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HABITABILITY/CREW QUARTERS - EXPERIMENT M487

Robert L. Bond

Lyndon B. Johnson Space Center

A spacecraft represenL_ a unique and, in many

respects, a different erlvironn|ent ill which to live I'tJr

an} extended pcri_gl ,f lime. For a ]ottg I,'rm mi..-

sion. considerable att,'ntitm must he give. t*, the hah-

liability characteristics c_l' the vd,ich'. "l'ht, diffieuhie,_

and dise_mrh_rts endured during (;emini and Apollo

IlighLg must be eliminat_'d bef.re interplanetary flight

can be undertake.. Ilo_ever, habitability data col-

h,eted for carthbot,nd stati_ms may not be adcq.ate

as a hasis for th,' design ¢_f future space vehicles. Igor

example, crewmen have noted that the Apollo (;opl-

mand Module, whid_ is r,,latively craml:.'d during I g

tesLs, assunn.s a more spacious character in zero grav-

ity when mov,:m,'nt.* can be made freely in thr,:c

dimensions.

The need for hahilahility data relating specifically

to space vehicles is well recognized and plans haw'

been made to u_ the Skylab Program to provide a

fund of meaningful information on a number of hab-

itahility variables. Skvlah Experiment .M487,

|labitahility/Crew Quarters, is designed to provide an

operational evainatmn of the Skylab habitat by gath-

ering data regarding the manner in which on.winch

carry out their daily living and working rnutines

during the missions.

The success of the Skylab hahitability experiment

will depend, in large measure, on the adequacy of the

data collection instrumenL_ and the manner in which

they are used. For this reason, the M487 experiment

was included in the SMEAT |'rogram. To gain realistic

experience in handling the M487 protocols, the four

M487 objectives to he met in SMEAT were:

1. To obtain use-efficiency and use-time infor-

mation for the environmental m,'asuring

instrument_.

2. 'l'o obtain cr,'_ ,'vahtations of lit,. vari, m> slil_-

jectiw"data l,_rmatsand the tim,,,,,in_ol_,'din

their us4..

3. '1'o evaluate th,' c,mlrnunicaticms ,lis,'il,li.,,.-

associated with eo,.I,l,'t,' d,'l..nd,'n,',, Ul.,n
voice recorded data.

4. To e_aluate I'li_hl _ct,,'d,ling and tim,'li.,'

requireme,lts It_r the experin.',=t.

Th,' ,'valuation of Ih,' SMI';AT chamher as .'l hah-

itat was not an ohjeeti_' of this exp,,rintent: h(,_,'_,'r,

useful hahitability data w,'re c_dl,'etf'd during th,' h'st

that are applicable to th,' Skylah Program.

In keeping with Ih,' i.tcnt of M487 in SMI'Z,VI',

onh those results which reflect dirc(:tly on th,' con-

duct of the flight experiment are irreluded in this re-

port, SMEAT habitability asses.sment data, s.ch as

th,' environme.ntal measurements obtained _,ith tit,"

M487 instrmne.ts, arc n,tt ftre...ent,'d or discussed.

Test tlardware

l'hc hardware ,'mph)y,:d by M487 can h,"

categorized into tw,_ major groups: environmental

measuring instruments and subjectiw' evaluation

formats. Tire instrumenL_ ar,' further clarified as ex-

periment ,sluipmcnt and supl._rting cquipn..nt.

Three different subjective formals were us,'d during

SMEAT: a rating form, a debriefing qucstionnair,.,

and an environmental evalualit)n scale.

Instruments

The M4_37 hardware has become something ,,f a

t,,st case in an attempt to procure "off-the-shelf '_

items, conduct a minitnr_m qualificatio.-tcst progratr,,
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and vvrl,if,,Ili_hir,'adhu.-,-.Tlw lh'_,'h)ImWnl,Ccul,cr

(Mar,,hall ._pat'c I"light (:cnt,.r) for th,' M-I.ST ,'Xl..ri-

,vl,,nt ,'hi)..-,, to 4"orvdu4't this l,_,t),, of prot'tJrcmenl,

.,,m,'.' tlw hard_ar.' rcqzfirl'nm.nt f(br the ,.xpcritncnl

v+as quite smltdv and >traighll'<_r_ard: to twovhJe a

.,,.nail zt-.'+()rl,liil'lil o.f m,'a+-,uring d,,_i¢,'s u_'ful i,

_htaining quanlilativ,' data to _upph'm,'nt Itw n'rt'w-

m,'n'.., .-ul++p.cti_t' iml_r,'s..4_ms id' _arit_u+-habil,abilil,y

rclah'd paramq'h'r_.

Exp+,riment Equipm+'nt. 'l'Jw t.,q.,rim,.nt equip-

,u,'nt itwh.h,+:

I. _ ch)lllCt_,r

2, 5,),,r.I I.,'+','1 Meh'r

3. l"rcqtwncx x,nal_,z.,'r

l-. '['tlcrttltvmt.lcr+ {fur antllielll atvuo...idwrc )

5. 'l'hcrmomt'te_ (for szzrlac_' h'mp,*ral,ures)

(I. tr'orrv (;augc

7. "l'alw "xh,.',surl.

+l, l'_quil.)inclnl (]<retainer

Swpporting Equipment. Th0' in.trumenl,s t'ou-

tai_wd v, ilhm lh_' Skxlab onh<_ard in+,rrntt)r_, to Ill'

jointl+ u.',c,I b+ M-14+7 hwhodn':

I. ( I).2/I},'mpoin! M_milor

"2. q),,,' I),'gr,'c *%lllomal,it' Sp(_tvvl4,t,'r

3. I'hotogralJiic I'_tlUil.vWnl and ._n'c,'s...ories

_,. t'qtnipmc.l _'ontam,'r _ a. ,h'+_'hq,,'d Iv) llotim,

llw %1.187 l..euliar ,'quipmc.lt. l+his tntlit, which

rvscml,l,'., the Skxlab tt.)l kit, i_. a compact ..,'If-

cont-inn'd module ++ith three .lid,'-m+t ,Ira++cr... Thc

ilistrtnlli_'nl,,,, arc slnock Ill(ttlllled ii} t:lntouts r,'cesscd

inlo clo_'d c,-ll Mozil,, inserl+- t+itlmn ,'aeh drav+er.

