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1. INTRODUCTION 

1.1 PURPOSE 

The purpose of this document is to provide a single program reference 

cont!'lining the primary information required to define the lunar surface 

operational guidelines for the Apollo J Missions. Data and guidelines 

presented in this document are those that have been concurred with for 

use in current lunar surface operations planning and study. Maintenance 

of this document will be terminated when the information is incorporated 
. . . 

into the Apollo Spacecraft Operational Data :Books, Lunar Surface Operations 

Plans and Procedures and other official NASA source documents. 

1.2 SCOPE 

Information presented in this document i.s the basic data and guide­

lines required to define the enve~ope of lunar surface operational capa­

bility. The level of detail is limited to that. required to uniquely define 

an essential aspect of the capability envelop~ for current and near term 

needs.. Required .information that Js. not fully approved or that is not 

presently available in the desired form is included herein in the best 

form available. Wl:lere uncertainties el(:ist in basic data or guidelines 

needed for completeness of lunar surface planning, reasonable limits or 

bounds are identified. In cases where needed data are not available 

. in any reasonable form, it is identified as "TBD11
• 



2. GUIDELINES SUMMARY 

Guidelines for Apollo J missions EVA planning are sununarized in this 

section, based upon the data and assumptions that are discussed in the 

succeeding sections. 

2.1 LUNAR SURFACE STAY GUIDELINES 

2.1.1 LM Staytime 

The LM staytime on the lunar surface .is planned to be 65-1/3 hours 

from touchdown to liftoff. 

2 .1. 2 Extravehicular Activities 

Three periods of extravehicular activity (EVA) on the lunar surface 

are planned during the LM·lunar stay~ Each EVA period is defined as the 

interval duringwhich.the 1M cabill..pressure is less than3.5 psia. 

1st EVA: Duration \lp to .6 liol1rs - limited by crew work/ 

rest cycle requirements, and EVA start tinle of 

t.oU:chdown p.':U.is 4 hpU:rs. 

EVA Overhead* 1;..3/4 hours initial 
3/4 hourfinal 

2i!.d EVA: Duration up to 7 hours**;.... limited byPLSS 

battery ap~ .creW11lan's ability tofunction 

prop.erly . in a PGA. 

EVA Overhead 3./l;<hour initial 
.3/4.ijq~r.fit:lal 

3rd EVA I>uration tip to 7 >hours ·.~ limited J:jy PLSS 

,bad:ery and cre,wman's,abi:l,ity t:o fupction 

propel:'lw. ,i.n,. a ;PGA. . 
~ ~· " .. - - ; . '· -:-- . -

3)4 hour .:ini.ti~l: · 
·. l·hour >finai · 

· .· :·<E. . . f:f> · ... > ••• 

•.EVA o~~~p.aa ~~ ~Ji¢. ~~.; i~4~~~.,a t~ )'er~~D!l .,);ce~~,;Y EVA .•• ,,~k• Which 
do .not con~ri.:bt.i~~ d].recd.y to sciel).~i.fic.~ctiv~tiesor ).unar surfa,ce 

explo,ratton~ ·• )> ·.· · ....••••.....•. ·• .. ·· • • r; ·· .. · .... .. > \ ... 

**Conti.ngerit 11P9n.·s~f£i.ci~nt 1.~¥ ridi~g t-1-11\e to .re,du~e th.e .• crew average 
met:aboli~ rate t:q .a··level at which t}1efLSS cqpsu~p.!es ~re ..• a~eqpate 
for 7 . bo11rs ~ · · · · ·· · · · · · 



2.2 EVA GUIDELINES 

It is assumed in EVA planning that both. LM crewmen participate jointly · 

in all excursions away from the. immediate vicinity of the LM and remain 

within sight of each other at all times. 

2.2.1 Crewman Metabolic Rates 

• Activity Metabolic Rate (~et) 

LRV Riding 

Normal Working 

Contingency Walking 
@ 3.3 km/hr · 

2.2.2 PLSS ~onsumables 

700 BTU/hr 

1050 BTU/hr . 

1440 BTU/hr 

Life support for J-illission luQ.ar surface EVA's will be provided by 
.· ' 

the -7 PLSS. Mini.Jxlum PLSS performance. guaJ;'anteed by the specification is 

. noted in Appendix .A. PLSS consumabl,es peJ;.fo~11ce capability is expected 

to be greater than the specification min~;.specifically in the quantities 
> ;., ·}·' ·' ,· 

of oxygen .and feedwater available.. 'l'heee l1,ln.ar s11;rface EVA planning guide-

lines are developed around the "current expe~ted .. PLS~ consumables 

capability as. discussed })elow. 

Lunat' surface Jl:VAplanning shohld a11ow.a'3o.:..m:t7,lute PLSS consumables 
' .· . . ~.>,, t 

re~erve to remain at the end <>f 'eaCh perio4~, Tb.is consUlllables reserve is 
- . I,· ,' , : . . >· .. ·' · .. ·_ ···,.: 

based on the no:rmal wor}{ing metabolic 'I'ate, e>f 1Q50 BTu/llr• 

PLSS battery caP~Rili~y proy:ides •7 119'f~.s EVA ciipability 10 plus the 

30-minute reserve.~ 

The PLSS. is ~pected t:oproy1,.9e 

an EVA,. pl11s the addit1.'opa130~i~~e reJse!~e 
specificatioA mtnimulu · (~uie APP~~~ A) ; 

PLSS oxygeli. is 11Sed a,t t~ft.f~t;el3 "~hRwn 



Activity • (o2 leak rate, wlk> · 

LRV Riding 

Normal Working 

Contingency Walking 

Table 2. 2-1 

Oxygen Consumption Rates (lbs/hr) 

EVA-1 EVA-2 
(o.oi lbs/hr) (0.02 lbs/hr) 

0.1255 0.1355 

0.1833 0.1933 

0.2476 0.2576 

EVA-3 
(0. 03 lbs/hr) 

0.1455 

o. 2033. 

0.2676 

The -7 PLSS is expected to provide 10.62 pounds of usable feedwater, 

corresponding to 11,000 BTU of_cooling capacity. for nominal EVA use. The 

required 30-minute feedwater reserve is prDvided by the quantity remain­

ing· in the slave to the sublimator. This expected capability is in excess 

of the specification minimum performance (see [\.ppendix A). Effective heat 

rates at which the feedwater is used are summarized in Table 2.2-2. 

1\ct~vity • 
(Heat Leak, Qhl) 

LRV Riding' 

Normal Working 

Table 2•2-2 

Effective Heat Rates (BTU/Hr) 

EVA·d 
.. (0) 

- ., ' 

1221 

1656. 

The PLSS LiOH ca~tridge~l'F<>y~des more t:~aD.'7 ho~rs: of co2 removal 

capability' ltitb. at least: ~0 m~11\i~~~ .re~erve, ~t .. the p+anned llletabolic ·• 

expenditure rate$. 

