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TECHNICAL MEMORANDUM

DESIGNING FOR HUMAN PRESENCE IN SPACE: AN INTRODUCTION TO 
ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEMS (ECLSS) 

Appendix I, Update—Historical ECLSS For U.S. And U.S.S.R./Russian Space Habitats

1.  INTRODUCTION

NASA RP–1324 “Designing For Human Presence in Space” was written in the early 1990s  
to describe the process of designing environmental control and life support systems (ECLSS) for  
habitats in space. Included in the document were tables (appendix I) that summarize the design features  
and methods of performing the various life support functions for all manned spacecraft of the United  
States (U.S.) and the Union of Soviet Socialist Republics (U.S.S.R.)/Russia through the time of publica-
tion. Included in the table of the U.S. spacecraft were descriptions of proposed design features of Space 
Station Freedom (later the International Space Station (ISS)) that were not actually implemented when 
the ISS was constructed. This document provides updated tables of historical ECLSS information as 
described in section 2.0.
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2.  updated tables of historical eclss

Tables 1 and 2 in appendix I of NASA RP–1324, “Designing For Human Presence in Space,” 
have been updated in order to

•  Correct outdated information and errors.
•  Include additional information on the ECLSS used for spacecraft.
•  Add information on the historical methods of thermal control for spacecraft.

Information for these revisions was provided by engineers and scientists at Marshall Space Flight 
Center’s Environmental Control and Life Support Division and at Johnson Space Center’s Crew and 
Thermal Systems Division. 
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Appendix I, update—Historical eclss for u.s. and u.s.s.r/russian 
space habitats
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g.

 
O

ne
 ta

nk
 w

as
 th

e 
pr

im
ar

y 
su

pp
ly,

 th
e 

ot
he

r w
as

 b
ac

ku
p.

 
[5

]

O
2 

st
or

ed
 a

s 
a 

su
pe

rc
rit

ic
al

 c
ry

o-
ge

ni
c 

flu
id

 a
t 8

50
 

ps
i (

5.
86

 M
Pa

) 
in

 o
ne

 s
ph

er
ic

al
 

ta
nk

. T
he

re
 w

as
 

a 
se

pa
ra

te
 ta

nk
 

to
 s

up
pl

y 
th

e 
fu

el
 

ce
lls

. T
w

o 
se

co
nd

-
ar

y 
cy

lin
dr

ic
al

 5
00

0 
ps

i O
2 

bo
ttl

es
. F

or
 

em
er

ge
nc

ie
s 

th
er

e 
w

as
 a

ls
o 

on
e 

sm
al

l 
O

2 
bo

ttl
e 

at
ta

ch
ed

 
un

de
r e

ac
h 

ej
ec

t-
ab

le
 s

ea
t. 

[6
]

O
2 

st
or

ed
 a

s 
a 

su
pe

rc
rit

ic
al

 c
ry

o-
ge

ni
c 

flu
id

 a
t 9

00
 

ps
i (

6.
20

 M
Pa

) 
an

d 
18

0°
C

 in
 tw

o 
14

5 
kg

 c
ap

ac
ity

 
sp

he
ric

al
 In

co
ne

l 
D

ew
ar

 ta
nk

s.
 T

he
 

ta
nk

s 
w

er
e 

co
m

-
m

on
 fo

r t
he

 E
C

LS
 

an
d 

po
w

er
 s

ys
te

m
s.

 
Th

e 
ta

nk
s 

w
er

e 
di

sc
ar

de
d 

du
rin

g 
re

en
try

, w
he

n 
O

2 
w

as
 s

up
pl

ie
d 

fro
m

 
a 

1.
7 

kg
 c

ap
ac

ity
 

su
rg

e 
ta

nk
. [

7]

21
.8

 k
g 

of
 O

2 
st

or
ed

 a
s 

a 
ga

s 
at

 2
70

0 
ps

i (
18

.6
 

M
Pa

) i
n 

th
e 

de
sc

en
t s

ta
ge

. I
n 

th
e 

as
ce

nt
 s

ta
ge

 
O

2 
w

as
 s

to
re

d 
as

 a
 s

up
er

cr
iti

ca
l 

cr
yo

ge
ni

c 
flu

id
 a

t 
85

0 
ps

i (
5.

