstr om/David Ellsworth, NASA Ames Resear  ch Center)
represents high pr essur e, while the blue coloring r epresents lower

pressur es. Thisr edesign was the first instance of CFD having an

impact in the ar ea of r ocket pr opulsion, and because high-end

computing and CFD wer e so new at the time, code development

and analysis wer e being conducted simultaneously .

(Image generated by NASA Ames and Rocketdyne engineers)

W\WW.Nasa.gov
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The Impact i High End Computing on

Shuttle Ascent Analysis

OVERFLOW , a computational fluid dynamics pr ogram
developed in the early 1990s for solving complex

flow problems such as designing launchandr eentry
vehicles, has been applied to a number of Space

Shuttle Launch V ehicle and Space Shuttle Orbiter

issues over the past two decades. This CFD application
has led to an overall better understanding of the
aerodynamic loads on the Space Shuttle, and has

served as the primary tool for verifying wind tunnel-
derived aer odynamic loads during ascent including
Orbiter wing, payload bay door , and vertical tail loads.

Following the Shuttle flight STS-27R during which,
damage was incurr ed (launched and landed in
December 1988), OVERFLOW was used to perform
debris analysis. CFDr  esults, which showed that only
isolated potential debris sour ces existed on the
vehicle, led to the determination that insulation and
ice wer e the cause of the damage. This analysis has
had a huge positive impact on the Space Shuttle
Program, leading to incr eases in safety of flight by
minimizing hazar dous debris sour ces; r educing
inspection time; minimizing damage on the next flight;
and reducing changes to thermal pr otection system
application pr ocedur es.

Throughout the 1990s, OVERFLOW was used to

support the Shuttle Aer odynamic LoadsV erification
Program thr ough CFD analysis of the Shuttle Launch
Vehicle ascent aer odynamic loads envir onment.
OVERFLOW solutions wer e used in conjunction with
the flight data system, and pr ovided data in ar eas not
cover ed by flight instruments, yielding a cost savings

of appr oximately $10|

\V

This image illustrates the OVERFLOW solution of the Space
Shuttle Launch V ehicle flowfield at a Mach number of 1.25. The
vehicle surface is color ed by the pr essur e coef ficient, and the
color contours in the flowfield and plumesr  epresent the local
Mach number . (Image generated by Reynaldo Gomez, NASA
Johnson Space Center)

STS-27 Ascent Debris Trajectory Simulation

Example of r esults obtained during analysis of debris trajectories
done during flight STS-27R. Her e, the flight conditions ar e at
Mach 2.5 and thr ee degr ees angle of attack. (Image generated
by Reynaldo Gomez, NASA Johnson Space Center)

Shuttle Reenty Analysis

In 1984, NASA Ames CFDr  esear chers obtained the
first ever Navier -Stokes solution on an entir e reentry
vehicle using a Cray XMP super  computer. Numerical
results for turbulent flow ar ound the complete
configuration of the Shuttle Orbiter (including canopy
wing, orbital maneuvering system pods, and vertical

tail) at a low supersonic fr ee-str eam Mach number

of 1.4and azer o degree angle of attack was obtained
by segmenting the flow field into four r egions.
Segmentation was advantageous in that it maximized
the number of gridpoints, thus incr easing r esolution or
detail of the numerical model. These numerical r  esults,
which showed good agr eement with experimental
data, paved the way for the mor e elaborate CFD
analyses conducted following the Shuttle Challenger
accident in January 1986.

A

*First ever Navier -Stokes solution of the complete configuration

of the Shuttle Orbiter . Calculated at Mach 1.4 and zer o degrees
angle of attack. (Image generated by G. Bancr  oftand F. Merritt,
Applied Computational Fluids Branch, NASA Ames Resear ch
Center)

The Columbia supercomputer,
named to honor the downed crew
of the Columbia Shuttle, is a

r SGI Altix system

ty. Columbia is currently the
s main supercomputing resource for
lated to support the
Shuttle launch, STS-121 in summer
2006. (Photo courtesy of NAS Division)

Columbia (STS-1907) -
Accident Investigation

In response to the Columbia tragedy of February 1,
2003, the NAS Division employed state-of-the-art

CFD codes to simulate steady and unsteady flow

fields ar ound Columbia during ascent. Simulation
results pr ompted the use of a higher velocity and
kinetic ener gy in foam impact testing done under

the Columbia Accident Investigation Boar  d, which
showed massive damage to the Orbiter wing
reinforced carbon-carbon panels and damaged

T-seals due to foam impact. Simulations also pr ~ ovided
insight into the mechanism of debris shedding fr om
the bipod-ramp r egion. Each moving-body simulation
required 1,000-5,000 pr ocessor hours running on a
1,024-pr ocessor SGI Origin super computer. Over a
very short time period, mor e than 450 full simulations
were run using about 600,000 pr ocessor hours.