2.2.3 

<~. · ••. · .···.··•·• · ...•.•....•.. ·. !\/; > ; 
LRV sp.eed for nol:lJllil traver£1e<p]:al]ning kilometerf;;.pe,r·hour ove,r 

the lunar-·surface d:f.stance ·tr~v~i~~.;····. 

JNA. trav~~"¢ )';1;;\18 ~~t ;;c~~~;~ ~ft *"~~¥t ats~;in<:<js • ~<1 be ti,.ve1ed 
over tb.e luMrsl!rfac¢;than.mea~uz;ed poi~t.,.t<>,~point:~p~dif:ltan(!es. 



EVA pl&nning are as follows: 

Terrain Type 

Smooth Mare 
Rough Mare 
Hummocky Uplands 
Rough Uplands 

Surface Distance Traveled 
per Unit Map Distance 

1.16 
1.18 
1.24 
1.31 

The maximum return distance to the LM from any point in a traverse 

is limited to 9.5 kilometers. This constraint is to al.low the crewmen 

to make an emergency return to the LM on the LRV using the Buddy-Secondary 

Life Support (BSLSS) System in case .of a PLSS failure during an EVA. LRV 

average return speed under emergency conditions is assumed to be.lO kilo­

meters per hour. 

The lUXimum BSLSS/OPS duration of 1.25 hours allows 5 minutes for 

connecting the buddy hose and 13 .11lin1.1tes to ingress the LM, wit.h 0. 95 

hour available to. return to the IM, 

Fpll0l'71:ng an LRV failure, it •. is as.sumed the crew WoUld drop all pay-
, . . . 

load and walk ba~lc;. to the,LM via 'tlle D1Pst 4iti~ct route. The PLSS walk back 

capability 11Jnit~ (at·conting~nc~ l\J~lki~:speed of 3.3 kilometers per hour) 

is a function of ti.nie :and is shown in F'if$uJ:es 2~1 thro11gh 2-3. 
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BSLSS RIDEBACK LIMIT 

PLSS H20 WALK­
BACK LIMIT . 

e MAX WORKING 

PLSS 02 WALK­
BACK LIMITS 

e MAX WORKING 

NORMAL RIDE­
BACK LIMIT 

\ 

' 
' ' ' ' ' ' \ 

\ 

\ 
0~------._----~----~--_.------~--------~~--~._----~~ 
0 6 1 

EVA TIME - HOURS 

·Figure ~-1. CQntingency. Walkback Lilll.its ;.. EVA I 
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PLS Hz 0 WALK­
BACK LIMIT 

e MAX WORKING 

BATTERY & 
TIME LIMIT 

~ 4~-----4----~~~----~------t-----~~~~-r----~ 
.... 
Q 

Figure 2-2. Contingency Walkback Limits - EVA 2. 
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3. . LUNAR SURFACE MISSION PLANS 

To achieve mi.ssion objectives and maximize the scientific and technical 

return, lunar surface missions must be planned to efficiently utilize the 

limited staytime on the lunar ·surface. For the J-1 mission. a lunar surface 

staytime of 65-1/3 hours, with three EVA periods, is planned. The·profile 

of this lunar surface stay is shown in Figure 3-1. 

3.1 LUNAR SURFACE STAYTIME 

The limitation on lunar surface stayt:ime is governed primarily by the 

amount of LM consumables (electrical power, water and .oxygen) available • 

The consumable limit. on electrical power is ett.countered firf;t, at approxi­

mately 72 hours (depending on the .final .estimates of battery capability and 

the actual electrical load pr()files). · Details of ,1::he consumables usage 

appear in the l:ollowing sec·t:ions • 

3. hl LM Consumables 

. . 

The LM descent s.t~ie batter.ies supp~y spacecraft ele~tfi~al power for . 

the lunar stay period. ··. I.M electrical pow~r:l"equiriiilents ;capill~ met for 

approximately. 72 hours, depending upon the. ~itl,al:. estimate~ of battery Cl!Pa~ 

bility an.d ~he ele~t~ica~ loiid profiles~"\ cuirent estimat~s:·rif'"the· electri­

cal power consumed and.' the ~nln~gin r$mai1ltn~. ;or the 65~1l3 ~our staytime are 

s~r~zed in Tables···~~f;at1d 
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Apollo J":'l Mission l.unar Surface Titneline 
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TABLE 3-2 

LM LUNAR STAY ELECTRICAL REQUIREMENTS 

Required 
Event Duration (hrs) Amps Amp-Hours 

• 
TD to Power Down 2.0 43.0 86 

VA-l Prep 2.0 25.0 50 
VA-l 6.0 19.0 114 
ost EVA/Eat 3.0 22.0 66 

Rest 8.0 20.5 164 
at/EVA-2 Prep s.o 22.0 66 
VA-2 7.0 15.0 105 
os t EVA/F;at :3.0 22.0 66 

s.o 20.5 164 
3.0 22.0 66 
7~0. 15.0 105 
2.() 20.-5 41 
6.0 19.0 152 
1,0, 20.5 21 

. ·2 .• 08.*~ 43.0 89 

*PNGS power up assumrd at beginning of prep period. 
**Descent batteries assumed dead faced 15 minutes prior to lift-off. 

. 'UNl1SMI,.E LM l>ESCENT ELECTRICAl,. .POWER 

~Pre:mis~ion ~a~ibtat:ioil:ot:.¥CA's is ex~.ecte~ ~o<r:educe TM inaccuracy 
from 138 atnp""'hours t(),~t.lle esfimat:~(j "/0 amp-'ll()l..ltS. 



3.1.1.2 · LM Water 

The LM descent stage. water tanks supply the water used for cooling 

the LM cabin, cr~ consumption and PLSS refilling during the LM lunar stay. 

Current estimates of the descent stage water used and the margin remaining 

for the 65-1/3 hou~ lunar staytime are summarized in Table 3-4. 

TABLE 3-4 

J-TYPE MISSlON.LM DESCENT STAGE.WATER BUDGET 
(65-l./3 HOUR LUNAR STAY'l'IME) . 

Des cent Stage Tank Lo.ding 
Unusable · 

Tank ~s.idual. . 
Loading Uncertainty 
Sampli11,g · . ·· 

Av~labl; f9r. Missi~ . 
Required'for;·Hle.sion. 

Sublimation 
Urine Loss 
PLSS Refills 
pqn~ensa~e. tost· 

ReDiaining in Tank 
Dispersion (5%) 

.333.0 lbs. 
-28.3 



3.2 

T~tE 3-5 

J..:TYPE MISSION LM DESCENT STAGE OXYGEN BUDGET 
(65-1/3 HOUR LUNAR STAYTIME) 

Descent Stage Tank Charge 
Unusable · 

Tank Residual 
Loading Uncertainty 
End-to-End Error, ACE 
System l:£B;k 

Avail@le For Mission . 
Required For Mission 

Metabolic 
Cabip '(.eakage . . . :, 
Cabin Regula~()r Check. 
PLSS lt¢lill81l< ··... .. , .. ·. 

(:abi11 R,epr.!ssQrizatioi1s**. 