86
 M

Pa
) 

in
 tw

o 
In

co
ne

l 
bo

ttl
es

. [
7]

O
2 

an
d 

N
2 

st
or

ed
 

as
 g

as
es

 a
t 3

00
0 

ps
i (

20
.7

 M
Pa

) i
n 

si
x 

bo
ttl

es
 e

ac
h,

 fo
r 

a 
to

ta
l o

f 2
77

9 
kg

 
of

 O
2 

an
d 

74
1 

kg
 

of
 N

2.

N
2 

an
d 

O
2 

st
or

ed
 

as
 g

as
es

 a
t 3

00
0 

ps
i (

20
.6

8 
M

Pa
). 

4–
8 

sp
he

ric
al

 N
2 

ta
nk

s.
 M

et
ab

ol
ic

 
O

2 
is

 s
up

pl
ie

d 
by

 
th

e 
po

w
er

 re
ac

ta
nt

 
st

or
ag

e 
an

d 
di

st
ri-

bu
tio

n 
sy

st
em

 th
at

 
us

es
 s

up
er

cr
iti

ca
l 

cr
yo

ge
ni

c 
st

or
ag

e 
ta

nk
s.

N
2 

st
or

ed
 a

s 
a 

ga
s 

at
 3

00
0 

ps
i (

20
.6

8 
M

Pa
) i

n 
a 

sp
he

ri-
ca

l t
an

k.
 N

2 
is

 fo
r 

le
ak

ag
e 

m
ak

eu
p 

an
d 

sc
ie

nt
ifi

c 
ai

r-
lo

ck
 o

pe
ra

tio
n.

 O
2 

so
ur

ce
 is

 a
 1

00
 p

si
 

(6
89

 k
Pa

) l
in

e 
fro

m
 

th
e 

O
rb

ite
r.

H
ig

h-
pr

es
su

re
 s

to
r-

ag
e 

of
 O

2 
(2

40
0 

ps
ia

 
(1

6.
5 

M
Pa

)) 
an

d 
N

2 
(3

00
0 

ps
ia

 (2
0.

7 
M

Pa
)).

 

N
ot

e:
 N

um
be

rs
 in

 b
ra

ck
et

s 
re

fe
r t

o 
re

fe
re

nc
es

 a
t t

he
 e

nd
 o

f t
he

 ta
bl

e.



�

Ta
bl

e 
1.

  H
is

to
ric

al
 su

m
m

ar
y 

of
 U

.S
. s

pa
ce

cr
af

t e
nv

iro
nm

en
ta

l c
on

tro
l a

nd
 li

fe
 su

pp
or

t s
ys

te
m

s (
C

on
tin

ue
d)

.
 

Su
bs

ys
te

m
M

er
cu

ry
G

em
in

i
A

po
llo

 C
M

A
po

llo
 L

M
Sk

yl
ab

O
rb

ite
r

Sp
ac

el
ab

In
te

rn
at

io
na

l  
Sp

ac
e 

St
at

io
n 

(U
.S

. S
eg

m
en

t) 

C
ab

in
 V

en
til

a-
tio

n
C

ab
in

 fa
n

C
ab

in
 fa

n
C

ab
in

 fa
ns

.

Th
e 

fa
ns

 w
er

e 
no

is
y 

so
 th

e 
cr

ew
 o

nl
y 

op
er

at
ed

 th
em

 d
ur

-
in

g 
sh

or
t s

pe
ci

fie
d 

aw
ak

e 
pe

rio
ds

 [7
]

C
ab

in
 fa

n
3 

ve
nt

ila
tio

n 
du

ct
s 

w
ith

 4
 fa

ns
 e

ac
h.

 
Ai

r d
is

tri
bu

te
d 

fro
m

 
ci

rc
ul

ar
 d

iff
us

er
s 

w
ith

 d
am

pe
rs

 
m

ou
nt

ed
 fl

us
h 

w
ith

 
th

e 
flo

or
, a

nd
 fr

om
 

re
ct

an
gu

la
r o

ut
le

ts
 

w
ith

 d
am

pe
rs

 a
nd

 
ad

ju
st

ab
le

 fl
ow

 
va

ne
s.

 3
 p

or
ta

bl
e 

fa
ns

 w
ith

 a
dj

us
ta

bl
e 

di
ffu

se
rs

.

C
ab

in
 fa

n 
w

ith
 

ve
nt

ila
tio

n 
du

ct
s.

C
ab

in
 fa

n

Ai
r v

en
ts

, o
ve

r/
un

de
r p

re
ss

ur
e-

re
lie

f v
al

ve
s.