The container is tlesign,'d Io fit into a standard

SksLlab sto'+agt + Io<'kcr, as (h'pit't,'d in Figure I.-I. 1.

tlw SMI":VI' chamlwr, Ihr M1.87 ,'quitm,cnt t'<mtam,'r

was Iot'atc<l in stowage Io_'kcr 7t1"1 ,,_il,]lin tht'

wardrt_om.

Tlw ,'xperimcnt enluipmcld um'd in the S",IE %T

Program was the qualification-t_+st hat<blare. 'rhi,.

hardware was of flight confi_lralit>n _,xccpt h)r I'+o

late chang_'s which "+ere idewtit'ied at the M487

Critical Design Review held on Juv.' I, Iq72. The

first ,+as a n'd_'signed drawer lat('h (v+chh'd instt'ad of

PACKING

'----'--" PACKING

I"_ur,' 17 I+ M.III7 In+,lrum_.nl Kit

btmd,'d) _hi_'ln _ill b," m(_rc rcliabh' und_'r Intzltiph"

tim's, and the, s_.('t)ll(t v+as tlw incorl,>ration of Iing+'r

_.utouts in the _h)zit,. to lan'ititat+, instrument r,,moval

aovdr4'placclncnt.

Subjective Fonuat_

_ltlzough not hard_are, the _ubjet'tive formats

art' invtud_'d in this _'ctitm Irecau_" a m'_jor _'fl'orl,

went into Ih4.ir dc+,,Iopment and they do repr,,senl,

:.cparal,c _lo_a_,. item:, requiring unique tim,'line

,..ch,'duling for tl,'ir It,,'. All Ih+' variou.-subjrctive

format.- _+-r,. Ili_hl r, nl'i,gurcd and contaim'd man)

zero g relah.d ilcm+-. Ilnal wcrc ob_ic)usJv ulot ratable

b.+ the SMEX.T cr,._. "l'lw.-e il,,'m_ w,,rc not used

during SMI'_ VI'

Rating Forms. Th,' Sultj,'ctk+' Hating l"(wm um',l

by tin,. SMF+ X.T ,'r,'++ was a "'<'uc card" containing

g,,neraliz,'d ct)mpartm,+,_t design information on oxw

_,i&+ and ,.quilml,+nt adequa,'x inhvrmati,m or, l,he

other ,.,idc. l++i_,r, _ 17-2 shoals the form um'd for

general vompartm,+nl, v_,raluation,.,. Ilem_, on each side

(+1' the _-ard _,+r,' alphanumerically coded to facilitate

inflight +mcc recording of Ih,' ,,+alual,ion data. In

preparing th,. "'ru,' card." a +c<'tion was inadverl,+ntlx

omitted ++hich ealh'd for cvaluating c+'rl,ain item,, of

Cvluipnwtd in h'rlll_, of Iheir fr+'quen<'y of tim. rat,her
than in I,'rm, ,_1' urn absoluh' a._s+'.,.sm_.nt <vl+ their
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STATE NAME & DATE

STATE CODE, THEN NUMERICAL RATING FOR EACH ITEM TO BE RATED (either by

row or column}.

EXPLANATORY COMMENTS ENCOURAGED. ESPECIALLY FOR RATINGS OF 3, 4. OR 5.

RATING

SUBJECTIVE RATING SCALE

DEFINITION

EXCELLENT: Improvements matter of individual crewman preference

VERY GOOD: Minor improvements possible, but not really necessary,

ADEQUATE: Some shortcomings found and a few Lmprovements would be
desirable.

POOR: Shortcomings found and improvements are necessary.

UNACCEPTABLE: Gross shortcomings found and improvements are

mandatory,

PARAMETER

TO BE
RATED

Compartment general

arrangemem and orientation

Volume of compartment

Ceiling/floorproximity

Compt ingress/e_ress provis!ons
Trash coltections provisions

Stowa_}e volume and access
Temporary equipment restraints

Personnei mobility aids
Personnel restraint devices

EA F AA MA WA HA i SA

EB FB AB MB WB HBiSB
EC _/lJ//l,wc HC SC
ED FD AD MD WD HD iSD

EE FE AE ME WE HE ISE

EF FF AF MF WF HF!SF i
EG FG AG_MG WG HG!SGi

EH FH AHIMH WH HH|SH!

E, F_ A, IM_ /II/II/)/I_

*Use FWO/DOME column for 2nd Deck evaluation.

Figure 17-2. Subjr'¢tivr raling for general compartmenl accommodations.
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/

design adequacy. This form was included in the

ch,'cklist and was used concurrenth with the rating

scab'. Figur,' 17-3 shows the use frequency rating
form.

Debriefing Qaestionrtaires. In order to stimulate

grt)up discug_ion among crewmen concerning various

aslwcts of Skylab habitabilit), a _'t of questions was

prepared for use as part of the regular off-duty day

debri(.fing. The questions were designed to gather a

more comprehensive assessment of certain aspects of

habitability which wcrc not readily am(real,it to the

rating scab, form of evaluation. The rating seal,.., wer(.

designed to elicit individual evaluatio.._, while the

questions were int,.n(h:d to create a discussion

atmosphere which would allow a fn_c exchange of

ideas between the crewmen and thus possibly prompt
a more detailed cvahation of design inadequacies and

potential corrective action._. A _mplc of the ques-
tions u_d is shown in Table 17-1.

Environmental Scales. The environmental _ales

were designed for u_ in conjunction with the

instrument _rveys of the environment. The_ _alcs

were intended to gather the crewmen's subjective
evaluations of the environment for correlation with

thc quantitative m_'asurcments obtained from the

instmmcnt_. Figur, 17-4 show,_ the environmental
8caleg.
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hll'light I h.bri,.lhq_, (,)urstit,l_
I .,,_'d I'.r I)a_-9 in .gMl'i VI' ",li.-._hm

1. What partncular aspects of the O/A seem wetl designed

and arranged tor living and working in zero-g:'

What aspects are deficient, and how?

2. Whmch restraint device offered the most assbstance in per-

forming=asks;which the least _ What recommendations

do you have for umprovements?

3. What vislbihty problems have been created by shadowing

within theO/A? What areas, or activnties, are most

affected;' Howpract=cal _sportable supplemental

lighting_

4. How eifect0we ts non-equipment-assisted verbal communi-

cation throughout the O/A;'

5 How satisfactory are the food management and dining

accommodations? How well does the food adhere to the

utensplswhen eating? Woulda closer tray-to-mouth

proxtmnty be desirable?