Remaip.lng .. .ii! .• T@k; • .. 
__ -.. -- ;·. ' ;·,' 

(S%):: 

48~00 lbs. 
-3.65 

44 •. 35 lbs. 
-28.27 

.·:.·\:<:·· ... ::.~.·j: :·:.: '. '. ·>: : .. 
The :lunar surface EVA pei'i.OM plap11~d.for the J..;.l.,il.lissfon (Figure 

3-1) result ··prtJruiri).~· ~~()m •. ·cP1l~~d~~ati~n of cfe,~W"ox-k/xe$t c;¢1e .· .. g~ide-
.. line.s and. life s~pport .. syst:em.capa,hl,,li.~y: •. cr~w w~rk/r:est .. <:yc~e gUidelines 

is • basic~lif depen,4~~t. irp~n .theca~a~~fttfot tlifportf:~le ··life· ·s~ppqrt 
system (PLSS) empioye4 ~d tb,e rat~>·at ~~ich it. is psed•. Details of the· 

PLSS. consum~ll>l.~~.~;!p~bili~ 8:~e d~l~c~$~d;in Ap;~ndil$: tA,. al)d 
discU$sed in ~k~ti'ol1 4~ ·· J:·:; / . ; · .. · 
c;r:ew/wor~/ieJ t fYeie,';i4d:el.~1l~~· .~i'~·· ~~r~¢e4 

e .-ri.e. ·crew.w(J~~Jr;~t···2fcl.~;~~~~~jit;~~··(i~'a{s~~y··incluc1.es ..•. EVA, ··~t; 
'iea~t. ~p,··~~t:lng.per~q~s :·~~2~q~ ~e~t .cpe.~ipct~no flhol)ld. be ·.pl,a1111ed 
~o · be.·. ~s clo~f!;to/:?4 '.llo~r$ i'll •i:l.u~at~o~ba~ P9S$~l:>;t~. . 

• .Tije ... pl,~l}ti~<i/·~~l1~tnll:~~~~:~~~~;·~t~{~;~·ko:rina.~D:~s.~.~()l1 •. Qperatl.o~· 
·shtlt!lclt~()t ~ltc~#:9·~6z:~t>~+S~'··.'f"r•p,il!t1n~~·•C()nt~~gency .op~ra.t:ions .. 
thl.$ con~i1;1u~~· ~\Y~~··~i.~~.'~tln ~~ ~xt;~nti~ci•. t:o ~~ .• bo\lt,t;, p+oY.fded 
it;· is fpl~Oivt:d·~Y ~ ~t~~f li~t* ~l,eep. pef'ipd .. ~11!1 :a. ·r~t\lrll: to the 
ntlpnai.t;leep,--afs.ke:~y~~~·· ···. · · · · · · · · 

•.;···· . '·t~Js'>········· ... · . 
. ·.···•·····.········ ... }•s.~~c<······ 

.. ·. ;;~·{·~x:t 



8 One EVA~ period· on the day of lunar landing is the maximum allowable 
for planning. Only one EVA period should be planned for each 
succeeding work/rest cycle. Back-to-hack EVA periods are undesir­
able and should be employed only when science gain justifies such 
a strenuous timeline. 

e. In order for the crewman to remain comfortable and function p~operly 
during EVA the uninterrupted time in a pressurized PGA should be 
limited to 7 hours • 

. The th::r;ee EVA periods of 6-7-7 hours duration shown in Figure 3:...1 occur 

during crew awake periods of 22-13-12 hours durations respectively. An . 

eating period is scheduled both prior to and after each EY,A, and an 8 ho.ur 

rest period follows each work period. The lunar lift;..off work day for the 

LM crew .follows an 8 hour. rest period ~d is 16 houJ;s in .4uJ;ation. 

B.oth EVA;..2 ana :EVA-3 are schedq,~ed J:o .l;l~ve th~ 'glaxiJI'l~ d:uratic>n of 7 

hours. The 6·hour. duration of ;EVA-1 pr.ovides the c::r;ew the. opportunity to 

egress to the lun~J.r sur~ace at the earliest tiB~e afte.r touchdown;· but is 

constrained in duration inorder toavoid consistent with the 

crew work/rest cycle.guidelines. 



4. EVA OPERATIONS 

4.1 EVA OPERATIONAL REQUIREMENTS 

Lunar surface EVA operations encompass both the basic requirements 

which .are characteristic of all lunar surface EVA's and those operations 

that are unique for the specific mission being planned. Each period of 

lunar surface extravehicu~ar activity is preceded by a period of EVA 

preparation and followed by a period of EVA termination activities, as 

shown in Figure 4-1. The EVA period itself is defined as the interval 

support; i.e., when the LM .cabin pressure is less tlian 3.5 psia. 

Near· the end of .EVA pre~>,~rations, the extrave}li<:ular suit is sealed 

and a pressure integrity check is. perfoilll.ed, . followed by LM cabin de­

pressurization. PLSS oeygen: corisp,mption'begins when the Sl!it is sealed. 

The creWJilan's time during the EVA is devoted partially to effective 

EVA .and partially to EVA overhe~A taaks. . Effective .EVA includes such 
. ~ ' . 

ta~ks as the deployment of ~SEP a11d >other scientific instruments, surf~ce 
explorati9n ~d saillpling. EVA Ovethe.a.d includes activiti¢s which are · 

necessary dud~g an EVA, butare not;pfirt .of scien.tific activities or lunar 

surface .eX})loratio~~. e~•s.,.I.M'esr~sst~d ins~A!ss, 
inspection, I.ttv deployment:~dcheckqtit~ etc• 

~ . . .. ~. . . ,· . . . . . ' . ;_ . ·-.. · .. - . - . .·. . ... . - - , 

4.1.1 EVA ()verheai:l R~qui~~nts·· ...... · 

The times.a~loted 

4-:l) are as foliQW:s':: · · 

' - - -

equipment 



nm m 

O'lti!II[AO 

Figure 4-:1 • 

. 

mmzoo 
tmtttvt EYA 

M.$Si.~ 

.1Mt.t• 
...,,liST~ 

UIV$ti~TIII!I 

QYElllltN) 

l .. mll 
ACTtYITIES 
smu 
PACI:IIC 
Soll'II'UI 
tllOIPTitA!Is 
fltW~IP 
lltERA RECOJWIG' 

IIUSt­
l._~s CAll·-

Apollo J-Misslons Generalized EVA Timelines 

£VA fmttMnGft 

POST tvA STST 
COO!Ft& 

IUS DOrrt~ 
I'W IIUIIWit 
POSt m em• 

<OIOFIC 
£'lA 11£11011!1111!; 

uY£IIOIJ 

($.014[) 

I!W;RI't.ll) 

EYA TEIIIttiiAT!OII 

(SN!!:) 

mmottMnOII 

(-titm 

-"""' Jmrsco) 



These overhead times are based on Apollo ll·and 12 missions experience and 

lunar surface simulations adapted to the J-missions lunar surface operations. 

EVA overhead activities are summarized in Figure 4-1. 