C
ab

in
 fa

ns
, i

nt
er

m
od

-
ul

e 
ve

nt
ila

tio
n 

fa
ns

, 
an

d 
po

rta
bl

e 
lo

ca
l 

ar
ea

 v
en

til
at

io
n 

fa
ns

.

Ai
r v

en
ts

, o
ve

r/u
nd

er
 

pr
es

su
re

-re
lie

f v
al

ve
s.

Te
m

pe
ra

tu
re

 a
nd

 H
um

id
ity

 C
on

tr
ol

At
m

os
ph

er
e 

Te
m

pe
ra

tu
re

 
an

d 
H

um
id

ity
 

C
on

tro
l

Se
pa

ra
te

 s
ui

t a
nd

 
ca

bi
n 

co
nd

en
si

ng
 

he
at

 e
xc

ha
ng

er
s 

(C
H

X)
. M

ec
ha

ni
-

ca
lly

 a
ct

iv
at

ed
 

sp
on

ge
 w

at
er

 s
ep

a-
ra

to
r r

em
ov

ed
 w

at
er

 
fro

m
 th

e 
C

H
X.

 P
ilo

t 
re

gu
la

te
d 

su
it 

an
d 

ca
bi

n 
te

m
pe

ra
tu

re
 

by
 m

an
ua

lly
 a

dj
us

t-
in

g 
w

at
er

 fl
ow

 ra
te

 
th

ro
ug

h 
th

e 
su

it 
an

d 
ca

bi
n 

H
X’

s 
w

ith
 a

 
ne

ed
le

 v
al

ve
. [

5]

Se
pa

ra
te

 s
ui

t a
nd

 
ca

bi
n 

C
H

X’
s.

 W
ic

ks
 

re
m

ov
ed

 w
at

er
 

fro
m

 th
e 

C
H

X 
by

 
ca

pi
lla

ry
 a

ct
io

n.
 

M
an

ua
l t

hr
ot

tli
ng

 
of

 O
2/

C
oo

la
nt

 fl
ow

 
ra

te
 in

 s
ui

t l
oo

p 
to

 
co

nt
ro

l t
em

pe
ra

-
tu

re
. R

ed
un

da
nt

 
ca

bi
n 

co
ol

in
g 

lo
op

s 
- c

oo
la

nt
 fl

ui
d 

re
se

rv
io

r, 
lo

w
-le

ve
l 

co
ol

an
t s

en
si

ng
 

de
vi

ce
, 2

 id
en

tic
al

 
po

si
tiv

e 
di

sp
la

ce
-

m
en

t p
um

ps
 fo

r 
ea

ch
 o

f 2
 re

du
nd

an
t 

co
ol

an
t l

in
es

, a
nd

 
2 

re
ge

ne
ra

tiv
e 

he
at

 
ex

ch
an

ge
rs

. [
6]

Su
it 

C
H

X 
w

as
 

pr
im

ar
y 

m
et

ho
d 

fo
r 

ca
bi

n 
te

m
pe

ra
tu

re
 

an
d 

hu
m

id
ity

 c
on

-
tro

l. 
W

ic
ks

 re
m

ov
ed

 
w

at
er

 fr
om

 th
e 

C
H

X 
by

 c
ap

illa
ry

 a
ct

io
n.

 

El
ec

tri
ca

l h
ea

te
rs

. 
[2

0]

W
at

er
 c

irc
ul

at
ed

 
th

ro
ug

h 
pr

es
su

re
 

ga
rm

en
t a

ss
em

bl
y 

to
 c

oo
l a

st
ro

na
ut

. 
A 

ce
nt

rif
ug

al
 

w
at

er
/a

ir 
se

pa
ra

to
r 

w
as

 in
 th

e 
to

ta
l 

ai
r fl

ow
 p

at
h 

ju
st

 
do

w
ns

tre
am

 o
f t

he
 

co
nd

en
si

ng
 h

ea
t 

ex
ch

an
ge

, a
nd

 
sp

un
 th

e 
co

nd
en

-
sa

te
 a

ga
in

st
 a

 p
ito

t 
tu

be
 to

 re
m

ov
e 

it 
fro

m
 th

e 
ai

r.

AT
C

S 
w

as
 lo

ca
te

d 
in

 th
e 

ai
rlo

ck
 

m
od

ul
e.

 A
 c

om
bi

-
na

tio
n 

of
 a

ir 
du

ct
 

he
at

er
s 

an
d 

w
al

l 
he

at
er

s,
 lo

ca
te

d 
in

 o
th

er
 S

ky
la

b 
ar

ea
s,

 fo
r h

ea
tin

g.
 