This image shows an unsteady Cart3D simulation used to pr edict
the trajectory of a piecesof tumbling foam debrisr  eleased during
ascent. The colorsr  epresent surface pr essur e. (Image generated
by Scott Murman, NASA Ames Resear ch Center)

Show her e: foam shedding fr om the bipod ramp r egion and
its path to impact r einforced carbon-carbon panels on the
Orbiter wing. (Image generated by Michael Aftosmis, NASA
Ames Resear ch Center)

the Space Shuttle Program

Discovery (STS-114)
Mission Support

During the Discovery mission (summer 2005), NAS
Division r esear chers wer e on stand-by to pr ovide
debris transport analysis support using the NASA
Ames-developed debris-transport softwar e running
on the 10,240-pr ocessor SGI Altix super computer,
Columbia. Several incidences thr  oughout the mission
required NAS r esour ces:

« Evaluation of the potential thr eat from ice forming

. ocket boosters/exter nal tank
on one of the solid r e
.Theice

(S:ZE:) aétsafttgrc] OSHH]tlSJ %nnlﬁ}l%g?erqgaking fr om the
Wgr ound umbilical connector plate on the ET . Debris

. - e run on Columbia and r eported to
simulations wer
eat never

NASA Johnson within 90 minutes. The thr

e pE e e fae Tl om NASA
mReerqge%ey fé‘éoﬂ%d%a‘f%g‘? ENSE prresent on this stru
* Analyses of ice/fr ost ramp foam debris that wer e

R e N T O ASTAR R A
analyze the thr eat of a potential hit on the starboar d
wing of the Orbiter , NAS r esear chers deliver ed an

analysis of a complete set of debris simulations
indicating that this debris would n g5y etda‘mqage.
This conclusion wasr ~ €INTOTCEA DY a detalle

L - . esults, which
examination of the on-orbit inspection r

showed that this debris did not cause any damage
T nforced carbon-carbon panels.
to Orbiter tiles or r

+ Analyses of ator n 20 x 3 inch panel of the Advanced

on blanket located

Flexible Reusable Surface Insula
7~ s window on the Discovery

under the commander
OB A I G RA RS SR TR SRR S ted that

. . emental er osion was the primary failur
fraying and incr

el anel ke O debris fragments wer e unlikely (which|
would have r esulted in another extravehicular activity).

Mach 1.25
Mass = 0.053 b,
Low C, estimate

Velocity (ft/sec)

An example of the CFD-based debris-transport analysis

conducted on the tor n Advanced Flexible Reusable Surface
Insulation blanket, showing pr obable impact locations for debris
of a certain size at a certain flight condition (velocity). Re sults
from CFD analyses wer e used to establish flow conditions (for
example, Mach number and angle-of-attack) for wind tunnel test
conducted to gather mor e extensive information about the tor n
blanket. (Image generated by Reynaldo Gomez, NASA Johnson
Space Center)

Post-flight photo of the tor n 20 x 3 inch panel of the Advanced
Flexible Reusable Surface Insulation blanket located under the
commander’ s window on the Discovery Shuttle. (Image courtesy
of NASA Orbiter Ops and Pr  oject Mgmt Of fice)
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1984

First major supercomputer center
to adopt TCP/IP across all systems.

1985

Long Haul Communications Prototype
(LHCP) connects Ames to Langley,

Lewis via satel

Participated in

1986 1988
Connected to Ames network via
Ethernet, 10 Mb/s. {LAN)

Created NASA's first TCP/IP WAN
{NAShet).

HyperChannel link installed between
warkstation and Cray 2. {LAN)

Collaborated with Paramount studios

1o demonstrated the first uncompressed
D1 video streaming over WAN (OC12)
at Supercomputing Conference.

lite (224 Kb/s).
development of BARRnet.

NAS proves IP routing technology through
Research Internet Gateway (RIG) project.

AEROnet 1 becomes operational, providing direct access
for NAS remote users, using largest OPSF network.

Completed first Switched Multimegabit Data Service
(SMDS) test demonstrating variable bandwidth.

/ Distributed computing team established
from NAS staff and users. (LAN)

Vs HIPPI deployed on LAN.
Frame Relay deployed into AEROnet.
v SMDS employed into AEROnet.

y

Upgraded AEROnet backbone to T3.

First cross country ATM trial conducted
over DS-3 circuits.

2

cross-country over DS-3 (NREN), Phase 1.

aver OC-3.

Deployed first federal native ATM network

WAN consolidation within NASA

Deployed NREN Phase Il Native ATM began and AERONet transitioned

to NISN.

1996

1991

1989 ﬁ1 990
NASnet circuits transitioned from

switched to dedicated 56 Kb/s.

T1 link (1.544 Mb/s) installed to Langley.

NASnet increased to 30 sites with
700 users.

v Deployed ATM OC-12 (155Mb/s) backbone to
DARWINnet.
Ve Demonstrated real-time high-definition video over

an ATM WAN, with remote access to windtunnels
at SC98.

1992

Installed high speed Ultranet LAN
and FDDI ring.

Transition from NASnet (bridged)
to AEROnet (routed network).

1993 @

Implementation of the router discovery (RFC1256),
a software program that allows a host to dynamically
choose its next-hop router for default routing,
independently of the actual routing protocol used

among the routers.

Participated in series of aviation safety
projects, RTSS, SMA, AEN, PDARS.

Set up high-speed interconnect (622 Mbps)
for DAO between Ames and Goddard,
utilizing ATM links and the NREN backbone.

Began collaboration in the Secure Advanced
Federated Environment (SAFE) project.

1994

N | of NEWT demonstrates remote access
windtunnel concept.
Supercomputing Conference demonstrated new

technologies with the world’s highest performance
supercomputing network.

Patent on HNMS - hierarchical network
management system, a distributed, scaleable |P
network monitor and manager. Used an x-window
interface to graphically display and control medium
to large-sized IP networks. Based on SNMP.