4.2 EVA LIFE SUPPORT 

The duration of an EVA is pr~marily dependent upo9; the capacity of 
..-', 

the life support system employedand the rate atwhich it is used. Lunar 

surface EVA.life support on J~missipns will normally be provided by the 

-7 portal>le life support system (P~SS). 'E'o.r other than electrical power • 
. . 

the PLSS cpnsuma,bles performance if; determiited .by the average metabolic 

energy demand of the crewman durl..us Jhe. tVA~ PLSS consumables performance 

guidelines for use in .preliminarr~A. pl~nning are summarized in the 

follbwing sectfons. These guideli.J1es-at;¢ based on expected -.7 PLSS 

performance which is somewhat. ht~he/ith~n the ,tninimwn pet"formance allowed 

by the specificati~n. Details of'·th~ PLSS ctinsumables performance, from 
~ '0 ' 

Reference 1 and 2, are prov~dladY(#1'AppendiX A. 

·4. 2.1 PLss consumabl~s 'cuide1i~~z· ·: .• 

. Nom~nallu!Ulr ~urfa"" 4~~¥~,p~01Ji1Lt!s s.0"c1l11 p~V~4e Ptss consumables 

reserves ·at. the 'end of ~ach Ev4 Pe~i9d that will be Meql,Jate for 30 minutes 

additional~lif~ .~\lpporf 'at a ~~~~b~lfc <~ate ~f 10.50 B!U,per h()ur, 

The ~7 PLSS 'batter~ J>i~\d.~~~. th~ ~lebiJ."ical pol"le~ f•eguitements for 

hours ·.<>f.•EVA· .•.. ~·a)?ab~l.itt.yi't~~~~r~~o~:ma~e?x''t~iftfll)i~ut.es;r~s~rve power~ 
The7-.hour .. ca:pa.l>ility cQiP~t4es;i~At;li,tg,e p.],anned ,EVA d\l~ation for the 

second arid ih'£ra'.E;~.Ais ,Q~ th~ .i"Si'~i~~ip~. o~lld ~~9\Tfa~~ lll(>ur, 9f capa-

bilit~ .~£ th~ fir~(,~A;~~t;~tf.o~. '' 

P~$S #~~;' M ~o~Ily .~~~· i~~t~i~ e.~is'"Oaba~ ill•· EVA JilaUfl hav~ng 
a 'high ptrc~ntage·.9.f·WOl"ki.~·;~~E~vit~.i1l·;~~paJ:ison tpLRV :fiding. There 

ar~·t •• 34 pou~~s of ~~)'e;¢ne~~~~i~dZ.iK:])~'k\7aii~ble.i~.~lu~.·.~7 Pt$s for<use· 
during an: •. EVJ\ With ~11 'addif'i<>~l'•3ri;.niinUt~ r~setv~~ 



purposes, the crewman is assumed to have a R.Q.* of 0.85, and the oxygen 

is consumed at the rate: 

svhere 

• w
0 

= rate at which PLSS oxygen is used, lbs/hr 
2 

• w1k = oxygen leak rat~ from system, lbs/hr 

.. 
0 = crewman metabolic rate, BTU/hr (see Section 4.3) 1net f 

• Average o
2 

l~ak rates (w
0

) recommended·for use in preliminary lunar 
2 

surface EVA planning are as follows: 

4. 2.1. 3 Feedwater 

EVA 

1 

2 

3 

• w1k{lbs/hr). 

o •. o1 
0.02 

0~()3 

For normal EVA plans, the expected PLSS feedwz:~.ter qua:ntity will.provide · 

a longer dur.aUon capability.· than will the PJ,.SS oxygen quantity. The 
;,- - ' ' ' -· . ' : . 

·10~ 62 pounds of feedw,ate~ .~~pectedte5 be availabl~ •• in. the. r~servoir (see 

Appendix A) for. ccoltng dur~~g the EV,A:.peri(ld ccrr~sponds t:c an 11;000-BTU 

cooling cap.aci ty •. > ·~ addi~l~;~l J(}-.~~ll\Jt~s reserve is p~ovided .after the 

feedwater reservb:f.ts ~ve b~e11 d~pletect. The .effective r.ate for an R.Q. 

= o. 85 ~t which.the ~7'PLSS · feel.iw.afer l!s 

wheref 

' ,. ·: 

*R. Q. = Respiratozy.Qtioti~nt, .~~e volUille.tric iat{o of C()2 t>x-octuced i:o o 2 
utilized. by an ind~yidu,al,.. · · 



• 
0 = crewman metabolic rate, BTU/hr (see Section 4.3) "met 

Qhl = external he"a.t leak, BTU/hr 

Based on the nominal 65-1/3 hour J-1 mission lunar surface staytime 

(Figure 3-1), the recommended average external heat leaks to be used for 

EVA p'lanning are as follows: 

earlier. 

4.3 

EVA 

1 

2 

3 

.o 
100 

does .not con­

encountered 

discussed 



4. 3. 2 LRV Riding Metabolic Rate 

Riding the lunar rover vehicle (LRV) involves a relatively low level 

of physical activity for the crewman. Measured metabolic rates of a crew­

man riding the LRV have not been·made at this time and only an estimate of 

the average rate while riding can be made. It is assumed the LRV riding 

metabolic rate is independent of vehicle speed and for preliminary planning 

purposes, this rate is estimated to be 700 BTU per hour in the A7L-B suit: 

4.3.3 Contingency Walking Capability 

Estimated crewman metabolic rates for walking .on the lunar surface are 

shown in Figure 4-2 for a range of walkil)g speeds.. The metabolic rate 

versus speed relationship shown is representative of an astronaut wearing 

a pres~ntly configured EMU without additional payload. An optimum walking 

speed range of 3.3 to. 4.0 kilometers per ho\lr_, corresponding to a range of 

· metabolic rates of 1200 to 1400 BTU per hour, is indica.ted from these data. 
' ' . . ;. '·. / ' . ' . 

On slopes.or when carrying c:~.dc1itiot¥llweight, the astronaut ·can be expect~d 

to adjust his speed downward to mail,ltain a comfortable level of effort. 

For EVA planniPS purpos~s •. the recommendedcontingencywalkiAA·rate ... is 

3.3 kilometers per hour, with a metabolic rate of- 1440 BTU per hour 
i- - -- . - - - - . • ',• 

(corresponding to a rate qf 1200 BTU per hour plus a 20 ... percent .pad). 

4.4 EVA CAPABILITY.GUIDELINES 

4. 4.1 PLSS Con.sum~ble Jfates 

For EVA planning purposes, th~ PLSS oxygen. usa~~ r:<:~.t:es ar:e sunnnarized 

in Table 2. 2-:-1, page 2-3, anc1 the effective heat rates :at. which the .PLSS 

feedwater is \!sed are·· s~I)111larized in Ta_ble 2. 2 ... 2, page 2~3. 