Fo
ur

 C
H

X’
s,

 tw
o 

op
er

at
in

g 
at

 a
ll 

tim
es

. C
oo

la
no

l 1
5 

co
ol

an
t. 

C
en

tra
liz

ed
 c

ab
in

 
liq

ui
d/

ai
r C

H
X 

us
in

g 
w

at
er

 c
oo

l-
an

t. 
Ai

r b
yp

as
s 

ra
tio

 a
ro

un
d 

C
H

X 
ad

ju
st

ed
 to

 c
on

tro
l 

te
m

pe
ra

tu
re

. C
on

-
de

ns
at

e 
re

m
ov

ed
 

by
 s

lu
rp

er
 b

ar
 a

nd
 

ce
nt

rif
ug

al
 s

ep
a-

ra
to

r.

Si
m

ila
r t

o 
O

rb
ite

r 
de

si
gn

, b
ut

 p
ac

k-
ag

ed
 fo

r p
hy

si
ca

l 
co

ns
tra

in
ts

 a
nd

 
m

is
si

on
 re

qu
ire

-
m

en
ts

.

In
te

rn
al

 a
tm

os
ph

er
e 

co
nt

ro
l s

im
ila

r t
o 

O
rb

ite
r d

es
ig

n,
 b

ut
 

pa
ck

ag
ed

 fo
r p

hy
si

ca
l 

co
ns

tra
in

ts
 a

nd
 m

is
-

si
on

 re
qu

ire
m

en
ts

 (a
s 

pa
rt 

of
 th

e 
co

m
m

on
 

ca
bi

n 
ai

r a
ss

em
bl

y 
(C

C
AA

) i
n 

ea
ch

 m
aj

or
 

m
od

ul
e)

. [
18

] A
ir 

an
d 

w
at

er
 h

ea
t e

xc
ha

ng
-

er
s 

co
ol

 a
nd

 d
eh

u-
m

id
ify

 th
e 

in
te

rn
al

 
at

m
os

ph
er

e.

C
on

de
ns

at
e 

is
 s

to
re

d 
in

 ta
nk

s.



�

Ta
bl

e 
1.

  H
is

to
ric

al
 su

m
m

ar
y 

of
 U

.S
. s

pa
ce

cr
af

t e
nv

iro
nm

en
ta

l c
on

tro
l a

nd
 li

fe
 su

pp
or

t s
ys

te
m

s (
C

on
tin

ue
d)

.
 

Su
bs

ys
te

m
M

er
cu

ry
G

em
in

i
A

po
llo

 C
M

A
po

llo
 L

M
Sk

yl
ab

O
rb

ite
r

Sp
ac

el
ab

In
te

rn
at

io
na

l  
Sp

ac
e 

St
at

io
n 

(U
.S

. S
eg

m
en

t) 

Th
er

m
al

 
C

on
tro

l 
an

d 
H

ea
t 

R
ej

ec
tio

n

C
on

de
ns

at
e 

re
je

ct
ed

 to
 w

at
er

 
bo

ile
r f

or
 h

ea
t r

ej
ec

-
tio

n.
 

N
o 

sp
ac

e 
ra

di
at

or
s.

H
ea

t t
ra

ns
po

rt 
lo

op
 

w
ith

 M
on

sa
nt

o’
s 

M
C

S-
19

8 
(s

ilic
on

 
es

te
r) 

co
ol

an
t w

as
 

pr
im

ar
y 

m
et

ho
d 

fo
r 

he
at

 re
je

ct
io

n.
 [2

1]

Ex
te

rn
al

 ra
di

at
or

s.

W
at

er
/g

ly
co

l fl
ow

 
sy

st
em

 tr
an

sf
er

re
d 

he
at

 to
 ra

di
at

or
s 

lo
ca

te
d 

on
 th

e 
se

r-
vi

ce
 m

od
ul

e 
su

rfa
ce

 
an

d 
a 

w
at

er
 b

oi
le

r 
fo

r t
he

 e
va

po
ra

tio
n 

of
 w

at
er

 to
 s

pa
ce

 
va

cu
um

 w
ith

 a
 b

ac
k 

pr
es

su
re

 v
al

ve
 fo

r 
te

m
pe

ra
tu

re
 c

on
-

tro
l. 