6. In what ways has zero-g been helpful: in what ways a

hmdera_lce ;_

Test Methods

Sim'e lilt prinw i.trpo..,c ior m,',Jrporalhtg M487

into Ihc SMI': 'tT Program _sas h) gaill ,,xi.'riem'=, with

all a_l.,¢t.- of the CXl_cri0nrnl itrqlhu._d, a dedicated

rl't'l_rl wa... mad=, l. I'olh_t_ tin' aullicipab.d Skvlab

fli_hl pr, w,'durc.-atnt _ehedulc..

|l|slrtlmenb

The M187 ,'xtwrim,,nl and supt._rti=i_z cquipmcnl

wa_ _'hedulcd for periodic use throughout the

SME-_T Program. with each cr,'_man havir,g at h'ast

two =>pl=orlunitics to op,'rate eaclt instnlment. The

restraint,tit arc categorized mh= sdwduh.d use items

and dL,.cretionarx use item.- Ior mfligh! application,

but all htstrutncnl.- except the tape measure were

.,,chedulcd for u_" during tt,c SMI'_,UI" Program.

Scheduled ==flight items are the _ehmtetcr. th4' _,,nd

lewd meter and frequency analyzer, and the tem-

perature measuring device's, l)i_'r,.tiona_' ==flight u.,_

items arc the force gauge, the spotmeter, and the lapc

measure. Environmental .survc_,s _vr,, s.hcduh, d on

SMEAT mission days I0, 23. 38, and 55. and

required thr u_" of eact, ,'_:h_'duh'd ir, strun|etH in cat't,

compartmrt, I _ithin Ih,' SME,Vi' chamber. The in-

struments ..,ch,'duh.d Ior u._' or= thc._: daxs x,,'rc

divith.d atnung th,' tr,,wmcx, in ord,r to st, arc the

workload aml to gait, {qq_ortunities for u_ ex-

per=eric(.. The data w0.r,, voice ='corded in order to

avoid as mud, ==board logging as p,s.gblc, althougt=

tlw ¢r_.w found it mort convcnirnt l= log Ih,.
instrumcnt m_'asurcntc,uls a., they wcrc made attd

tl,ett read tl,,'m into Ih,' recorder all at one time.

Subjective Fomtats

'flu. u.-c _d Ih,, ...ubj{.(:tive fornt;at._ wa_ scheduh'd

into th,' tim,'li.,' in accordance will= anticipatr-d

Sk_ lab fligld u.,," _,'h,.dul,.,

Rating Forrn._. 'lh," initial SMEAT tim,'line tall,.d

for five u_-cs p_'r ==ta=_of the rating h_rm. Tbr,.c

obJect=v,',, d_'fin,'d tl,i.- _el,eduh.: fir,,.=, Io determin,.

rcliably ,'xarlk ho_ much time was rrquircd to u_"

the forms: _'coml. t_ dctrrmit,c whether or not th,,

form w()uld Iwcom_, more of an irritant tha,t a data

source bccaus(, of repeated u_': and third, to idcntif)

an,. atliludr ...i0ifl... toward the ih'm.- being ruled as a

i'unctio,= of tlwir i=roh)t_gcd use. SUlqdCttwnting the

assigned rating:, u, ith cxplat;ator.v ¢ounmenb _a_

considcr,.d ,'_.,,'ntial for proper intr'rpretatio, of th,'

ratings, _'spc¢iall) for Ihosc ih.ms rated at tnid.-{:ale or

]ol_t (,r.

Debriefing Q,estiontmires. TIw d,-bri,'l'ing qu,'s-

tioumair,..- w,.r,. ,h'.,i_n,.d stwcifitall._ for the thr,','

off-duty day drl,riefing.- _h,'duled tor tit(' S1.-2

mission and _r'r,' u,'-,'d mite= for SMI!;A'I' A tourlh

_'t of question=, _a_ al_o dc_r,loped which addre_.,,.d

the ,'xp,:rim,.nlal protocol rath_'r than habitabdit,,

as.-_'sst,letlt per ...e. "['tie questio,mairr u.'_s were,

scheduh'd for mi.-siof day:. I 1. 19.32, and 47.

Enz:tronmenlal Nrales. 'l'hc environmct_tal stale_.

_,'r,' m¢lud,.d a, a pa_. it= tlw ",1487 checklist which

contaiiwd ttw in_trutnent use procedures. The time-

Jim. calh'd Jor tin(. ul_-,"of thi_ form by each crewman

during each s,:lwduh.d environmental m,'asuretncnt

day.

Ad tlor (_omtncnts. l)uring Skylab fligt, t, Expert.

mcnt M487 will b,' limited in iL- ability to make lit,"

tit=elite iinl=ositi_ms required to fulh document crew

rc_pon...e.,, to all a.,,pccts of habitabilit). 'l'ho_ item.,,
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INSTRUCTIONS:

USING THE FOLLOWING S- POINT SCALE, VOICE RECORD YOUR USE FREQUENCY OF

THE ITEMS LISTED BELOW.

RATING

I

(very often)

?

(often)

3

(average)

4

(seldom)

S

(never)

USE FREQUENCY

Daily - or every available opportunity

Every day or two

About once a week

Infrequently - once every two or three weeks

Not at all - (define whether item is Ill

designed and difficult to use or found to be

unnecessary)

EXPLANATORY COMMENTS ARE ENCOURAGED.

CLOTHING ITEMS

A. Jacket

B. IV boots
C. IV gloves
D. Bump hat

SLEEP COMPARTMENT ITEMS

E. Pillow

F. Blankets

G. Light baffle

H. Privacy curtain

SUPPORT ITEMS

I. Penllghts
J. Scissors
K. Tool caddy
L. Fortable fan

NOTE - ASTERISKED ITEMS (') APPLY

APPEAR ON THE FLIGHT FORM.

OFF-DUTY ITEMS

N. Tape player
N. Headset
O. Microphone
P. Playing cards
Q. Books - (pleasure)
R. Hand exerciser
S. Hand balls
T. Darts & board

U. Exer-gym
V. Binoculars
W. Windows (WIR - STS)

*X. Chess game
*Y. Course material

*Z. Manual dexterity kit

ONLY TO S_4EAT AND WILL NOT

State the
letter

designator
of the Item

and your

rating of
that item.

Figure 17-3. Evaluation form for equipment use frequency.

deemed most important for evaluating Skylab habit-

ability have been included in the various M487 data

sources specifically developed to support the experi-

ment. However, it is anticipated that additional data

will bc available during the missions in the form of ad

hoc comments offered by the crew as they conduct

their routine communications between the spacecraft

and mission control. In order to assess the quantity

and quality of data ava/labie through this means, the

daily SMEAT reports were reviewed and rand{_m

samples were taken of routine communications,

which will be transcribed for Skylab, but were not for

the SMEAT Program.