F ,-, ,>-.'• > ~ -; -., • '• • _', '•/':·_-~- '• ' '. ' "• ~-,,, - ,.·; • - '• 

Figures /1~3 .. t4ro\lgh •tf-;5 slj§'f th~ ~1 Pl.SS l)Olllinal EVi)capabili ty 

envelope$ for.·'t:he 1~Dlissi9n·• ihe$* ~llV~lopes .are d~tl.neiby the. trade-;()ff. 
•. . . . I .•. •··· .... ·• ... · .. ···. • > . ) . •/ .< > . ·••··.· · .. ··••· ·. .· .. · •.•... ·>··. .•. . ·••···· . .· ·. 

of EVA -wo~kil)S t~ andzriti~P& -~~~ ~~11~1:1 the P~S .consum~J>.les .and EVA 

time limits. An S,.dditiorial.··J<>fDlti1\l~~<·1Ze~~rve <:a~ab~li·t:yis avat:I,al):L~ 
beyond the c~nsuw8.~i~.1ilni~ l,.iU,e··,f~f~a~l{~f·t~~··thre~ ~L~Sco;~u~ahles 
noted. 



~0~----~------~------~------~------~----~ 
BTU/KM 

~70 

364 

350 

408 

-7 PLSS 
A7L SUIT 
SMOOTH TERRAIN 
SHAPE BASED ON 1 g DATA 
MAGNITUDE BASED ON APOLLO li 
AND APOLLO 12 DATA 

,0: J: 14 l"l I .L I' I ~ I I'_ I .. I L I }'I t I I I ·I ·t,_l ·t· ·1 ·I J. J L I I I I I· 1· I I 'I I I 1 I I I I I I I I I I I I I I I I I I FT/SEC 
0 1 2 3 4 5 6 

I I . I I I I I I KM IH R 
1 

0 1 2 3 4 5 6 7 
WALKING SPEED 

Figure 4-2. Predicted Lunar Surface Metabo 1 i c Rate 
for Average Walking Speeds 



........ 
LLJ 
:e: -1-

8 

~:4 -~ IX 
0 
:::1:: 
oU 

Cl 
< 
~.2 
ffi· 
> 
0· 

< > 
LLJ 

6 

4. 8 
TRAVEL TIME (HOURS) 

• 

. ,· - . 

F1 gure 4-3. PLSS Capability En\1~1ope EVA~1 



...... 
~ 
~ 
0 :r:: 
'-" 

~ 
~ j::! .... ... <.D 

g4 z: ... ... ii2 g· ~ 
:a ~ 
oD 41 

~2 
~ 
41 

~ 
<' > 
41 

Figure 4-4. PLSS Cca.pabi Hty Envelope EVA-2 



The 6-hour time constraint planned for EVA-1 (Figure 4-3) results in 

a conservative margin on all PLSS consumables. The 3.5 hours available 

for effective EVA time (6 hours minus 2.5-hours overhead) can be planned 

for normal working/riding activities as desired without consumables 

restriction. 

Nominal EVA-2 capability (Figure 4-4) is limited by the 7-hour battery 

and time constraint for planned LRV riding times greater than 1/2 hour, and 

limited by oxygen for riding times less than 1/2 hour. With riding times 

greater than 1/2 hour, the effective EVA time is 5.5 hours and a margin 

exists on the PLSS oxygen and feedwater. 

EVA-3 duration (Figure 4-5) is limited by PLSS oxygencapacity for 

planned LRV riding times less than 1-1/2 hours.and limited by the 7-hour 

battery and time constraint for riding times greater than 1-1/2 hours. 

Effective EVA times of 5.25 hours can b~ planned for EVA-3 if the planned 

LRV riding time is 1-1/2 hours or greater. 

4.4.3 Traverse Capability 

The lunar roving vehicle (Appendix B) provides the capability for 

lunar surface exploration and science activities over extended distances 

fromthe LM• A maximum total range of up to 76kilometers can be traversed 

during a lunar surface mission. Uses of. the LRV inclucle transporting crew 

tools, cameras and instruments on traver~es for activities at selected 
' 

stations. The LRV .preparation task in th~ EVA overhead periods (Figure 4-1) 

provides time for stowing the equipment on the LRV. Traverse plans must 

provide science/exploration oyerhea<i timefor each. LRV science stop for 

crew dismounting/J;"emouriting the LRV and offloading the necessary equipment. 

Recommended times .are as follows.: 

Ty:pe Stop 

¥Minor 

Major J.~ mi.nutes and up 

Overhead Time 

3 minutes 

6 minu.tes 

EVA traverse plans must: accountfofit"~aterdist:ances trave.led.over 

the lunar surface tl1sn • meas·ured Point .. to~pol..nt tnap'dist:~nces. The. added 

distance to be traveled is a funct:i,on.()fthe:terrainro~ghness 



:! 

I 

includes craters, blocks· and slopes. For traverse plannine; 2 it is 

recommended that point-to-point map distances be increased by the factors 

shown in Table 4.4-3~ An average LRV traverse speed of 8 kilometers per 

hour (Appendix B) over the corrected distance should be used. 

Table 4.4-3 

Map Distance Correction Factors 
(From Reference 4) 

Terrain e 

Smooth Mare 

Rough Mare 

~ocky Uplands 

Rough Uplands 

4.5 EVA CONSTRAINTS 

Ll6 

1.18 

1.24 

L31 

A lunat.·surface.:EVA timeline·can be expected to vazy from the nominal. 

pl~n. because of unfaml].iarity w.ith .. t\J.e·l.un4r envirorunent and due to varia­

tionf? in equipment .QPeratioxj. When .a .tllalfunction of lllnar surface. equip~ 
- . - .··_ - - - -. 

ment occurs, a cpnting¢'ncy plan must 'Pe'\lsed. t:<> cont:inue the ~!. It i:s ' .. ·- . ··-· :~ ···> . .. ;·)·' .. _.,-.-- __ .,, __ .--_.</·: -- -. -, --_.- .. - ··_, -:>· .. __ ---~ -

not. the;P\lrP~;>se ·of t~i.s .''Guidelines·D~cumentiJ to coil,sid.er contingency .EVA 

plannitmf f\owever' co~.tillgencit~s which constrain the nominal.EVA.plal\~i1lg 

are .included, as planning guidelines 

4.5.1 CO)ll!l).unicatiOI}S C()nf:ltraints 

. 'To ·provide. for real time the 
: . . ,--- '. -.. ·.; - _._. ., 

extravehicular creJY1nei\H!Jhall not 



It is assumed in EVA planning that both LM crewmen participate in all 

excursions away from· the immediate vicinity of the LM and remain within 

sight of each other at all times. 

4.5.2 Traverse Constraints 

The maximum radius of operatiqn from the LM on missions with the LRV 

shall not exceed the ride-back range of the BSLSS (Appendix A), or the 

walk-back capability-of the crew with properly functioning PLSS, whichever 

is less. 