Expanded NAS LAN beyond Ames boundaries
to Research Park.

Y Deployed high-speed Gigabit Ethernet with
Jumbo-frames.

1995@
Multiple File Transfer Protocol (MFTP) N
enhanced FTP that opens multiple streams
for transferring data, to overcome the
bandwidth delay product (1994).

Demonstrated satellite-based megabit
applications using the ACTS satellite and
associated ground terminals.

ETWORK ROADMAP TIME

Vs Deployed 802.11b wireless technology into
the NAS LAN.

Co-developed with NAS security a Wireless
Firewall Gateway, featured on the cover article
of Government Computer News (GCN).

v Completed HiPPI transistion to GigE, except
CRAY Sv1 (no capability).

Demonstrated the interoperability between
independently managed NREN networks
that are based on ATM technology supplied
by multiple vendors.

Asynchronous Remote Copy Program
(ARCP). A reliable, restartable file transfer
mechanism. ARCP guarantees the
successful completion of a file transfer.
Demonstrated 155 Mbps ATM interconnects
across NREN.

NREN joins the federal Next Generation
Internet (NGI) initiative.

LINE

Established 1 Gbps link between Ames and Jet
Propulsion Laboratory (JPL).

Established 1 & 10 Gbps networks between the
nodes of the Columbia supercomputer.

2003

2004

1997

1998

Deployed OC-3 155 Mbps network across
NREN WAN.

Established NREN peering at the
NGIX-Chicago Exchange point.
Demonstrated real-time, echocardiography
Over a Wide Area Network (WAN).

1999

N Established the NGIX-West Exchange Point at
NASA Ames.

\'Transferred ATM-based WAN architecture to NISN.
\-Transferred NGIX peering technology to NISN.

Supparted the remote operation of the Nomad
Rover between the US and Chile.

2000

Deployed native multicast across NREN.

Deployed OC-12 622 Mbps network across
NREN WAN.

Utilized Uni-Directional Link Routing {UDLR),
across satellite links, to support the virtual
reality based distributed Virtual Collaborative
Clinic application.

- @
-

20010

N Developed PCMon, a passive network

monitoring tool.

Demonstrated High Definition TV streams
across NREN and Internet?2.

At the NREN Gigabit Networking workshop,
demonstrated the Digital Sky Virtual
Observatory.

N Provided multicast functionality into the NAS LAN.

Provided dynamic IP address allocation (DHCP)
into NAS LAN for visiting scientists.

The first Multicast Peering point, Multicast was
established at Ames.

Prototype Quality of Service (QoS) mechanisms
in a WAN environment between two NREN sites.

2002Q

N Demonstrated MPEG2 video conferencing
between Ames and NASA Headquarters across
the NREN WAN.

Utilized Multi-Path Label Switching (MPLS) to
partition NREN WAN in conjunction with the NA
Prototyping Network (NPN).

Supported remote collaboration among aerospace

design teams, utilizing the Virtual Flight Rapid
Integrated Test Environment via WAN-based
Multicast technologies.

QoS enables High Definition Television (HDTV)
meetings between Ames and JPL.

NREN partners with Ear se
for Aura Spacecraft Che

SA Networking and grid tec 1 cnable

Earth Science ground-truthing experiment.
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July 12, 2006

Mr. Milford Wayne Donaldson, FAIA, State Historic Preservation Officer
Office of Historic Preservation

Department of Parks and Recreation

P.O. Box 942896

Sacramento, CA 94296-0001

Re: Historic Resources Associated with the Space Shuttle Program
Dear Mr. Donaldson,

NASA Headquarters, in conjunction with the National Parks service, has begun a review of historic
resources that have been associated with the Space Shuttle Program. The objective of this process is
to identify resources that may qualify for listing on the National Register of Historic Places as the Space
Shuttle program approaches the end of its era. The Space Shuttle program was initiated on January
1972 by President Richard Nixon and ushered in the era of reusable space flight vehicles that were
designed to assist in the building of the Space Station. The historic values of this program, like the
Apollo-era program, which preceded it, are embodied in the buildings, structures and objects within the
NASA centers that contributed to the Space Shuttle program.

Attached you will find a document called Evaluating Historic Resources Associated with the Space
Shuttle Program: Criteria of Eligibility for Listing in the National Register of Historic Places. Ames
Research Center, as well as other NASA installations, plans on using the criteria contained in this
document to screen Space Shuttle era buildings and objects at the Center that may have potential for
eligibility to the NRHP.

Ames Research Center plans to have a draft report by early October 2006 for SHPO review. We would

greatly appreciate an expedited review of the draft report.

Sincerely,

Keith Venter
Facility Historic Preservation Officer
Ames Research Center

Attachment: Evaluating Historic Resources Associated with the Space Shuttle Program: Criteria of
Eligibility for Listing in the National Register of Historic Places.
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CoF Project Initiation Form

Proposed Project Title:
N234A Steam Vacuum System (SVS) Vacuum Ejector and Boiler Control System

Date: Proposed FY: Bldg. No. Prelim. Cost Estimate:
04/19/05 2007 N234A $1.587M
Category: Program Direct: Discrete: Minor:

(Choose PD or MS, then
indicate Discrete or

Minor)
Mission Support: Discrete: Minor:
X
Org. Code: Advocate: User: (If not Cost Estimator:
TSF Joseph Hartman Advocate)
M/S: Ext:
229-4 4-5269

Project Identification

Summary Project Description:
Explain what facility or environmental related work needs to be done at an overview level.