Results and Discussion

The results and di_u_sion presented in this
_ction are limited to only tho_ data obtaim'd during

the SMEAT Program which impact the Skylab M487

protocol. Therefore, only representative examples of
data actually gathered are presented. Complete

transcripts of the debriefing questionnaires and the
environmental measurement data are available

through the M487 Principal Investigator.

Instruments

The two most significant outputs of the

instrument u_s were:
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INSTRUC1 IONS:

VOICE RECORD YOUR IMPRESSIONS OF TME FOLLOWING ENVIRONMENTAL PARAMETERS IN

EA(H COMPARTMENT THROUGI'ff)UT THE ORB_{TAL ASSENBLY. IDENTIFY YOURSELF, THE

(OMPARTMEHT, THE DATE, AND T_tE TIME. ALSO IDENTIFY ANY ITEMS ON wHICH YOU

Ct.KIOS[ TO _IAK[ SURFACE TEMPERATURE MEASURE_KTS. EXPLANATORY COMMENTS

AEL ENCOURAGED.

l+ I LLL_I NAT I ON

"_ AIR

TEMP[PJkTURE

3. HI,_MIL)ITY

4. AIR FLOW

EXCESSIVELY

BRIGHT

VNCOMTORTABLY

NOT

uhC,OI_FORTABLY

_RY

_NCOMFORTABLY

[]RAFTY

__ +

ANNOYING

CONTINUOUS

NOISE

BRIGHT

COPtFORTABLY

WARM

DRY

DRAFTY

ACCEPTABLE

CONTINUOUS

NOISE

ADEQUATE

COMFORTABLE,

NEITHER WARM

NOP COOL

COMFORT ABL E.

NEITHER D,Rv

NOR OAMP

COMFORTABLE,

NEITHER DRAFTY

NOR STILL

NO

DISTURBANCE

DIM

COMFORTABLY

COOL

STILL

EXCESSIVELY

DIM

UNCOMFORTABLY

COLD

UNCOMFORTABLY

DAJ,_P

UNCOMFORTABLY

STILL

ACCEPTABLE ANNOYING

INTERMITTEN1 INTE_[TTENT

NOISE NOISE

READ THE NuMbER OF THE PAR/U'4ETER FOLLOWED B v THE LETTER R._ING

YOU ASSESS _OB THAT PA_EIER.

I. l'l*,"(l,'I,'r.li.ati..,.)IarlHal Iit.ur,'q,_,ir,'dI,_
t'qilldtlq'| LI slll_.I'% ,

"3. Th,' ".,'rilii'ali.H_.I,_il-'rati._l_,r,_.,'(lur<..-_m(]

r,ri.)rli._l,-rmal_.

Tt) ._' _,v,+ (,f th, +..it_. it.'h.h,,l i,L If.' ..,'h,'duh'd

_+.r'+,_._,_ r,'ql,ir,',t al+ot,I _llimllililll,,+ ¢11 a t'rl"+,+mliali'P_

lim.<, Ir..i illstrlllnt'lll iI11_.|1)%+.,_1_, . lit, .l(l_.+,kl_,t ` Ill+I(]

',,)it',' r,','<)rdi._ ,d lh," <lala. l'h,' ,,,,,' ,'\,','ptio. +_a,,,

th,...w)t..i h,+,.l m,.t,.ril'r_.,lU,'i. +) a.al'._,+r t't)lllLl+lli,l.

ti_m. ++'hit'h took apllrt)_.imat,.l _ I.+_;t,m.I,'_. l.'('a.+'

t_f tht + r,.tluir,.mrzlt It) +h'l+ ...t+_',',+,.k,,Ix lhr.u_h

I'h'v,'ll (]il+l',.rt,til frl'cli..t.'x h.,I(l.-r_,th,'r I)|a. Inakirl_

•', ._i.t_h' rra(Jill_ p,'r ('<lmllarl=lll'lH (a.- wa+- r,'li.ir,'d

_ith tht' t_til_.r ip_lruntr.t_). 'l'h,' h=ilial u_t' oi' If.'

m)uii(J lll<.ll,r atld tl." ,,vl,.,.'U'r r,',luirrd .i. +ddili...l

fil't,.,., liliiltili'.., l'()r _att_.r_+ h>a<lh=_ ..,I iti...Irumrllt

a++u.nbl). _kyl-i, flight tim,'lh.'+ ti()r i.._tr.m,'lH u..,,'.,.
v+ill b,' svh,.d,fl.d l'i)r .<+ h's_ tliatz L5 mmtzl_-,..

Th,' >;X.ll'i VI ,r,'++l.,'. I',...I lh,' _,l.l.l{? m..Ir.-

n.+llt ._un,,x_. t,, h,' .i.r,. ,.ll+,.i,..I il Ih,. urn' tim,'_.

d.ri._ Ih,' ,la'+ +_,'r_' +-t.',_,'r,'d. +l'hi_. ,'lir.hml,+,l Ih, +

|l()t,+lltial ,+(lil_,+++,ti,,n ill Iv,l> <'rt,,++.lllt,Ii ('(in<'tlrrl.lltl%

taKm_ ilitl,.r_.iit m,';+-iir,'rll,'Ht, ht th, + _I.," +£n'a. It

ul...o r,'(hJ_'<'d Ih,' u>,' c(,ii_trai_H,, o. _(ii,', + r,'('ordili_

ti,._ + l_x +pr_'adi.X out tl.' ilala rrlr+r;al (.s,i'l+ +. Th,'

_'r+'_.m,-. +u,,,_,,,'_.t,'d thai iii_.trtlllll.tll ll-C ,,lli_'i_..c,+

wtluhl I.' +'nhali,<',l if Ih,'_, ++,'r,' alhl++,',I l,, ._l.,t:ializ+'
in thl' iI:..,l' tll" ++)Ill + i)r Ivl-ll ili+trUillrlll> rathrr ttlali

rt.cluirill _ +ill liJ I.' tlri)l'i('irlit wit|i lilt i'liiirr

ililt'nlol'l, ihllh :.li771+..lillli+ I+ill I.' ililorli<ii'alr(I ill

thl" ttlali+ I'Of flip.hi li_' _ll" tht' X,lillT rx|lrrinirnl ill+lit

+ut)tlllrlili_ _'tliiiltiiil'il I.