[2
0]

W
at

er
 s

ub
lim

at
or

 
to

 s
pa

ce
 v

ac
uu

m
 

fo
r w

at
er

 c
oo

la
nt

 
lo

op
s 

pr
ov

id
e 

cr
ew

 
an

d 
av

io
ni

cs
 c

oo
l-

in
g.

 

M
ul

til
ay

er
 in

su
la

-
tio

n 
bl

an
ke

ts
 a

nd
 

ex
te

rn
al

 th
er

m
al

 
co

nt
ro

l c
oa

tin
gs

 
w

er
e 

us
ed

 to
 

is
ol

at
e 

st
ru

ct
ur

e 
an

d 
co

m
po

ne
nt

s 
fro

m
 th

e 
sp

ac
e 

en
vi

ro
nm

en
t a

nd
 to

 
m

in
im

iz
e 

th
e 

av
er

-
ag

e 
te

m
pe

ra
tu

re
 

ch
an

ge
. T

an
ks

 
ra

di
at

ed
 p

ar
t o

f 
th

e 
he

at
 s

to
re

d 
in

 th
em

 to
 th

e 
st

ru
ct

ur
e 

an
d 

pa
rt 

to
 th

e 
co

m
po

ne
nt

s 
to

 c
om

pe
ns

at
e 

fo
r 

he
at

 lo
ss

 th
ro

ug
h 

th
e 

in
su

la
tio

n 
bl

an
-

ke
t. 

[2
0]

R
ad

ia
to

rs
 m

ou
nt

ed
 

on
 th

e 
M

ul
tip

le
 

D
oc

ki
ng

 A
da

pt
er

 
an

d 
on

 th
e 

fo
rw

ar
d 

Ai
rlo

ck
 M

od
ul

e.

• F
re

on
 C

oo
la

nt
 

Lo
op

 p
ro

vi
de

s 
fo

r t
ra

ns
fe

r a
nd

 
tra

ns
po

rt 
of

 h
ea

t 
lo

ad
s 

to
 G

SE
, 

co
ol

in
g 

ra
di

at
or

s,
 

am
m

on
ia

 b
oi

le
r, 

an
d 

sp
ac

e 
va

cu
um

 
fla

sh
 e

va
po

ra
-

tiv
e 

he
at

 s
in

ks
. 

Fr
eo

n 
21

 s
ys

te
m

 
ta

ke
s 

he
at

 lo
ad

 o
f 

Sp
ac

el
ab

 e
qu

ip
, 

fu
el

 c
el

ls
 (3

), 
an

d 
m

id
-b

od
y 

an
d 

af
t o

rb
ite

r a
vi

on
-

ic
s.

 A
ls

o 
Fr

eo
n 

21
 a

dd
ed

 h
ea

t 
to

 A
er

os
ur

fa
ce

 
co

nt
ro

l h
yd

ra
ul

ic
s 

(o
n-

or
bi

t).
 S

SM
E 

th
ru

st
 v

ec
to

r a
nd

 
ae

ro
su

rfa
ce

 c
on

-
tro

l h
yd

ra
ul

ic
s 

is
 

co
ol

ed
 v

ia
 w

at
er

 
sp

ra
y 

bo
ile

rs
 d

ur
-

in
g 

la
un

ch
 a

nd
 

as
ce

nt
.

• S
pa

ce
la

b 
w

at
er

 
lo

op
s 

(2
-re

du
nd

an
t) 

in
te

rfa
ce

d 
w

ith
 

O
rb

ite
r F

re
on

 2
1 

lo
op

; t
he

 w
at

er
 

lo
op

 a
ls

o 
ta

ke
s 

th
e 

ca
bi

n 
an

d 
av

io
ni

cs
 

lo
ad

s 
to

 th
e 

Fr
eo

n 
21

 O
rb

ite
r l

oo
p 

vi
a 

ai
r/w

at
er

 h
ea

t 
ex

ch
an

ge
rs

.

• S
pa

ce
la

b 
Pa

l-
le

t c
oo

la
nt

 lo
op

 
(w

he
n 

us
ed

) w
as

 
a 

Fr
eo

n 
11

4 
lo

op
 

an
d 

in
te

rfa
ce

d 
w

ith
 

th
e 

O
rb

ite
r F

re
on

 
21

 lo
op

.