4. 5. 2.1 BSLSS Ride-Back Limit 

In the event of a PLSS failure during an EVA, the Buddy Secondary 

Life· Support System (BSLSS) will be used tQ proyide the capability of 

returning to the LM (BSLSS described in Appendix A). On an LRV t~averse, 

the assumption is .that the crew would ride back to .the LM as rapidly as 

possible. The BSLSS ride-:back limit is defined. by the average emergency 
' - ' ',, ' ' ',' . . 

return speed of .the LRV and the BSLSS op.erating time~· Travel time on t:be 

BSLSS··is 0.9:S hour,.. resulting .from theBSl:.SS operation·til!le·(OPSdl:lration 

· .o~ 1. 25 hours), less the time required· for conne.ctins.th( transport water 

buddy ,hose (S.minutes)···and the emergency· LM .ingress time (13 "minutes) • 

-For ···~raverse .planni~Sp~rpose~.·~···a• .• l()-kilmneter···per •.•. ho~r···•·~V·· emersency 

return ·spe~d·'·.•(App~nd•ix.-B~····is···recomJllended• Wit;h.a ·. ma~imum .. ·~et\lrn· .·.dis.tance 
the LM not•exceedi!!&·9~5 kilometers~'' . . . ·.· . . 

. : ·. . ··.·--- · ... ·- ·"· . ;._. ·>' ':··.;.' > 

Failure .. of tbe I.lW··'duX"{~.~·traverse teqJiii-es d$t the cr~w have 'the 

.capability to .. walk~(~k~ri~h~ t.Ma,nd ill8tes~~ · t~ is ass\lJll~d .. that ·follow­

ing ··a~·· LRV fai:l.~1:.e ~,J.·.p~ilPa~ ~~t1:t~t~~~ti~opp~d .. and the ·.ct.ew would wa,lk•·· beick 

to the LM·,vta•~tb~ m~s~:a:f~~~t Qol).~~~~ 'l.1.£~t~~tJ>~fi J15~~n~:fhe·~iilk. back···.is - -~ _: ,', t '.: .. · ·- .. ;;-;;___:. -><<"._:·· >/_--· .. 

l>roviae<I\>y ithe},~;LS~~; ··• ···· ., , •. 

The pLSf;.··-~~~~£it~i(~~P~bi'fity;'l~3 t;··· ii'il~t'ih~ci ~Y i~e :~9ns~~b1~.~ r~m11in~ 
ing and·· t1l·e·wal~;J>ack~~peed••· .• ······}'o~ ·~vX~·;~l~tl~{~i:~~t~o~~~~·;t~¢ .··cgn~ing~ncy 
walking capab11iiy (Secti;on.• 4~3~3) J~L~\ls~d to def•i~e t~~~alk,~b~,;:~ speed 

of 3. 3 kil~eters Pef .bP1,\r ···. ~t ·af~eJ~~~l~# :t~ie.·'~f !44()· ntiJ 'petifiJJ~. '· Ttle 

PLSS ·walk-hack l~it i~ sho~Jxl~~.n.Fi~~~s 2~i·i~~oh&K2i3, pages.2 ... s·• al)d. 

2,-6. 

/.t~i:J.;····· 

;,;~~~~ 



5. SCIENCE MISSION GUIDELINES 

5.1 LUNAR SURFACE EXPERIMENTS 

Lunar surface activitie.s on Apollo J-missions include scientific 

investigations and deployment of experiments. Experiments assign~d to the 

· J-missions by the NASA Office of Manned Space Flight are summarized in 

Table 5-l. The purposes and descriptions of these lunar surface experiments 

are s\llllli1arized in Reference 5. Experiment characteristics are discussed 

in terms of their potential interaction with other scientific traverse 

activities in Reference 6 •. 

5.1.1 Experiment Deployment 

of the sub-

~;~ets 



TABLE 5-l 

APOLLO J-MISSIONS l.UNAR SURFACE 
. EXPERIMENTS ASSIGNMENTS 

S703l').)A$SIVE. SEISMIC 

S-"033.·AcTIVE SEisMIC 

'sLb34''L~··· ~URFACE·MAGNEtOME'rER. _ 

.·····•·s2oa5·SoLAR .~tND·· sPiCTRoMETER 

· ·~Lo36 sfu.R!Ttm!OOu. ··ttJN DETECtOR 

s..:o~1 ·~.>FLOW. 
· ~J6se.:dafrl dmol>E ·.tON CAGE 

MjS15/ttiiAR nust DETECTOR 

• 5~203· tlJNAR.sEiStUC\PROFitit\JG (2) 

···········•sJ~o5Ltu~ A'J:'Mo~~tmric .. ·•b011POSitlON 
s-~o/.tJlNAR SURFACE GRAVIMETER (1) 

s-078 tAsER.···~Itq(; Rfrr.Ro ... RErt.ECTOR 
"• 

S•l52 CoS}ttC RAY l)ETECTO~ (SHEETS) 

· s~l.98 ·• LUNAR PORTABLE ·~cmTOMETER .. { 2) 

'··s"'"l~~ LUNAR· GRAVITY . TRAVERSE (2) 

S•200 ~ottMEcllANics .(2) 

. g ... 201 FAR uv CAMERA/SPECTROSCOPE . . . . 

s-.;;202 LtJNAR. EJECTA AND METEORtTES 

g ... 204 SURF ACE ELECTRICAL .PROPERTIES 

:X 

X 

X 

X 

X 

X 

X 

X 

REMARKS 

· {1) g;..o3·1, PASSIVE SEISMIC OR S-207, LUNA.lt 
SURFACE CRAVIMETER WILL BE FLOWN ON 
APOt.l.O. J-3, BUT NOT BOTH. · 

{2) CAN BE PERFORMED OR POSSIBLY ADAPTED FOR 
USE WITH LRV. 



The Portable Magnetometer.Experiment (S-198) is to obtain measurements 

of the lunar magnetic .field in the vicinity of the LM landing site alld to 

obtain additional measurements at widely separated points during traverses 

away from the LM. It requires TBD minutes for calibration at the first 

station and :!!!! minute.s for each station .the~eafter. 

The Seismic Profiling Experiment (S-203) ;s used to determine the 

seismic velocity struct1.1r.e of .the upper ..fetr .kilometers of the moon in tlie 
. . 

vl.cinity of the landing site. Durillg LRV 

will be emplaced at 

near the 

Station. 

two 

the 

The 

of 



TABLE 5-2 

ESTIMATED· ALSEP DEPLOYMENT TIMES 

!~ERIMENT DEPLOYMENT 
. · · .(Man-M:i.n) 

1:30 

TBD I TBD 

TBD 



6. EXAMPLE TRAVERSE 

6.1 MARIUS HILLS LANDING SITE 

A preliminary traverse plan, based on the u. S. Geological Survey 

studies (Reference 7}, is presented as an illustrative example. Th.e 

example traverse plan is for the second EVA at the Marius Hills landing 

site. 