(tlil. <)1 th,' ili,il',, itih.ri,..tili7 ri'>,ult_ <)f thr _t1+lI|7'

in.-tl'unil,ilL._" l_r_,>_,ll(.i• ill ihl' ('hallllWr wa... lht.ir

(ti+crrli(lliar) II>r IlJ _,ulttllrilit'nl +ulti,.<.li+',. ini-

]_l++-+-..-i(lli+,. alibi l(i iltiantit ) data itt+nls for illll.rP._tl:d
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'l'Md,, I..+')

.";.lJj+,rli+,<. 1{at+._ l)+J la for (J,f,'r, liz,.d (i, mqmrt m,'.t I )+',,i_+n

Des)gn Feature/Accommodation

Compartment Day Crewman A B C O E F G H I

6 CDR 3 3 3 3 3 3 3 3 3

EXPT 4 PLT 3 3 2 2 4 3 2

8 SPT 3 3 3 3 3.5 3 4

6 C 3 4 3 2 4 3 3 3
WARD-

4 P 4 3 2 2 3.5 3
ROOM

8 S 3,6 3.5 3,5 3,5 3,5 3

6 C 3 4 3 2 3 3 3 3

WMC 4 P 3 3 2 2 2

8 S 4 4 3 3.5 3.5 4

6 C 3 3 3 2 3 3 3 3

SLEEP 4 P 3 3 2 2 2 2.5

8 S 3.5 3,5 3.5 3.5 3,5 4

6 C 4 4 3 3 3 3 3 3 3
SECOND

4 P 4 3 3 2 3 3
DECK

8 S 3.5 3.5 3.5 3.5 3.5

Note: 1 = Excellent, 5 - Unacceptable; see Figure 2 for completedefin_tion of ratings.

'l'Md,' 17 3

l"rcqu,'twx of |h.._. for lli-<-haml..r l'_quipnl,.nt It,'m+

Crewman Dav A B C D E F G H I J K L M N 0 P Q R S T U V W X Y Z

CDR 6 4 1 3 2 3 2 1 1 5 5 2 5 5 5 3 2 1 1

SPT 8 2 1 1 4 1 2 1 1 2 1 1 5 1 5 5 5 5 5 1 5

Note: See Figure3 for list of equipment items.

parties who had no onl.,ar<l hard_arr Ior such

purpo,_e,_. ,+Xn rxaml)h' wu.- th,. u,-+. of both tylJC.- ol +

temp.'raturc _t.llsor.,, |o +h.l,'rmh+c tiw mo,-t a<:<_elJtahh,

water temperature for th+' ._flo+,_,q.r. _U('h dis<:.rctio;lar+,

u.,rs of the instrutncut+, citllcr at crew option or

ground request, _il] h_ their prhnary inl]ight u_

mode.

Subjective FormaLs

Rcpre_rntativt. rv._ulL- ar,' covered in thi.- serthm

for the various sutjjcctiv,, i't)rmat.- ins_,d, and tt_,'

related (li.,,cu_si(m will addr,,,,.- an', proto,:ol (:hangcs.

Rating Forms. The l'irst tt.-q' .I I1.: ratiu_ Iorms

r,'v,'al,'d m.veral opcrati<mal diffirulti_!+.. I"ir+t, to

COmlJh't,' both sid,'._ of th. _:u,' card to.k ah(mt

firt,.+.n to tw_mt.x minut,.., _hich ++a_. m+arl+ twit',, th,'

tim,, that had hccn anti¢-ilJat,.d. Second, _nw

prohh.ms _+cr,. cncountJ.rcd in int,.rprcting tl.' voi,.c

data+ These diffieuhics w_.re a.-socialcd wilh lhc

list,'ncr confusing th+_ alpha,mnl,.ric dc.,.ignations.

Finally, and most intportantly, there was let+- than

x,,'h()h'h,'art<'d t;r_'w acccl)tan(:c of the f<)rms as itm'fnl

data t{.)Is. Tit,' major complaint s,,as thai the, JorlllS

x,,+r,, too n.'<+ha,fical and ('()1|strai|IvJl lh,' crc,,+'s

alt,.ml_t_, at snlq,.ctiv,, c+ah,ation.
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Table 17 4

.";uhj,','tiw, Rating I)ata for Eqnipm,'nl II,,m_

Equ_pmen! Item

OWS fireman's pole

OWS dome and walt handrail

Triangular shoes/grid

Trash airlock

Wardroom table (eating station)

Wardroom table inon-eating uses)

Water dispenser (food}

Drinking water dispenser

Food tray

Food cans

Drinking containers

Seasoning dispensers

Eating utensils

Fecal collection equipment

Urine collection equzpment

Hand washer

Drying stations

Whole body shower

Sleep restraint

Crewman

CDFI PLT SPT

Pa ramet er Pa ra me! er Paramet er

A B C A B A B C

3 2 3

3 3 2

3 4 3

2 2 2

2 2 2

2 2 2

3 3 3

2 2 2

3 3 3

4 4 4

3 3 3

4 3 4

3 4 3

3 4 3

3 3 3

2 2 2

3 3 3

C

2 3 3

2 3

2 3.5 3.5

2 2 3

2 2 3

2 2 2

2 3 3

3 3 3

3 3 2

2 2,5 2.5

3 3 2

3 3 2

3 3 2

2 3 2

3 2 3

3 3

3 35 3.5

3 3.5 3.5

25 3.5 25

2.5 3.5 3.5

3 3 3.5

4.5 3.5 4

4 35 4

3.5 3.5 35

4 4 4

35 35 35

Note: 1 = Excellent, 5 = Unacceptable; see Figure 2 for complete definition of ratings,

A compilation of the data retricted I ronl the first

u_ of the' rating forms i-shown in rahh,s I.-2, 173,
and 17-4. A short ,,_'t of comnwnts was offered in

support of the actual rating-. rhe_ ar,. not pre_ntcd

in this r,Tort.

Following the crew's first use o1' the "'cue card,"

the card was reconfigurcd in an attempt to increase

crew acceptance, sino, it wa._ still ¢o,sidercd to bca

worthwhile evaluation instrumr,t. 3, copy of the

rrvi_d form was pa_scd into the &lamber for crew
evaluation. It was rvaluat_'d as ,,r L.'tt,'r than the first

edition and the use of die snhjrcti,,e rating furm wa_

dis('ontinu,.d i,,r the retnaindt'r of the _MEAT

PrDgralfl.