W
as

te
 h

ea
t i

s 
re

m
ov

ed
 in

 2
 w

ay
s,

 
th

ro
ug

h 
co

ld
 p

la
te

s 
an

d 
he

at
 e

xc
ha

ng
-

er
s,

 b
ot

h 
co

ol
ed

 b
y 

a 
ci

rc
ul

at
in

g 
aq

ue
ou

s 
so

lu
tio

n 
lo

op
. W

as
te

 
he

at
 is

 e
xc

ha
ng

ed
 a

 
se

co
nd

 ti
m

e 
to

 th
e 

ex
te

rn
al

 lo
op
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re
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• F
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 p
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 d
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 re
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 b
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 c
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 b
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ra
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 d
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 c
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er
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ry
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 c

ol
dp

la
te

s.
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Si
m

ila
r t

o 
M

er
cu

ry
.

Si
m

ila
r t

o 
M

er
cu

ry
.

H
ig

h-
em

m
ita

nc
e 

co
at

in
gs

 w
er

e 
us

ed
 o

ve
r l

ar
ge

 
po

rti
on

s 
of

 th
e 

ca
bi

n 
in

te
rio

r t
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di
st

rib
ut

e 
he

at
 

m
or

e 
un

ifo
rm

ly.
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Si
m

ila
r t

o 
M

er
cu

ry
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r c

oo
lin

g,
 c

ol
d 

pl
at

es
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ir/
liq

-
ui

d 
eq

ui
pm

en
t 

de
di

ca
te

d 
H
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s.

 
Av

io
ni

cs
 a

ir 
lo

op
 

se
pa

ra
te

 fr
om

 
ca

bi
n 

lo
op

, e
xc

ep
t 

in
 a

ft 
fli

gh
t d

ec
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• A
ir 

co
ol

in
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 c
ol

d 
pl

at
es

, l
iq

ui
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liq
ui

d 
eq

ui
pm

en
t d

ed
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ca
te
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H

X’
s.

 F
lo

w
 

co
nt

ro
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ve
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se
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ua
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ef
or
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fli

gh
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ai

r c
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la
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ig
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 c
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en
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vi
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ic
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ai
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oo
p 

w
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 s
ep

ar
at
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fro
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ca
bi
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lo

op
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• T
he

rm
al

 c
ap

ac
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to
rs
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ha

se
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ha
ng
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w
er
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r c
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at
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ed
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lin
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 c
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ed

 H
X’

s.
 

Ai
r fl
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 c
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ic
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ly.
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he

at
 g

en
er

at
or
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ar
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ta
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ed
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 c
us
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bu

ilt
 c

ol
d 

pl
at

es
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Aq
ue

ou
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co
ol

an
t, 

ci
rc

ul
at

ed
 b

y 
a 
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,0

00
-rp

m
 im

pe
lle
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th
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si

ze
 o

f a
 q

ua
rte

r, 
flo

w
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th
ro

ug
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 c
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l c
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w
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on
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re
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r c
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gi
en

e 
w

at
er

: 
M
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 c
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m
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rin

g.
Io

di
ne

 s
am

pl
er

. 
W

at
er

 s
am

pl
es

 
fix

ed
 w

ith
 a

 li
ne

ar
 

st
ar

ch
 re

ag
en

t a
nd

 
co

m
pa
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 p
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 p
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O
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in
e 
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on

ito
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O

C
 a

nd
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ic
ro
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al

 
co

un
t u

si
ng
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e 

cr
ew

 
he

al
th

 c
ar

e 
sy

st
em

 
(C

H
eC
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19
]

W
at

er
 S

to
ra

ge
 

an
d 

D
is

tri
bu

-
tio

n

O
ne

 ta
nk

 w
ith

 a
 

fle
xi

bl
e 

bl
ad

de
r. 

Sq
ue

ez
in

g 
an

 a
ir 

bu
lb

 (s
ph

yg
m

om
a-

no
m

et
er

) p
re

ss
ur

-
iz

ed
 th

e 
bl

ad
de

r t
o 

de
liv

er
 w

at
er

. T
an

k 
w

as
 fi

lle
d 

be
fo

re
 

la
un

ch
. [

3]

O
ne

 7
.3

 li
te

r t
an

k 
co

nt
ai

ni
ng

 a
 b

la
d-

de
r p

re
ss

ur
iz

ed
 w

ith
 

ox
yg

en
 to

 d
el

iv
er

 
w

at
er

. T
an

k 
w

as
 

fil
le

d 
be

fo
re

 la
un

ch
. 

