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1, INTRODUCTION

‘1.1 PURPOSE

The purpose of this document is to ptoVide a single’program reference
containing'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 1ncorporated
into. the Apollo Spacecraft Operational Data Books, Lunar Surface Operationsf

Plans and Procedures and other o ficial NASA source documents.

1.2 SCOPE

Information presented i thus um nt'is th‘~basi 'data and guide—"

, lines required to defi
' ,bility. evel o;




2. GUIDELINES SUMMARY

Guidelines for Apollo J missions EVA planning are summarized in this:
section, based upon the data and assumptions that are discussed in the

, succeeding sections.
v2 1 LUNAR SURFACE STAY GUIDELINES
2.1.1 1M Staytime |

The LM staytime on the lunar surface is planned to be 65-1/3 hours
from touchdown to 1iftoff._e_ ~‘ - , , ; , ,

';2.1.2e'ExcravehicnlarxAntivitiegH



2.2 EVA GUIDELINES
It is assumed in EVA planningithat'both iM 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 ""‘ib’iicf;{ate j(_émét) .

'LRV Riding .

Normal Working " '

Contingency Walking
@ 3. 3 km/hr '

2.2. 2 PLSS Consumable’




Table 2.2-1
Oxygen Consumption Rates (lbs/hr)

s - i

- I i o
Activity | EVA-1 EVA-2 '  EVA-3

(0 leak rate, Wy ) [ (0.0l 1bs/hr) (0.02 1bs/hr) (0.03 1bs/hr)

JiRvRidie . 1 paos5 ] pa3ss | Dgss
Normal Working . 0.1833 0.1933 0.2033
contingency Walking , onn 1 0;2576 _ , 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 reservewiS<provid d,by the quantity remain—~
ing in the slave to the sublimator, ct
of the specification minimum perfi




EVA planning are as follows:

Surface Distance Traveled

Terrain Ezgé \ . __per Unit Map Distance
Smooth Mare ’ 1.16
Rough Mare .. , i.18
Hummocky Uplande @~ = 1.24

~ Rough Uplands . 1.31

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

is limited to 9. 5 kilcmeters. ,This constr'i t is to allow the crewmen -
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3. LUNAR SURFACE MISSION PLANS

. To achieve mission objectives and maximize the scientific and technical .
return, lunar surface missions must be pianned to efficiently utilize the
1imited staytime on the 1unar surface. For the J—l mission a lunar surface '

staytime of 65-1/3 hours w1th three EVA periods, is planned.f The profile

of this lunar surface stay is shown in Fimure 3 i ’#: .
. 3 1 LUNAR SURFACE STAYTIME .

The limitation on lunar’%”'

;;“7‘ - amount of LM consumables (e
‘ The consumable limit;onJeIH 1







TABLE 3-2

. LM LUNAR STAY ELECTRICAL REQUIREMENTS

| Required

Duration (hrs) 1

|{TD to Power Down
VA-1 Prep
Post EVA/Eat
Rest .
at /EVA-2 Prep




3.1.1.2 LM Water
The LM descent stage‘water taﬁkS'supply'the water used'for éooling
the LM cabin, crev consumption and PLSS refilling during the LM lunar stay.,

Current estimates of the descent stage'water uged and the margin remaining
for the 65 1/3 hour lunar staytime are summarized in Table 3-4

’f333 0 1bs.
s




J-TYPE MISSION 1M DESCENT STAGE OXYGEN BUDGET
(65~ 1/3 HOUR LUNAR STAYTIME)

Descent Stage Tank Charge

Unusable =
 Tank Residual ,
"'Loading Uncertainty

End-to-'End Error, ACE

| 48.00 1bs.

. ah3s e |
%87




e One EVA period on the day of 1uaar landing is the maximum allowable
_ for planning. Only one EVA period should be planned for each
succeeding work/rest cycle. Back-to-back EVA periods are undesir-
able and should be employed only when science gain justifies such

3 strenuous timaline. » ;

In order for the crewman to femain comfortable and function” roperly
during EVA the uninter pted me in a pressuri ed PGA should be .
limited to 7 hours.‘ ' , , . -




4. EVA OPERATIONS

4,1 EVA OPERATIONAL‘REQUIREMENTS
Lunar surface EVA operations encompass both the,basic requlrements‘

' which are characteristic of all lun - urface'E A's d those operations

f, Each period of
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Theee overhead times are based on Apollo 11 and 12 missions experience and ;
lunar surface simulations adapted to the J-missions 1unar surface operations.‘

EVA overhead activities are summarized in Figure 4 1 .