The northwestern Marius Hills landing site is do!l11nated by four positive 

at 





Feedwater 

Q = [1.245(1050 BTU/hr) + 149 BTU/hr + 100 BTU/hr] [3/4 hr] 
t 

= 1167 BTU 

Plans ~for the second EVA also provide 45 minutes for final overhead 

activities, including LRV terminal activities, sample packing, sample and 

equipment transfer, MESA thermal reconfiguration and LM ingress. The PLSS 

oxygen and feedwater quantities provided for the final overhead activities 
' ' ' ' 

are equal to the q~antities provided for the initial overhead activities; 

i.e. 

Oxygen 

w0 JOi O.l45 lbs 
. 2 

Feedwater 



6.2.2 Contingency Limits 

Sufficient life .support capability must be provided for contingency 

return to the LM .and emergency ingress. For both the LRV failure (PLSS 

. Walk-Back) and PLSS failure (BSLSS Ride-Back) cases the emergency ingress 

requires 13 minutes, with 0.042-pounds 02 and 335-BTU feedwater capacity 

.consumed. 

For the PLSS failure case, the BSLSS provides life support for 

1.25 hours. Five minutes· are required for the two crewmen to transfer 

to the.BSLSS and, allowiJ).S for emergency ingress, the return to .the· LM 

must be made in 0. 95 hour.. For the eme:rgency return to the LM, the average 

LRV speed is assumed to be lo kilometers per hour; hence., the maximum 

return distance to the LM from anypofnt in the traverse should. not exceed 

9.5 kilometers. 

Traverse. 

available for 



Table 6-1 

1'.ous 

0.9921 

0.9808 

2.31 

2.92 

~.83 

4.67 

4.55 

4.01. 

4;34 

4.22 

0.23 

0.29 

0.48 

0.47 

0.46 

0.40 

0.43 

0.42 

•'"''~''''""'''~\l\',~'iilffifi\'ii)~\lli~'iNi'li!Mi\ii\1\'V.I'"·'\J.\i,• 

0:55 1765 0.223 

1:06 I 2145 0.270 

1:39 I 3315 0.419 

1:38 I 3225 0.407 

1:36 I 3145 0.397 

1:26 I 2820 o.0.35!i 

1:32 I 3015 0.381 

1:30 I 2945 0.372 





APPENDIX A 

LIFE SUPPORT SYSTEMS 

1. PORTABLE LIFE SUPPORT SYSTEM 

The -7 portable life support system (PLSS) will be used by c~ews on 

Apollo J-missions as the primary system for extravehicular activities on 

the lunar surface. PLSS consumables performance, with the exception of 

the battery, is determined by the average metabolic energy demand of the 

crewman during the EVA. Between EVA periods, the PLSS oxygen and feed­

water must be replenished and the battery and lithium hydroxide (LiOH) 

cartridge must be replaced. 

1.1 PLSS CONSUMABLES 

Expected consumables performance of the -7 ·PLSS is summarized below 

(References 1 .and 2)., The expected PLSS performance generally exceeds the 

;_ 7 PLSS minimum perfontance specification. (see Sections 1.1. 2 and 1.1. 3 

· b~1ow). 

1.1.1 Battery 

The -7 PLSS battery capability 



Charge weight, nominal 

Penalties and residuals 

EVA prep 0.092 

LM cabin repress· 0.031 

Instrumentation error.0.058 

Res. press, residual 0.175 

Usable 02 
30 ~nute o2 re~:~erve 

1. 803 lbs 

-0.356 lbs 

.1.447 lbs 

0.102 lbs 

Available 02 for EVA 1. 345 lbs 

NOTE: The -7 PLSS specification minimum performance provides 
an initial oxygen charge weight of 1. 74 pounds which 
results in 1.282 pounds of 02 av~ilable for use during 
an.EV4.. ·. · 

The rate at which this '.oxjgen supply is consumed during the EVA is 

proportional.tothe averagemetabolic rate ofthe creWnu1n ap.dthe leak 

rate from the system. Oxygen used by the (;:rewman (atR.Q • .;. 0.85*) is: . . . 

. . . . ... 4 ··. • ·. .~t·· .. 
Pounds 02 used per hour = 1. 65 x 10 · (~et) + w1k 

where 

~et ~<,ct,ewm~ni•tab~li¢ rate., BTU/hr (See Secti()n. 4.3} 

·~···· == ()~enle~ rate from ,system, ].l;l/hr 
1~ •. ·"'·.<:·.··· .....•. , . 

Experie~c:e li~s sh~<that the oxjgen"l.~ak'•rate .fr01n· the system stead:i;ly 

incr~ases·· .. d~titl,g;'()~~ration •.•..•. ·;~·aver~~~.··· ()~j~eak··· ~ate. for:• ~ach···EV~''per~o4, •··~ 
increasing rstep\d.~~,,for• Sl.l})~equeP.t EVA~fh<•~ho1.1ld 'be 

sin:face .. ·1llitni:ton't>3.J~ning•:·•• · Tl\~··•·foll.otd.\1.$ 'i;~~ ?rates are :r~ct>mD\~nded: 
()£·~~~ Rs. te ~ Jbs/tu;>ur ·· 



1.1. 3 Feedwater 

PLSS feedwater cooling capability is expected to be as follows: 

Initial loading 

Losses 

Nonexpellable 0.23 

Slave 0.60 

Transport water 0.13 
makeup 

Main Tank 

8.50 lbs 

-.0.96 lbs 

Aux. Tank 

3.16 lbs. 

-0.08 lbs 

Usable feedwater 7. 54 lbs + 3 .• 08 lbs = 10 •. 62 lbs 

The required 30-minute feedwatet' reserve is provided by the quantity 

remaining in the slave to the sublimator after the reservoir has been 

depleted (warning to.ne comes on); hence the 1.0.62 pounds of usable feed.,. 

water is available for use durill8 the EV,A. This quantity _of feedwater, 

at 1036 BTU per pc;>und heal: of vaporizad,on, corresponds to 11,000 BTU 

cooling .capacity of the PLSS d\lr~ng .the EVAper~od~ 

NOTE: The.-7 PLSS. specifi(!ati~n_.tninimum.]>erformaf1Ce. ~s _based 
·on'a us$ble feedwat~r _quant~tx of 9.8 pou.nds, with. heat 
.()f V~POt:ization equal 1027 BTU per. pound, COJ::r;'eSponciing 

, ~() a cpoling _cap~ci~y ()f. lQ, 065. :STU• 

The feedwater provi~escool:ing forthe cFewman's metabolic heat rate 

. . . .. . . 
. Qt = ~et + Qp 

where 



where 
• Q == electrical equipment heat load 
elec 

= 149 BTU/hr, 2o maximum 

• QLiOH = LiOH/C02 reaction heat release rate 

= 0.245 ~et for a R.Q. of 0.85 

R.Q. = Respiratory Quotient, the volumetric ratio of co2 produced 
to o2 utilized by an individual 

• Qhl = external heat leak, BTU/hr 

Hence th,e parasitic heat load on the .. PI.SS ·is., 

Qp == 149 BTU/hr + 0. 245 ~et + Qhl 

The total heat rate which is removed .by the PLSS feedwater is: 