W
he

n 
ta

nk
 b

ec
am

e 
em

pt
y 

it 
w

as
 re

fil
le

d 
fro

m
 re

se
rv

es
 in

 
th

e 
se

rv
ic

e 
m

od
ul

e,
 

w
hi

ch
 s

ep
ar

at
ed

 
fro

m
 th

e 
m

ai
n 

sp
ac

ec
ra

ft 
be

fo
re

 
re

en
try

.

Fu
el

 c
el

l b
yp

ro
du

ct
 

w
as

 th
e 

pr
in

ci
pl

e 
so

ur
ce

 o
f p

ot
ab

le
 

w
at

er
. B

yp
ro

du
ct

 
w

as
 ro

ut
ed

 to
 th

e 
po

ta
bl

e 
ta

nk
 o

r 
se

nt
 to

 th
e 

w
as

te
 

ta
nk

 if
 th

e 
po

ta
bl

e 
ta

nk
 w

as
 fu

ll.
 S

ilv
er

 
pa

lla
di

um
 s

ep
ar

a-
to

r r
em

ov
ed

 d
is

-
so

lv
ed

 a
nd

 fr
ee

 H
2.

 
Po

ta
bl

e 
ta

nk
 u

se
d 

a 
bl

ad
de

r p
re

ss
ur

iz
ed

 
by

 o
xy

ge
n 

to
 d

el
iv

er
 

w
at

er
.

Th
re

e 
(4

 o
n 

Ap
ol

lo
 

15
, 1

6,
 1

7)
 p

ot
ab

le
 

ta
nk

s,
 e

ac
h 

w
ith

 a
 

bl
ad

de
r p

re
ss

ur
-

iz
ed

 b
y 

ni
tro

ge
n 

to
 d

el
iv

er
 w

at
er

. 
Ta

nk
s 

w
er

e 
fil

le
d 

be
fo

re
 la

un
ch

. 
Po

ta
bl

e 
w

at
er

 w
as

 
al

so
 u

se
d 

to
 c

oo
l 

sp
ac

ec
ra

ft 
an

d 
ex

tra
ve

hi
cu

la
r 

m
ob

ilit
y 

un
its

. 

Te
n 

cy
lin

dr
ic

al
 6

00
 

lb
. c

ap
ac

ity
 s

ta
in

-
le

ss
 s

te
el

 ta
nk

s 
fit

te
d 

w
ith

 p
re

ss
ur

-
iz

ed
 s

te
el

 b
el

lo
w

s 
to

 d
el

iv
er

 th
e 

w
at

er
. 

O
ne

 2
6 

lb
. c

ap
ac

ity
 

po
rta

bl
e 

ta
nk

. T
an

ks
 

w
er

e 
fil

le
d 

be
fo

re
 

la
un

ch
. [

2]

Fo
ur

 1
68

 lb
. 

ca
pa

ci
ty

 s
ta

in
le

ss
 

st
ee

l t
an

ks
 fi

tte
d 

w
ith

 m
et

al
 b

el
lo

w
s 

pr
es

su
riz

ed
 b

y 
N

2.
 

D
rin

ki
ng

 w
at

er
 is

 
fro

m
 th

e 
fu

el
 c

el
l 

by
pr

od
uc

t.

N
ot

 a
pp

lic
ab

le
.

M
et

al
 b

el
lo

w
s 

ta
nk

 
de

si
gn

 w
ith

 s
up

pl
y 

an
d 

de
liv

er
y 

pu
m

ps
. 

W
at

er
 s

up
pl

ie
d 

to
 th

e 
di

st
rib

ut
io

n 
bu

s.
 [1

9]
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ro
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 o
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 p
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oc
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ea
ch

, F
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Ba
ct

er
ia

 c
on

tro
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de
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 o
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al

 d
is

in
fe

ct
an
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in
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 in
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pu

bl
ic

 s
up

pl
y.
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C
hl

or
in

e 
ad

de
d 

to
 

th
e 

w
at

er
 b

ef
or

e 
la

un
ch

.

C
hl

or
in

e 
at

 a
 c

on
-

ce
nt

ra
tio

n 
of

  
0.

5 
m

g/
lit

er
 m

ai
n-

ta
in

ed
 b

y 
ad

di
ng

 
(s

yr
in

ge
 in

je
ct

io
n)

 
22

 m
l o

f s
od

iu
m

 
hy

po
ch

lo
rit

e 
so

lu
-

tio
n 

ev
er

y 
24

 h
ou

rs
.