4.2 EVA LIFE SUPPORT

The duration of an EVA is
the life support system emplo ’whichkit is used. Lunari

surface EVA l,fe support on




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

is consumed at the rate:

1k

0

W 2'1.65x10.4(5me£)‘+ W
2 ,

where

W, = rate at which PLSS oxygen is used, 1bs/hr
0 B T

° ' -
Wy, = oxygen leak rate from system, lbs/hr

preliminary lunar




Qm = crewman metabolic rate, BTU/hr (sée Section‘4.3)?"

6 i external heat leak, BIU/hr

Based on the nominal 65— 1/3 hour J-1 mission 1unar surface staytime .
.(Figure 3~1), the recommended average external heat leaks to be used fpr

kEVA planning are as follows

N

42,104




 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'métabolic 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 fo




M | -7 PLSS
=1 AL SUIT
| SMOOTH TERRAIN ~
|_ SHAPE BASED ON 1 g DATA
MAGNITUDE BASED ON APOLLO 11
AND APOLLO 12 DATA




s
.

I
R ¢
N

\f/,,/frFEEDWATER
.\::??//,+OXYGEN
.. —BATTERY

>
) \ G
i
»
: ; 1

 EVA WORKING TIME (HOURS)

EVA OVERHEAD & WORKING TIME (HOURS)




| —FEEDWATER
o_xvsm ,

N _BATTERY & TIME

"E'WEAD/& WORKING TINE (HOURS)




The 6-hour time constraint planned for EVA-1 (Figure 4-3) results in
a conseruative margin on all PLSS consumables., The 3.5 hours available
for effective EVA time (6 hours minus 2 S-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 i
and time c0nstraint for planned LRV riding times greater than 1/2 hour, and
limited by oxygen for riding times 1ess than 1/2 hour., With riding times
greater than 1/2 hour, the effective EVA time is 5 S hours and a margin

exists on the PLSS oxygen and feedwater.,jw'

1 EVAr3 duration (Figure 4—5) is limite by PLSS oxygen capacity for “'
/2 hours "'and linited by the T7-hour
’ battery and time constraint for riding ;

planned LRV riding times less‘thin

es greater than 1—1/2 hours._ ’
' Effective EVA times of 5 25 hours car be p] nned for EVA-B if the planned; yf
LRV riding time is 1—1/2 hours org eater"f ” . : -

ﬂ 4, 4 3 Traverse Capability -

The 1unar roving vehicle (Ap

1olunar surface exploration and sci
from the LM:

. :fduring a f

tools, came

'stations.,gu



includes craters, blocks and slopes. _For traverse Qlannigg, it 1s1,!
,recommended that goint-to—goint map distances be increased by the factors
 shown in Table 4, 4—3. An average LRV tr raverse sgeed of 8 kilometersAper'~
hour (Appendix_glvover the corrected distance should be used. (

Table 4 4—3,'7V'

Map Distance Correction Factors
(From Refe;ence- .

"istance,Traveled,”

|__Terrain T




‘ it is assumed in EVA planning that both LM crewmen participate in all
excursions away from the immediate vicinity of the M and remain within
,sight of each other at all times.

4,5,.2 Traverse Constraints

\ The maximum radius of operation from the IM 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 whicheverJ

' is 1ess.q ? ‘

Q,i 14 5 2 l BSLSS Ride—Back



5, SCIENCE MISSION GUIDELINES

 LUNAR SURFACE EXPERIMENTS

r surface activities on Apollo J-missions include scientific




TABLE 5~

REMARKS

PASSIVE SEISMIC OR S-207, LUNAR
GRAVIMETER WILL BE FLOWN ON
_BUT NOT BOTH. -

RFORMED OR POSSIBLY ADAPTED FOR




 The Portable Magnetometer Experiment (8-198) is to. obtain measurements
of the 1unar magnetic field in the vicinity of the LM landing site and‘to

" obtain additional measurementse't Wzde”y'sepa’“ted points during traversesﬂf
away from the LM.;‘It* ' ite fc  a1ib ation at the first
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6. EXAMPLE TRAVERSE

6 1 MARIUS HILLS LANDING SITE

A preliminary traverse plan, based on the U. S. ’Ge‘joflgi" calsurv y







Feedwater

- L. 245(1050 B'I‘U/hr) + 149 BTU/hr + 100 BTU/hr] [3/4 hr}
. =1167 B0

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.f The PLSS
| \ L ‘ :ad ectivitiese




6,2,2 Contingency Limits

; Sufficient life support capability must be provided for coatingency )
return to the LM and emergency ingress.r For both the LRV failure (PLSS
. Walk-Back) and PLSS failure (BSLSS*Ride-Back),cases the emergency ingress'
,;requires 13 minutes, with 0 042 “ ,jv d "TU,feedwater capacity .