The Steam Vacuum System (SVS) is comprised of a vacuum ejector system and steam-
generating boiler. The vacuum ejector system is a large-capacity pumping system driven by
five stages of series-connected steam ejectors and is used to create the vacuum conditions
required by Arc Jet Complex operations. As the mass flow requirement of the test facility's
arc jet increases, the vacuum pressure the SVS maintains must also increase and the stages
are ramped back, accordingly, in series. Higher vacuum conditions, at lower flow rates,
require more stages to be activated.

The steam flow required for ejector operation is provided by a Babcock and Wilcox M-type
express boiler that has been modified to burn natural gas. The boiler is capable of producing
210,000 pounds of saturated steam per hour at a pressure of 425 psig. After leaving the
boiler, the steam is passed through a pressure-reducing valve. The output at the downstream
side of the valve is superheated steam at 265 psig. The system’s pumping capability is
obtained by injecting this superheated steam flow through the ejector nozzles into the
converging-diverging diffuser of the ejector. The high velocity jets of steam issuing from the
nozzles entrain the arc jet gas, and the velocity of the mixture is then converted into pressure
in the diffusers.

The current PLC, flowrate/level controllers, and ejector pressure controllers are working on
borrowed time. The PLC in use that starts, stops, and controls all active safety mechanisms
is nearly 23 years old. The hardware to maintain the system is no longer produced and must
be acquired through third party module refurbishers. The laptop interface providing program

N234A Steam Vacuum System (SVS) Vacuum Ejector and Boiler Control System 04/20/05 Code TSF Page 1 of 4



CoF Project Initiation Form

editing and diagnostics is 15 years old and unreliable. Unfortunately a laptop of this vintage is
the only type capable of running the PLC's software, and few reliable laptops of its age exist
which can replace it. The flowrate/level controllers maintain fuel, air, and water flowrates to
the boiler's burners and steam drum. The current controllers are nearly 10 years old and are
no longer supported by the manufacturer. They also require a vintage computer for graphing
and reprogramming the control curves. Communications with two of the controllers has
become intermittent and it is expected that the remaining controllers will exhibit similar
problems. The controllers at the vacuum ejector panel allow operators to modulate the steam
pressures to the ejectors for optimum performance. At 26 years of age the controllers cannot
be reliably tuned, which leads to wide swings past their set points. Pump down times are
increased when these swings cause the uncontrolled dumping of non-motive steam by the
ejectors. It takes additional time for the ejector system to pump out and condense this extra
steam. This, in turn, delays testing

Justification:
Should include justification for urgency and impact to Center Mission. Give specific
reference to enterprises or programs/projects where possible.

The SVS is an integral part of the Arc Jet Complex, which simulates the reentry
conditions for thermal protective materials. It provides the necessary vacuum
condition to ignite the arc jet and pumping action to maintain test chamber vacuum
during arc jet operation. Without its continued operation, the Arc Jet Complex would
not be able to operate.

Current mission testing for the Arc Jet Complex includes:

In-Space Propulsion Program (ISP)

X-37 prototype reusable launch vehicle program
Space Shuttle Return to Flight (RTF) Testing
Space Shuttle External Tank (ET) Program
Mars Scientific Laboratory (MSL) Program

Without the continued operation of the SVS these programs could not be performed at
the Arc Jet Complex.

Project Scope, Elements:
This project will consist of the following elements:

1) Replacement and reprogramming of the PLC rack and modules

2) Replacement and reprogramming of the flowrate/level controllers

3) Replacement of the steam ejector controllers

4) Replacement of the West side blower valve actuator

5) Replacement of boiler and blower indicators

6) Replacement and relocation of current to pressure transducers

7) Shakedown and validation testing of the boiler and ejector control systems.
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CoF Project Initiation Form

Cost Estimate Information, Miscellaneous Supporting Materials:
Breakdown should match scope, and elements from above and include an estimate for
design.

The cost estimate below is preliminary. An engineering study has yet to be conducted
to refine the projected cost and scope details.

PLC Hardware $0.098M
Flowrate/Level Controllers $0.042M
Steam Ejector Controllers $0.046M
Blower Shutter Valve Actuator $0.017M
Current to Pressure Transducers $0.028M
Boiler and Blower Indicators $0.042M
Labor: Design $0.156M
Installation $0.460M

IST $0.387M
Documentation $0.039M
Construction Management $0.012M
Contingency $0.259M
Construction Total $1.587M

N234A Steam Vacuum System (SVS) Vacuum Ejector and Boiler Control System 04/20/05 Code TSF Page 3 of 4



CoF Project Initiation Form

ENVIRONMENTAL CHECKLIST

Part A:

1. Will this activity result in changes of potable water
use greater that 851,000 gallons/year

2. Will this activity result in a change in employment
levels greater than 620 people?

3. Will there be any construction or other activity north
of Allen Road (flood plain and wetlands areas)?

4. Will there be any action which could or will affect
any threatened or endangered species (north Allen
Road)?

5) Will there be any action affecting areas of historical
(Moffett Shenandoah Plaza area, Hanger One) or
archaeological significance (directly west of the
OARF)?

Part B:

1) Discharge of any substances into the air, surface or
ground water, sanitary sewer, or soils.