Stth_'qucnt tJ_' of tin' rcconfigun,d form in a

recent Sk)lab on.v, training exerci..¢ which simulated

._'vcral day: of the SL-2 mission revealed rather

similar ¢re_ n'a,'ti(ms, although all parties agreed that

the data which the form wa.- dcsigucd to rctricv,, wen.
indeed _ orth_ hil,,.

As a resuh of thr.,q' experience_, the cue card has

uow been abamlonrd for Skylab inflight application.

Ilowc;,,er, the individual _.gmrnts of the revised card
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are' ,ow Iwing expa,ded attd incorporat,.d into the

M487 ch,'_'klist, with a twt_-page format h,'ing u_.d to

prescut tisq"instructions and evaluation crih.ria on one

pig," and lit,. itcm., to be evahialed on lit," facing pig,'.

This sob,ran' will h," ba.,,'lin,'d as th+" SI.-2 _lbjcetiv<.

evaluation format.

The _'.Fwduling of the subjective evaluations will

al_ be modified as a result of tlw SMEVI'

cxperi<.ncc. Th<+ <+quif, ttwrtt ,'+ah ,titres ;+ill I,' made

twic,., once vearh and on<',, lit,' in th<" mission: lit,.

compartment accornntodalions will be e+ aluated on<','

abont midmi+sion: and the ,'quipm<'nl tim' fr<'quen<:_

will be record,'d oncv, lat_' in th,' missies.

Debriefing Q,estionnaires. The debri,.fing qu,'s-

tionnaire_- had a high <legrvq, of crew aeceptabilit._.

ILach seh,'dul,+d u._' +++ascompleted, and, on occasion,

all extra question or two _a_ a(hh'd to the list to

cover +me specific item of interest that had arim:n

since the previous debriefing. A repremmtative

excerpt is provided hf'n' to imlicatc the quality of
data that this methott of r,.trh.val elicited.

"Mi.-sion l)a_ I I I)ehriefing"

()ucstion ,t5- Itow .,atisfaclo_, ar_' the food

management arid dining a,'commodation_? }low well

does the food adhere to the uWnsils wlwn eating?

Would a clo.m.r trav-to-mtmth pro×trolly tw desirable?

Answers.

SeT-The food svst,'m is surprisingly good. The

trays heat well-.the water dispenm,rs work well--the

total activity required to prepare, consume, and clean

up after a meal is +toothing of a nuisance but no big

problem+

PLT-Trash accumulation associated with dining

is the biggest problem. Th,' manipulations of prep and

post are a pain, but n,'cemsan'. Forty to fifty pieces of

trash art. generated per meal and their constant

management is the main drawback to the food

syst,+m. The utensil.., at,' too small to handle com-

fortably.

CDR-Agree with trash c.ommcnts. Each _y

should handh' his own residue rather than constantl)

passing item., to a single trash manag,'r. For SMEAT

w,' are dumping most trash into a large fo(+d can

whi,'h i, l,J+,'+'d i, the u+i+Idl+' of II, + wardr, ont labh'.

II this sch,'me i.- u.,,'d l+or flight, a rv._Iraint +,+ill lw

req uirq.d. Th,' patti+, s.x+l,.ttl +_+_'nt- s+,.ll c_rganiz,',l. It

tak+'_ about 41) nzin,te+.., to l_r,'p-clil-and s,.l tilt h_r lh,'

.,'xt meal. The wardroom tabh. i> _+,'II laid _,ul t<,

t'opc _ith this job. We like th,' tahh' arrangeun,'ut i+f

fa<:ing ca<'h oth<'r be<'a¢l,..<' it h.ml+ it+_+'If t+_ a tie,.

social atmospln're ill era,lint'lion +,ith ,'ating. Mso a

gt,)d ida,+,, for group di._cussion at,d tinn.linv platting

acti+ity. 'l'h,+ z,!ro g a.-l.'ct, of this <lU+'sthm _+an+! I,<*

addrc_,_cd v,'r_ w,.ll.

Ent_ironmental Scab,s. Th,' cllxir<)nntcntal rating

.,talcs mere intended for u,e cavh tint,' an in.qrum,',t

sur..cx _.,,as made in order to obtain +ubjccti_,<" data to

corrclat,, s+ith ttw quantitativ,' data. II<>,+,.v,,r.,_)tlt,+

int,.q,retation probh'nus w*.r,, associated _+dh tlwir

USV. S,!,!lnin_ly, all possible c,mdtination,, (if u_' ++,!r,'

four+d:

I. Rating each paralll(.G.r for _!a_t:h ,.,)rnpartnwt_t

(as was int,.n<h.d).

2. Rati,g onl,, the parish.let associated with the

htstrum<'nt that particular crewman was using.

3. Announcing an <werall ,:hasher rating for

each paranwtcr, ind,'graled (t+er all com-

partnm.nts.

I)nc to the confusion which lit,' st'al,'s sccm,'d to

go,write, and duc to the lugistic difficulty of

acquiring scale ratings in clom: proximity with

instrument readings, th_ environmental m_alcs will not

bc u+!d inflight.

To _lvage the' subjcc.tive cnvironmi'ntal data

during flight two changes will be mad,' in the M487

protocol. First, three environmental paramet,.rs

(noise I,'vel, thermal comfort, and illumination) will

be added to the subjective evaluation form under the

compartment accommodations section Sccond, there

will be an environmental ass,'m,,mcnt question added

to each dchriefing session.

Ad Hoc Comments

One of the most beneficial data s+ources ++'as the

communication interchanges Iwtwcen tin' cre_ and

tlt,' capcont. Numerous item+- of interest to M487

were either Sl..cifically diseus+.d in respond' to

qtnesli_m_- or unsolicitedly offi_rcd during the
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dci_riciiu_.Si.rv nmst {_I tintsI>l."of i0d'q_rmation

wa,- probh'r,J _,rwnt,'d. it i,- di,_l'.,....'d hi m4m. d,'tail in

Ilw l'olh)_in_ .._'rtion. This I._l.' _Jl" data ._)urcc is

,'Xl,,','t,'dI,)l*r,,,,i,h'a major _,mr,',.,d hM_ilabiliI'_

a.._,'_>,,wn| data durm_ Ih,. Sk_ lab I'li_ht>.

Probiems

"l'h,'ih'm_,rq,_rr,'din lhi__'clionnr,'lah'l,rhnaril>

to 1114.I)is'r,.pam')Rrl.)rI_,(IIR',.)hlilialrdagainst

MI-ST dl,ring Ih,' r,.,rs,, of Ihr FMt'_ _'1' I'r,)g'ram.