• • . l 
Qt == l• 245 ~et + 149 BTU/hr + ~hl 

The heat leak on the EMU is estimated from the sun elevat.ion angle 

during the EVJ.. and the terrain charact~rist;i.cs. From the nOlllinal 65 ... 1/3 
' _;· ' ' . i ·,· ·.·_· .•·· .;_· - .• - . . .· ·. ' _·· : -· • 

hour lunar su.rf~ce t;;ta,y :t;imeline (FigUJ:'~ 3-lh the sun elevation. angle for 

each EVA J?eriod is estimated as sho~i::tl). Fi;suti A,;,l• ·For nominal EVA 

planning •. the .avexiage heat leak Qn the PLSS for each EvA period is 
recommended as 

1.1.4 > ..• ·f. . i >; .· 

1he.· ca;bolt <!iPJ<~~·llive~in .••. t~~ ~#~~'l~~~~~~~ia~.,.obij~~yu~\t <art)> 
is co~troll$'d.by ,p~ss~ns• .• tl\e t?~ss•·oxygE!J:l·"~~J:oL\sli·.· ~ll·exPE!~dable .'[.iOH •• a,w 
actiyated•···cl)arc()al·~afti'ldg~?·i#··fn~ o~S~~>.~¢r;it~l4ti«lil.i9pl. ·•··.·'tg.~··t.i.~H 
consumpti~~ t~~~·t~·)p~~po,;-ti~~i·tp··. ~~~·~~~Epr~d~~C:ii.9ri•.·•·rt1te··.·.of.•i~e·crew­
man, wlli~h in >~\1·1:'~ t~·a ~l1~¥i~i,}.b~ t.be .ii;:~~i$m~tab.riltc t·t~. <. LiOH · 

··tim~···· v~~e*~····a~~r~J~~~~~~o:L~~ i:~i~~· ~f~ s~~Wn .•. t~ Fii~t'~·~._:z: . '~;i:,~~~i 
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Figure A-2. ~1 PLSS LiOH Performance 



2. BACKUP LIFE SUPPORT SYSTEM 

In the event of a PLSS malfunction during an EVA, backup life support 

is provided by the Buddy-Secondary Life Support System (BSLSS). 

2.1 Buddy-Secondary Life Support System 

The BSLSS utilizes a transport water buddy hose to provide cooling 

from a properly functioning PLSS to a failed PLSS which, in conjunction 

with one oxygen purge system, supports both crewmen during an en1ergency 

return to the LM. 

2.1.1 Oxygen Purge System (OI'S) 

The OPS, .mounted on top of the PLSS f'or EVA, is an :independent high­

pressure emergency oxygen supply that canproyide oxygen for life support 

for a lim,ited perio<i of titne. W1th tbe purge valve in the low flow posi­

tion, the 02 fl~w rate is 4.0± 0.2pounds pe:l:' hour. At this flow rate, 

the full-y-charged OP$ h~s an oper~tiqJ;tal ;J.:l,i;etim,e of .75 minutes. The OPS 
-' _. .· . ·:· . ·.· · .. 

is precbargedbe.fo:l:'e launch to 5889 ± 80 p:sig, and .=.::=:;....;::;:;.;:;..;;;.....;;;;..;;...,.ro;...;;;.;~;.;;.;;;=;;;. 

for·rechargingt~eOPS~urinl? a mission• 

2. L 2 BSLSS Operation 

In theevent· ofal'LSS·fa;lltire; the.(;!rew musthavethe capability of 

returning to the ·~·~th r~serve met~bolic ~apacity at.leasi equal to 

emergency overhead lii\tf mtrgfn reij#fr~mepts. hn. ~ l.lW 'ni:l.~sion; t~e assump~ 
tion is that they wohld :l:'.i&.e .• back to ~he I.M • . - ,. > . . : ;-,_ : ;· . •-. -~- ·-,-.:-~- · __ ·- ·. . . > 

If failure of a PLSSfatl,·tioll:~ar1:~idge.or ~2·s~pply occurs, the 

crewman . with the £ailed p.LSS tvil.l .. B.c~Uate h:i.s · OPS and pl~ce his .. p.urge 

valve in the.low flowmScle•{41bs/~f) josition, returriit1g to the LM as 

rapidly as pos~ible~ ik t:h~ev~~toi.~~f~iJ.\1~,~ ~f<a·P~~}~P* b~ttery, 
sublimatoJ;,. sublimatpr fe~d~~ter ~11J>Pl>:'}~tc~i pQl:h ..•. ¢r~wrne'tr wi;JJ.,thei1. 

disconnect ~heir• LeG's frpm•Ctin~ir';P!,~sjat~:l:' ,t~~n~~u~rt'ipo~~;~. :The crewman 

. with the failed PLSS, will. ~~~~~t:''~Ji~ (!lld,;pf a ,;wat~~ #nt*il.t~ai (multiple· 

H20. co11nector end) • to<h!~ ~GA.W~t(~'(:Ol\.~~t~J;· i11~ '~~~~aii?~ith>the 
operating PLSS will then cpnne9t J;~~ otJwr;,end, of~~i.~ ~~l:~r;,U1ll,ilica.l to 

his PGA water .conn~ctor (ft~.d~~~~ei ~li.ii);,~~~~··t'~ :wat;r l()~~·~f··ih:f.s PLSS t' :·,i~(i)· .. · 
. ,A.~'i' 



to the ~bilical water flow divider. Cooling water flow is split equally 

betWeen each crewman. A ~ether is provided as part of the umbilical to 

prevent straining of the water hoses or connections. Approximately 

5 minutes is required for this emergency transfer, and an additional 13 

minutes is required for LM ingress. 

4.2.1.3 BSLSS Metabolic Capacity 

The metabolic capacity of the BSLSS is limited by either; 1) the 

available feedwater from the functioning PLSS, or 2) the OPS time limit • 

. Duration of the OPS operating capability, based on the oxygen flow 

rate of 4 pounds·per hour with the purge valve in the low flow position, 

is 1. 25 hours. In general, the OP.S capability limiting .constraint 

on the BSLS~ emergency return time. 



APPENDIX B 

LUNAR ROVER VEHICLE (LRV) 

1. GENERAL 

The crews of the Apollo J-type missions will use the LRV as the 

primar,y method of t~ansportation for traverses on the lunar surface. The 

LRV will allow the aatronauts to range further due to the increased. speed . . 

and the reduced PLSS expendables rate during the transport phase of the 

traverse.· 

sampling •. 

2· 
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2.2 Range 

The total range used for planning is 76 kilometers (Reference 9). 

The range of the LRV is·influenced by the lunar surface on which the 

LRV operates, the LRV speed, gross weight, number of starts and stops, and 

the method of operation (Ref. LRV Operations Handbook, Appendix A, para­

graph 2.1.2.2). 

This range of 76'kilometers is for the midrange power spectral density 

(PSD), fully·loaded LRV (1502 cpounds total weight); soil type B; smooth mare, 
. . 

27 percent; rough mare, 27 

rough uplands, 19 percent. 
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