2) Removal of vegetation or destruction of wildlife
habitat or grading activities.

3) Acquisition, use, generation, storage, or disposal of
any toxic or hazardous substances.

4) Generation of hazardous, toxic, or radiological
wastes.

5) Generation of ionizing or non-ionizing radiation.

6) Generation of high noise levels (above 80 dBa).

7) Activities resulting in changes of greater than
2,200,000 KWH of electricity, or 3,130,000 CF of
natural gas per year for Ames’ energy consumption.
8) Use of pesticides, including insecticides,
herbicides, fungicides, and rodenticides.

9) Construction or modification of a sewage collection
or transmission system.

N234A Steam Vacuum System (SVS) Vacuum Ejector and Boiler Control System

Yes

No

Maybe

Yes

No

Maybe

X | X | X | X | X | X

b

04/20/05

Code TSF
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CoF Project Initiation Form

Proposed Project Title:
Arc Jet Complex Data Acquisition Systems Upgrade

Date: Proposed FY: 09 Bldg. No. Prelim. Cost Estimate
04/20/05 N234 & N238 $1.25M
Category: Program Direct: Discrete: Minor:

(Choose PD or MS, then
indicate Discrete or

Minor)
Mission Support: Discrete: Minor:
X
Org. Code: Advocate: User: (If not Cost Estimator:
TSF Joseph Hartman Advocate)
M/S: 229-4 Ext: 4-5269

Project Identification

Summary Project Description:
Explain what facility or environmental related work needs to be done at an overview level.

An upgrade to the Data Acquisition Systems of the Ames Arc Jet Complex is desired
to better protect the data systems from the harsh arc jet test environment, improve
data quality and measurement accuracy, and increase the efficiency of the technician
staff that supports arc jet testing. The data systems need improved protection from
the high levels of electromagnetic interference and potential arc strikes onto models
and instrumentation, which is created by the partially ionized flow and arc heater
power supplies. The upgrade would procure high-precision isolation amplifiers, which
can make accurate measurements in such adverse conditions, and integrate them into
the data system front-end. The project would also include automated calibration
hardware and programming, such that the amplifiers could be maintained at a high
accuracy with minimal technician effort.

Justification:
Should include justification for urgency and impact to Center Mission. Give specific
reference to enterprises or programs/projects where possible.

During the recent review of NASA'’s core competencies, Ames Research Center was
sited as a key center for Entry, Descent, and Landing Systems, specifically for its
expertise in Thermal Protection Systems (TPS) and Technologies. One critical
element of this expertise is the Arc Jet Complex whose facilities have provided
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CoF Project Initiation Form

materials and systems testing for nearly every NASA spacecraft that has entered an
atmosphere, be it that of Earth, Mars, Jupiter, or even Saturn’s moon, Titan.

In order to perform hypersonic and TPS testing in the Arc Jet Complex, an arc jet
facility uses a stable, high-power, electric arc to heat the gas stream to such extreme
temperatures (more than 10,000 °F) that it is partially converted into ionized plasma.
Both the electrically conductive plasma and the electromagnetic interference,
introduced by the power supplies, one of which is designed to exceed 75 Megawatts
of continuous, direct current power, present a significant hazard to the sensitive
electronic instruments that are used to make measurements of the materials and
models. In the most powerful facility in the complex, the Interaction Heating Facility
(IHF), electromagnetic fields on the order of hundreds of volts can be detected when
the arc initially strikes. These pulses can be picked up on thermocouples, which
provide signals that are only millivolts in strength. Because the arc jet stream has
been partially ionized, it is significantly more electrically conductive and can charge a
test model to high electric potentials. Component failures were common and could
result in repair costs exceeding $10,000 per month before industrial-quality signal
isolators were implemented at the IHF to protect the data system from these high
voltages. While it is rare, arc jet facilities can experience an arc strike outside of the
heater and even onto the test model. With a power supply operating at several
thousand volts, such a strike could result in the destruction of hundreds of thousands
of dollars of test equipment and significant delays to TPS testing on the critical-path to
a spacecraft launch.

The industrial-quality isolators currently in use in the Arc Jet Complex facilities are
merely adequate to provide immediate protection of the data acquisition system, but
they limit the ultimate accuracy of the data system and require continual evaluation
and adjustment to keep the system sufficiently accurate (0.1% or better). With
precision isolation amplifiers, this concern is eliminated with components that typically
perform to 0.02% accuracy, far closer to that of the analog-to-digital converters in use.
In addition, modern, computer-controlled components allow automated calibration to
quickly and easily confirm or improve accuracy. This improved accuracy is required to
improve the fidelity of the arc jet simulation and provide increased data quality to
critical reentry systems development projects.

Current mission testing that would benefit from the proposed upgrade include:

In-Space Propulsion (ISP) Program — Aerocapture TPS design and sensors
X-37 prototype reusable entry vehicle program

Space Shuttle Return to Flight (RTF) — Repair materials and methods
Space Shuttle External Tank (ET) Program — Improved insulation foam
Mars Scientific Laboratory (MSL) Program — Probe entry shell TPS

The proposed facility enhancement will allow the facility to meet the stringent
requirements imposed by these and future programs, ensuring continued, high-quality
materials testing capability.
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CoF Project Initiation Form

Project Scope, Elements:
This project will consist of the following elements:

1) Specify and procure precision isolation amplifiers and the auxiliary components
(chassis, data acquisition boards, etc.) required to support them.