'I'I.)_'dil'lh'tiltir_,thal M_IL ,.n,.ountcrrd _ith

rc.-i.'rl I*, I,rohw_d ha_," I.-,'n uddr_.>_,.d iu i,rc_iou.-

_'c liOIl._,

M487 I)i._'rep_mcy Reports

'l'h,. I)1{'_ mitiah.d il_ah;.I _|.lil. ilrc Iblcd il,

,uuncrh'al ,_r4i,'r _ ilh a >l,lh'lli,'lil ()1 Ill,. i_r,_JlJ,.Itl_i11(]
Ill,' _ohllioli.

Pr.bh,m -Tlw l_r*)l.•porti,m ol lh,'"_I.NITdi_Hal

thrrnlonwh.r l.'_'amr hl_)prratix r.

Nohilio_1- 'rh,, iUOlWraIivc }_rt;|., v.a.., rCln,;xcd

from II.' ,'haml.'r and a r,.pla0',.mcnt trail _:0s l,U...s_'d

iuto tllc cr,._. ]'|u' rcpla¢,'turnl Ultil xta.., a nr,._

roufiffuralion _hh'h ¢orrcch'd aul ,.h'rlro.h' OlWZ;

¢'irl'ltit h|ll,'rrill ill Ih,' mal]uta¢turh_ i_1"(.','>_ I,_r t}i,'

prol., _,'ll_r tq,. 'l'lw ,,,'_ ronti_ur;iti{m _ill I.' u_'d

onl,oard .gk) lab.

Problem -()m' ()I the anlhh.nl lh,.rmoonclcr...

(S/N {|02)api.'ar,'dIob,' r,'adin,,.,I()*)I"low.

._olutton-Tiw d_.lccti_c iai_Iru,u,'ul _a_ rvmc_w.d

from t|w chamber and a calibratiou l,'.-I _as

cOlidUCtl'll. 'l'}li' tr._l rc',rah'd that till' [llli| _l_,a:_ illdi'i'd

rraditlg fronl {I to I0 =) I'h_ thr()ugiumt iIs rnlirc

range. N{) _isil)h" dallli_.._i' t'II)llltlbC dclrct*'d a||d |10

,)t,vh)u.. rra...on ¢ouhl b_' IOlllid I,;r tin" a,,omal);,

although il _ as sU:.lWctvd that a lateral mlpart to th,'

stem cau_'d Ih," t_robh'nl. Th4. th,'r,n4micl,'r _ras pUt

h_to boudvd storage uutil tlw vnd ()1 the SMEVI"

I)rogranu aml Ilwul r,.h=rnwd h_r failur," anal_,si.-. N()

re_ull.- arc availalllv a.- o1 th,, _riliu_z of thb report.

Ih)_rw'r. IIw \1t-8T dlrCkliM _ill h.'lmh" a not,' on

prccauti(m.- to Iw follow,,d whvn hm.jlin_z and Irrn=_-

porlhlg the ambh'rH thrrm,)nnclcr-.

lYublem - I'ixarth I.}l,' sam,' as the t)r,'viou._ ill'ill.

,%_lution-Th," _amv i)roc,'durc was foih)_cd $,)r

tlw _-r¢i)nd aml,rut Ih,.rmomctrr faihirc, and tlw

t,ut¢{unv wa.- im'_'i..,.l_ thv .'_111¢. I'rudiug :.omc

rl'a...._uranrr I'r{_lll Ihl' t_lihlrr analy.g.. Ihal IllJs

all(illlal% Call Itt' corrl.('il.d ill the flight uniL_ tlw

lirillll, ill_[rtlllle'lll I'()r hd'lighl _llllbi(_ll{ Icml,'raturc

ini'aMlrClllt'lll.'- _ill lw tlw ollboard (_()2 (h!wt_°inl
lllOllit(],r.

l¥obh,m. Th,' M IIIT instrumrnt- ar,' sLo_,'d in

Xh)zit,. in_,,rL-(¢,.lli_ur,.d t,)i,,strum,-nl dinlr,ision._)

_ilhin IIw rqUilmWnl q'ol,lailicr. _l,ld the fit i_ lighl

a',l{;ll_ll I_) Ilidk,' illMrll,l,i'ill rt,ll-itq, al diffh:ult.

Soluli,m - Th,' M_,zit,' i,robh.n, i.- ,)m! of univ,'rsal

aptdi('atio;= t,, Sk_ lab -im'v nu,ncrou,- slo_ag," areas

onboard mak,' u_,' ,d tiff,- mal*'rial for shock

,ll()lAl,|ilig. 'l'h,' i,latl,rial has bq,t'rl te_trd und,'r a

_ari,.t', of ltri'_,ur, '- ii0id s4.rtll._ to ¢'t)llLrlt(.'t mark,'dly

durili,E till' 2() i,.-i lUIJIIclI 4'llvirO,ll]',q'llt and ,'xpand

_._,llrll Ih,. i,r,'n,,I,r," tall. ll) Ih,' 5.0 p_-i sr,.,i hi ,,rlAI.

Th,' M.187 .t,_t_a_r >rh,',ll,' ha._ l.'cn modified Io

i,l('hl(Ir Imgrr cllll)lll._ _lroHiId IIw ill...Irl,,ll0.n(.- Io

Im.ililal,, l}lrir Ira'l,lOt, al and r,.placrllW!il h} th,' kil.

'l'hi_ rnodifhali,.i _a. inld,'t.'mh'nl of Ihv dillicLdli,.-

h,duCrd i_ i|w ..l_aH,(.ral'! Prc_..urr cn_ironuuwnt _inr4.

th,' 'GIST Mozil,' _a.- _._alualrd as too tight a fit ,'v,'n

ill _l,l,Ili('n| sl'il ]t'_,,'[ pr,.,,sur,'.

Prt,blem Th,. ,m,.-dcgrrr spoimctvr i_ no! an

incident lighl-r,.adin_ ,h'vi¢c and nced_ a refh.,:tive
..q,rlacc Io lw it,,'d '.,- ml alnbi,'nl ilhimiilati_}r,

.-urv,.)&'vie,'.