; Fcr the PLS”'fail re
",1 25 hours. i :

_ to the BSLSS and‘,a
f‘:_',must be mad“'i' 0.95




Table 6-1 .
at for M:arius'; Hills Northwesternj,_site

- s WAl BaCE a0
Contingency  |Ride-bacl Ingreds Regulresents

ngl  Return Time | Time g (BT0) !(um By
| Distanece: (km) i (hre) fhrsindn i : ]

1 0.223
l 0.270°

0.419

0.407




| . Table 6-1 | ‘
Se ond EV ,T?a&étéé”Plaﬁtfof;MggiQSjQiQ;g~Northw§gt n Site (Continued)

| Contingeney

| Returny
Diptancte (km)

Ha.

~Back and
Ingress Requiresents

Time
re:min)

(BTT)

(ks 0,

3.81

1.88

35
183
165
_ 1l.07

0.53

0.19

0.45

0.35

0.33

L 0,11

.0.05

1:22

047

2695

1495

1:34

1:17

1:12

0:33

0:23

3095

2520

2345

' 1465
1355

296

663

0,340
0.189
0.391 E

0.318 |

0.296

0.185

0.171

0.126




_ water must be replenished and the

APPENDIX A
 LIFE SUPPORT SYSTEMS

1. PORTABLE LIFE SUPPORT SYSTEM

The -7 portable life support system (PLSS) will be used by crews on
Apollo Jomissions as the primary system,for extravehicular activities on

the lunar surface.\ PLSS consumable

rform"fce, with the exception of

the battery, is aetermlned by the average metabolic
crewman during the EVA. Between EV peri. '

'cartridge must be replaced.

“,1 1 PLSS CONSUMABLES



Charge weight, nominal , ' . 1.803 1bs
Penalties and residuals -0.356 1bs
EVA prep‘y , ,’0.092‘ ' ' ’
LM cabin repress . 0.031

,fInstrumentg;ion érrorz .058

__ Reg. prees, residual 0.175
~ Usable 0, -
30 ﬁiﬂt&utg




1.1;3 Feedwater

PLSS feedﬁatér cooling cgpability‘is expected to be as follows:

’ ‘ . Main Tank 1 Aux. Tank

Initial loading 850 1bs  3.16 lbs

~ Losses‘  ', = ,-0 96 1bs . . -0.08 1bs
Nonexpellable i  0'2% ;53, 7 f ¢,;$f . . .

Slave .
,iTransport water ::!Tf"‘“~
_ makewp =
‘ Usable feedwater, 




e

= electrical equipment heat load
elec . -

]

- 149 BTU/hr', 20 maximum '

zaLiOH = LiOH/COz reaction heat release rate
= 0,245 Qm ‘ fer a R Q of 0 . -
R.Q. 5 Respiratory Quotient;“' tio bf Cdzﬁpféaucéd-;'

to 02 utilized by an individual

~6hi;z external heat 1ea

Hence the parasitic hea:_lﬂ



BTUIHR o5






2. BACKHP LIFE SUPPORT SYSTEM

in the event of a PLSS malfunction during an EVA, backup 11fe support -
is provided by the Buddy-Secondary Life Support System (BSLSS)

2, 1 Buddy-Secondary Life Support System




to the,ﬁmbiiiéal'water~flow divider. Cooling water flow is split equally
between each crewman. A tether is,prpvided aS'pért,bethe umbiliCal to
prevent straining of the‘water'hoses'6r;cpﬁn¢¢tiohs; _Approxiﬁétely‘

5 minutes is réqui:ed;for thi$ eme?géﬁcy;traﬁgfé#;fand.an additi0p51 13 ,1




 APPENDIX B

LUNAR ROVER VEHICLE (LRV)



MiE




2.2 Range

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






	Contents

	Illustrations 
	Tables

	1.0 Introduction

	2.0 Guidelines Summary

	3.0 Lunar Surface Mission Plans

	4.0 EVA Operations

	5.0 Science Mission Guidelines

	6.0 Example Traverse

	Appendix A

	Appendix B

	References