2) Develop software to implement automated calibration of the ampilifiers.

3) Re-program the data acquisition system software to integrate amplifier
calibration, configuration, and use.

The following items will have to be conducted around scheduled arc jet testing and planned
to result in the minimal practical downtime:

4) Install or modify data acquisition system enclosures to house the new amplifier
components.

5) Incorporate amplifiers into the data system infrastructure of the Arc Jet Data
Acquisition Systems.

6) Install components to provide automated calibration of the amplifier units.
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CoF Project Initiation Form

Cost Estimate Information, Miscellaneous Supporting Materials:
Breakdown should match scope, and elements from above and include an estimate for
design.

The cost estimate below is preliminary. An engineering study has yet to be conducted
to refine the projected cost and scope details.

Isolation Amplifiers for IHF, AHF, PTF, and DAF $750k

(approx. 50 channels per facility + chassis)

Enclosure Components $30k

Equipment Installation (Labor) $240k

Programming Support (Labor) $70k

Management, Overhead, and Contingency $160k
Construction Total $1,250k
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ENVIRONMENTAL CHECKLIST

Part A:

1. Will this activity result in changes of potable water
use greater that 851,000 gallons/year

2. Will this activity result in a change in employment
levels greater than 620 people?

3. Will there be any construction or other activity
north of Allen Road (flood plain and wetlands areas)?
4. Will there be any action which could or will affect
any threatened or endangered species (north Allen
Road)?

5) Will there be any action affecting areas of historical
(Moffett Shenandoah Plaza area, Hanger One) or
archaeological significance (directly west of the
OARF)?

Part B:

1) Discharge of any substances into the air, surface
or ground water, sanitary sewer, or soils.

2) Removal of vegetation or destruction of wildlife
habitat or grading activities.

3) Acquisition, use, generation, storage, or disposal of
any toxic or hazardous substances.

4) Generation of hazardous, toxic, or radiological
wastes.

5) Generation of ionizing or non-ionizing radiation.

6) Generation of high noise levels (above 80 dBa).

7) Activities resulting in changes of greater than
2,200,000 KWH of electricity, or 3,130,000 CF of
natural gas per year for Ames’ energy consumption.

8) Use of pesticides, including insecticides, herbicides,
fungicides, and rodenticides.

9) Construction or modification of a sewage collection
or transmission system.

Arc Jet Complex Data Acquisition System Upgrade:JJM 04/20/05

Yes

No

Maybe

Yes

No

Maybe

X X | X X | X X

Code TSF
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CoF Project Initiation Form

Proposed Project Title:
Steam Vacuum System NO, Emission Reduction System

Date: Proposed FY: 09 Bldg. No. Prelim. Cost Estimate
20 Apr 2005 N238A $2.40M
Category: Program Direct: Discrete: Minor:

(Choose PD or MS, then
indicate Discrete or

Minor)
Mission Support: Discrete: Minor:
X
Org. Code: Advocate: User: (If not Cost Estimator:
TSF Joseph Hartman Advocate)
M/S: 229-4 Ext: 4-5269

Project Identification

Summary Project Description:
Explain what facility or environmental related work needs to be done at an overview level.

The Ames Arc Jet Complex is the largest arc jet facility of its type in the United
States. The complex is composed of a number of individual test legs including
the Interaction Heating Facility (IHF), the Aerodynamic Heating Facility (AHF),
and the Panel Test Facility (PTF). The Ames arc jets provide super-heated air at
hypersonic speeds to simulate the high-temperature flows experienced by
spacecraft reentering planetary atmospheres. As consequence of heating air at
temperatures up to 10,000 K, a significant amount of pollutants in the form of
nitrogen oxides (NOy) are also produced. Left untreated, these NO, emissions
would need to be vented directly to the atmosphere in direct conflict with local,
state, and federal air emission regulations. The arc jet facility currently provides
a NOy scrubber system designed to remove these pollutants to levels that meet
all required air emission regulations. However, the current system is over 30
years old and nearing the end of its useful life. To ensure interrupted facility
operation, a replacement of this system is required within the next few years to
ensure that emissions from the facility continue to meet air regulations. This
project will design, fabricate, and install a new NO, emission reduction system to
replace the existing aging and deteriorating scrubber system with newer and
more maintainable system.
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Justification:
Should include justification for urgency and impact to Center Mission. Give specific
reference to enterprises or programs/projects where possible.

The Ames Arc Jet Complex was designed and constructed in the late 1960’s
and early 1970's to validate the thermal performance of reentry thermal
protection systems (TPS). It has been used to test the design of virtually every
TPS employed on NASA missions for the last thirty years. The Arc Jet Complex
continues to be a key facility for the development of current and future
spacecraft and supports NASA’s key mission goals of planetary and near earth
orbit exploration for both manned and unmanned vehicles. Since its initial
construction, NASA missions have continued use of the arc jets, which, with the
use of the air emission reduction system, allow the facility to meet all required air
emission standards. It is anticipated that within the next several years the facility
may no longer be able to meet key current and future air emission requirements
with the current infrastructure. To ensure continued compliance with local, state,
and federal laws, a replacement air emission reduction system described here
will be needed.