,_olution- _ _lamlard 89.5 l.'recn!rcl'l,.cliv,,card

_a> _.1_,_',1 nl th,' churnb,'r for us,. _ith the

...|)ottll,'lrr during lilt SMl'.vr Program. arid a si,liilar

card will tic mrlud,.d a.- a blank pagv (approxim;ntcl)

idcnlifi,'d) i,= Ih,' '_1.|8T chrckliM for II_' dt,rhl_2

Skvlab flight.-.

tlabitability Related Items

lu _ulq-_rL o1' th,' M487 rcqu,'_-t t(_ rcurivc

tran.._:ril}t._ _1 all .',k_ lab i,lflight corl, lnu,,icalhm.-, and

I{_ support lh, ,'arli,'r r,'mark.- r,'garding th," vah,,' of

the ad hoe ,',...i,',,l_ durin_ Ih,' SME.t,T I'rogram.
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t}.. I',)lh)wh:_ ,',_amld,'_ of ,..i_nifit'.',n! ]mbitM_ilit_

n'lal,'d it,'m_ (n'trh'_,'d _ia tilis n:cans) arc pro_id,'d:

tlri,," spills

_,ipcs qtiaottil) anld quality

I lous,.kc,.ibirl _ prov,.durc_

lh,vcrag,' c(}lltaillvr leaks

%i_l(!(lUlll ch'am'r difl'icultics

(Jan crusiwr proccdur,'s an(J problems

l",.cal bag han(llil|_ illld s,'aling

I I_.r_rit'll'! t..riod resche(h]ling

[]_{, of (]oll]lllitlid M(.Julc _poo. as l_rhital

_,_orkshop f'alill_ utensil

I,ild and dusl ct_lh.rtion

( :h)lhil}g prcfcrcllce.-

Ih.taih'd di._cl,_si,m <}f Ill,' iD'lt|s ill this li.-I ('u. bc

I'{DUllt]ill (}tiler ._('('tio|]_. i)f |his rvport.

()n_! last COmln,+tll is offered m support ol

haldtability a_ an entity as olq.)._cd It_ Ii;,bilabililv

when constrained by <)utsidc influences, such a..,

biom,.dical dala co,.-.id,.ratiotL-. _,X,,'n+ it not for the

r,.quircm,'nt.- to collect urine and fecal ...amph's. thu

t,,astc ,,anagemcnl I'acilitics could haw bvcn dcsi+gtwd

to avoid man:+ of thv pr(dd,ml.- +d_s, rvcd in SMI']AT

a.d a.ticipated in Skvlab b) simpl) tr,'atmg these

items as disposabh'. A s._Mcmatir revi,'w of the cntirL"

habitat might rcw.al otilcr an'a_ w}lcrc habitability

ha.- t.'_'. COmlwomi._vd l.'<'au.-,' of eXl.'riinvr_tal or

operational 4_oTIslraili l._.

Fligh t hnpacl

Thn.v major an.as _)1' Higl_! impact emcrg,.d Ir()m

the M487 +.Xl)crience ill th+' SMEAT I'rogram:

t. RvconfLo-uratioti of I_orti()ns of th,+ sl, bjcctive

data pavkap,'.

2. S('hi'duling i.lldi('_di,),l.-.

3. I.¢lru,n,'.l u_-,' f,hil,)s()ld_).

:",s I)ri'vi()t=sl,, ,li.-,'lL-_,'<l, the "',',t,' <'ard'" ralill,_

I'*)rlllal ha> h,',+n ah.m=d<,.,',l i_i I'uvt)r of a I,-.. rigid

,,valuation _.vIll,ill<. _ith _rl';.llt'r I'lll| Ih/.l_i> (Ill

._ulql()rtil| _ I'l}lllflll'lll;ll'_, alld I+'_- _+l.ldia_'i_ *_lt Ihi'

a,_._il_lilllt'lll. ()l' Ul|hltlV -.('alar _ahlr_. 'I'll+' _lll_j,'rli_v

a|t.pri)arh Io the i,llvir<Hl/nelll+ill data flu.', bvt'll

r.ori+.nlcd to alloy+ mor,' lr,',-dom lor th,' rr<'w..', t(_

disrtl:-+_ llwir iml+r,',.si-n+- ralhi'r lhan l'<_rri._ _+,'alar

,'h<_ic,'_..

I+a_.,'d up<)r, th,' S_,II'_,,'_'I' vxperiellc,' ill ,._:h,.dulin_

ut,iqu,, tin.'lirl,' i..ri(.I. Io avcomldi,-h th,' _.ari<)tt...

i,irti<m,, of M,I-H7. arm IIw a,'t,al thn<'> rcquir,.d f-r

l..rh)rman(:c, infli+ht u>,' ,,I all data ,.,,mn,+_ - ,'\(','t,I

th0' d<'hri,'fi,g ,lUr.-ti,m,air,', ha;, bcc, n.dt,(','d. \h_r< +

lri,,.d<)rn ha.. al.-.o l..e. grmil,'d the rlight plallll,'r:- ill

.-ch,:dulir_g th,' various \1487 data +_._...i,ms inh_ Ih,'

lim+'lim'. +";in<'c many ol + th,' M487 dala actlUiSiti(m

it,'ms haw, minimal tin, + r,.quircmcnt+, and ar,' not

uni(lu,4y constrained ll_ <)rbital p<)sili.n ,)r tim,' <)1

day, the) may b,' conv,.ni,'ntl,, ._,:h,'duhM as tim,'lin,"

artivitivs wlwn a ...mall time I.,riod i_-availabh'.

'rh,. l),'rio(ti(; in.,trl, mvt_t ._llr;vx.,, arv

|illl4'-tYOll,_.tllliill_ -'llld ._lmlcwllal reiiLl/Idant in imrposv

LIIIIv._s Ihi.rv has tw,'n a dlall_V of s<tlllt' Sigllili(.;.itl<'v ill

the onboar<! ellVir<)lllni'nl. Th," Ctlrrent phih)_udl ) is

l<) <)blain all early SllrVi'V for ha,-.Vlille iturltoSv._ and

rcl)+ upon lhl! (:l'(t_'lll_'ll [o d,'[,'c! _llld reporl <:llall{Zl'_

ill tl.'ir iln|trcs...iOll_ o1 t||l' x'arhtus Sk_lab ,.,_viron-
llll'nl+al l'll'ments. Tlw Illi'astlrill_ illsl+rllltll,ll[P, .ill

.,,+..rw. as dim+retionarv dcvi(!t's availal,h_ h, vl.rif_

.,ttbjc_:tiv,' impn.ssions, quantify atlomali,'..., or a,,si_t

n|i..._iorl c(mlrol i, tr,)uld,.>.liootmg as neccs_a_.