Current mission testing requirements that require the proposed upgrade include:

In-Space Propulsion Program (ISP)

X-37 prototype reusable launch vehicle program
Space Shuttle Return to Flight (RTF) Testing
Space Shuttle External Tank (ET) Program
Mars Scientific Laboratory (MSL) Program

The proposed facility enhancement will allow the facility to continue to meet the
requirements imposed by these and future program ensuring NASA'’s continued
materials testing capability.

Project Scope, Elements:
This project will consist of the following elements:

1) Development of the necessary emission levels requirements to meet or
exceed current and anticipated future legal requirements.

2) Identification and conceptual design of possible emission reduction system
configuration meeting the requirements in item 1 above.

3) Detailed design of the specific emission reduction device including
chemical, structural, and mechanical phases in sufficient detail to provide
for fabrication of the device.

4) Fabrication of the actual emission reduction device.

5) Identification and design development of facility modifications required to
install, operate, and maintain the emission reduction device. This includes
structural, cooling water, electrical, and control modifications.

6) Construction modifications of the existing facility in order to accept the new
emission reduction device.

7) Installation and integration of the emission reduction device into the IHF
facility.
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8) Facility shakedown and validation testing of the new emission reduction
device.

Cost Estimate Information, Miscellaneous Supporting Materials:
Breakdown should match scope, and elements from above and include an estimate for
design.

Hours Amount
Design
Chemical Design 550 $79,200
Structural Design 400 $57,600
Mechanical Design 600 $86,400
Management 155 $22,320
Sub Total $245,520
Fabrication $1,350,000
Construction
Permitting, Environmental $85,000
Site Preparation $280,000
Installation $410,000
Management $69,000
Sub Total $759,000
Validation
Engineering 200 $28,800
Mechanical Modification 100 $14,400
Management 30 $4,320
Sub Total $47,520
Total $2,402,040
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ENVIRONMENTAL CHECKLIST

Part A: Yes No Maybe

1. Will this activity result in changes of potable water
use greater that 851,000 gallons/year

2. Will this activity result in a change in employment X
levels greater than 620 people?

3. Will there be any construction or other activity north
of Allen Road (flood plain and wetlands areas)?

4. Will there be any action which could or will affect
any threatened or endangered species (north Allen X
Road)?

5) Will there be any action affecting areas of historical
(Moffett Shenandoah Plaza area, Hanger One) or X
archaeological significance (directly west of the
OARF)?

Part B: Yes No Maybe

1) Discharge of any substances into the air, surface or
ground water, sanitary sewer, or soils.

2) Removal of vegetation or destruction of wildlife
habitat or grading activities.

3) Acquisition, use, generation, storage, or disposal of
any toxic or hazardous substances.

4) Generation of hazardous, toxic, or radiological X
wastes.

5) Generation of ionizing or non-ionizing radiation.

6) Generation of high noise levels (above 80 dBa). X

7) Activities resulting in changes of greater than
2,200,000 KWH of electricity, or 3,130,000 CF of X
natural gas per year for Ames’ energy consumption.

8) Use of pesticides, including insecticides, X
herbicides, fungicides, and rodenticides.

9) Construction or modification of a sewage collection X
or transmission system.
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CoF Project Initiation Form

Proposed Project Title:
Semi-Elliptical Nozzle for Interaction Heating Facility

Date: Proposed FY: Bldg. No. Prelim. Cost Estimate
04/18/2005 09 N238 $3.64 M
Category: Program Direct: Discrete: Minor:

(Choose PD or MS, then
indicate Discrete or

Minor)
Mission Support: Discrete: Minor:
X
Org. Code: Advocate: User: (If not Cost Estimator:
TSF Joseph Hartman Advocate)
M/S: 229-4 Ext: 4-5269

Project Identification

Summary Project Description:
Explain what facility or environmental related work needs to be done at an overview level.

The Interaction Heating Facility (IHF) is NASA’s largest constricted arc jet facility. The
IHF provides super-heated gas at hypersonic speeds to simulate the high-temperature
flows experienced by spacecraft entering planetary atmospheres. Candidate thermal
protection materials, TPS, in single sample or in assemblies, are tested under
simulated heating conditions of hypersonic entry into Earth, Mars, or other planet’s
atmospheres. Experiments in IHF provide data that is critical to the design and
success of human spaceflight programs and to scientific planetary spacecraft
missions.

One of the critical elements of the IHF, the semi-elliptical nozzle, provides unique
boundary-layer flows over large, 80cm x 80 cm test panels, simulating a portion of
TPS acreage on a spacecraft. The nozzle is a highly water-cooled copper assembly
that must absorb the high heat fluxes generated by the intensely hot internal gas
flows. The thermal design requirements are similar to that of a rocket nozzle, though it
is operated in a ground facility in the N238 laboratory. The present nozzle, after about
3 years of service, is showing severe degradation in its shape and strength of
materials caused by lack of adequate water cooling. A previous nozzle of exactly
similar design also degraded in the same fashion. Fabricating more nozzles using the
same design would be futile in that there would be no improvement in safety,
reliability, or performance. A new nozzle design is therefore required with an
improved water-cooling scheme. The scope of this project is to complete the design
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CoF Project Initiation Form

and fabrication of a new semi-elliptical nozzle that will safely operate over a period of
20 years without degrading or warping.

Justification:
Should include justification for urgency and impact to Center Mission. Give specific
reference to enterprises or programs/projects where possible.

The IHF arc jet facility was designed and constructed in the early 1970’s to validate
the thermal performance of reentry thermal protection systems (TPS). It has been
used to test and validate the design of virtually every TPS employed on NASA
missions for the last thirty years. The IHF facility continues to be a critical facility for
the development of current and future spacecraft and supports NASA’s key mission
goals of planetary and near-earth orbit exploration for both human and robotic space
vehicles. Failure of the semi-elliptical nozzle, a key component of the facility, would
result in significant down time and delay of acquiring critical test data. The time to
build a replacement is approximately 8 to 12 months. A spare nozzle exists now and
yet it has demonstrated the same operational problems. Fabricating more spares is
not cost efficient and therefore not recommended as a solution.

Since the initial construction of the IHF, NASA mission requirements have expanded
to include longer duration tests and higher power levels. Current semi-elliptical nozzle
hardware has experienced significant degrading manifested as warping and materials
overheating. These have lead to altering the shape of the nozzle through which the
test gas flows, and to leaks of high pressure cooling water. The warping is due to
excess thermal stress because of inadequate water cooling. Warping degrades the
flow quality and has lead to weeping water leaks. The quality and safety of operations
are being compromised by these problems. The faulty design of the water cooling
passages has been identified as the direct cause of these issues with existing
hardware. Designing a new semi-elliptical nozzle using new, copper electroforming
technology that will incorporate improved water cooling passages can avoid these
issues. This forming technology has already been demonstrated in other NASA
ground test facility nozzles. It must be recognized that the design of this type of
hardware borders on the limits of convection-cooling techniques close to material
limits of temperature and pressure because of the severe high heating loads that the
nozzle experiences in normal operation.

The goal is to successfully design and operate the nozzle which can absorb a heat
flux of over 6000 W/sq.cm. continuously for hours, survive multiple exposures per day,
and have a life expectancy of twenty years. The internal flow contours for the super-
heated test gas will not be significantly altered from the present design. The proposed
new semi-elliptical nozzle will allow NASA to meet the more stringent testing
requirements imposed by present and future programs and to ensure NASA’s
continued arc-jet testing capability. It will improve operations by eliminating the
present high pressure leaks and nozzle warping which compromise the integrity and
quality of arc jet testing.
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CoF Project Initiation Form
Current mission testing requirements that require the proposed upgrade include:

In-Space Propulsion Program (ISP)

X-37 prototype reusable launch vehicle program
Space Shuttle Return to Flight (RTF) Testing
Space Shuttle External Tank (ET) Program
Mars Scientific Laboratory (MSL) Program

Project Scope, Elements:
This project will consist of the following elements:

1) Development of the maximum heat flux to be absorbed, and the distribution of
heating. This will provide the requirements to adequately cool the nozzle using
high pressure cooling water (flow and pressure requirements). Advanced
computational tools and engineering correlations will be used to complete this
task element.

2) Identify and produce conceptual design(s) of cooling passages that meet thermal
and structural loads.

3) Detailed design of the semi-elliptical nozzle throat including thermal, structural,
and mechanical phases in sufficient detail to provide for fabrication of the
assembly. Detailed three-dimensional solid models will be generated and
analyzed to complete this element.

4) Fabrication of the hardware.

5) Identification and design development of facility modifications (if any) that are
required to install, operate, and maintain the new nozzle. This includes structural,
cooling water, electrical, and control modifications.

6) Inspection, assembly, test, and final acceptance of the new semi-elliptical nozzle
hardware.

7) Installation and integration of the nozzle into the IHF arc jet.

8) Facility shakedown and validation testing of the new nozzle.
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CoF Project Initiation Form

Cost Estimate Information, Miscellaneous Supporting Materials:
Breakdown should match scope, and elements from above and include an estimate for
design.

The cost estimate below is a preliminary. An engineering study has yet to be
conducted to refine the projected cost and scope details.

Preliminary requirements study $0.55 M

Detailed design and shop-ready drawings $0.50 M

Manufacturing the nozzle $1.75M

Inspection, Test, and Assembly $0.23 M

Construction Management,

Contingency $0.61 M
Construction Total $3.64 M
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CoF Project Initiation Form

ENVIRONMENTAL CHECKLIST

Part A:

1. Will this activity result in changes of potable water
use greater that 851,000 gallons/year

2. Will this activity result in a change in employment
levels greater than 620 people?

3. Will there be any construction or other activity north
of Allen Road (flood plain and wetlands areas)?

4. Will there be any action which could or will affect
any threatened or endangered species (north Allen
Road)?

5) Will there be any action affecting areas of historical
(Moffett Shenandoah Plaza area, Hanger One) or
archaeological significance (directly west of the
OARF)?

Part B:

1) Discharge of any substances into the air, surface or
ground water, sanitary sewer, or soils.

2) Removal of vegetation or destruction of wildlife
habitat or grading activities.

3) Acquisition, use, generation, storage, or disposal of
any toxic or hazardous substances.

4) Generation of hazardous, toxic, or radiological
wastes.

5) Generation of ionizing or non-ionizing radiation.

6) Generation of high noise levels (above 80 dBa).

7) Activities resulting in changes of greater than
2,200,000 KWH of electricity, or 3,130,000 CF of
natural gas per year for Ames’ energy consumption.
8) Use of pesticides, including insecticides,
herbicides, fungicides, and rodenticides.

9) Construction or modification of a sewage collection
or transmission system.
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