Io
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ne
 a

dd
ed

 
be

fo
re

 la
un

ch
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on

-o
rb

it 
bi

oc
id

e 
ad

di
tio
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 A

 p
re

-
fli

gh
t a

na
ly

si
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w
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 p
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fo
rm
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n 
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 c
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ld
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ll 
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lit
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du
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ch

 m
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. W

he
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th
is

 
pr

ed
ic

te
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w
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re
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he

d 
du

rin
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th
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m
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si
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 a
 b

ac
te
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fil
te

r w
as

 a
dd

ed
 

up
st
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he
 

w
at

er
 d
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pe
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Io
di

ne
 m

ai
nt

ai
ne
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be

tw
ee
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0.

5 
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6.
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lit

er
 b

y 
pe

rio
di
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ct
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30
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ta
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di
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al
 c

he
ck

 v
al

ve
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pa
ss

iv
el

y 
ad

ju
st
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io

di
ne

 c
on

ce
nt

ra
-

tio
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be
tw

ee
n 

2 
an
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6 

m
g/

l.

N
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rs

on
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FB
, O

H
, 1

96
2.
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) P
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hk

ay
ev

, I
., 

Se
re

br
ov

, A
., 

an
d 

U
l’y

an
ov

, V
.: 

“S
pe

ci
al

 F
ea

tu
re

: T
he

 M
ir 

Sp
ac

e 
St

at
io

n.
” U

.S
.S

.R
. S

pa
ce
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ife

 S
ci

en
ce

s 
D

ig
es

t, 
Is

su
e 
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, 1

98
7.
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) G

il’b
er

g,
 L

.A
.: 

“L
iv

in
g 

an
d 

W
or

ki
ng

 in
 S

pa
ce

.” 
N

AS
A 

Te
ch

ni
ca

l T
ra

ns
la

tio
n.

 N
AS

A 
TT

 F
-1

70
75

, W
as

hi
ng

to
n,

 D
C

, J
ul

y 
19

67
.

15
) V

or
on

in
, G

.I.
, G

ue
ni

n,
 A

.M
., 

an
d 

Fo
m

in
, A

.G
.: 

“P
hy

si
ol

og
ic

al
 a

nd
 H

yg
ie

ni
ca

l E
va

lu
at

io
n 

of
 L

ife
 S

up
po

rt 
Sy

st
em

s 
of

 th
e 

Vo
st

ok
 a

nd
 V

os
kh

od
 S

pa
ce

ca
rft

.” 
Bj

ur
st

ed
t, 

H
ild

in
g,

 e
d.

 P
ro

ce
ed

in
gs

 o
f t

he
 S

ec
on

d 
In

te
rn

at
io

na
l 

Sy
m

po
si

um
 o

f B
as

ic
 E

nv
iro

nm
en

ta
l P

ro
bl

em
s 

of
 M

an
 in

 S
pa

ce
, N

ew
 Y

or
k,

 S
pr

in
ge

r-V
er

la
g,

 1
96

7.
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) L
og

in
ov

, S
er

ge
i N

., 
As

so
ci

at
e 

Pr
of

es
so

r o
f t

he
 D

ep
ar

tm
en

t o
f L

ife
 S

up
po

rt 
Sy

st
em

s,
 C

ol
le

ge
 o

f C
os

m
on

au
tic

s,
 M

os
co

w
 A

vi
at

io
n 

In
st

itu
te

, L
ec

tu
re

 a
t t

he
 U

ni
ve

rs
ity

 o
f A

la
ba

m
a 

in
 H

un
ts

vi
lle

, J
un

e 
25

–2
7,

 1
99

0.
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) W
ie

la
nd

, P
.O

., 
“L

iv
in

g 
To

ge
th

er
 in

 S
pa

ce
: T

he
 D

es
ig

n 
an

d 
O

pe
ra

tio
n 

of
 th

e 
Li

fe
 S

up
po

rt 
Sy

st
em

s 
on

 th
e 

In
te

rn
at

io
na

l S
pa

ce
 S

ta
tio

n,
” N

AS
A/

TM
-1

99
8-

20
69

56
/V

ol
um

e 
II,

 J
an

ua
ry

 1
99

8.
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J.
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, R

. C
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sq
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llo

, R
. R

ey
sa

, a
nd

 G
. G

en
try

, S
AE

 2
00

2-
01

-2
49

4,
 “I

nt
er

na
tio

na
l S

pa
ce

 S
ta

tio
n 

En
vi

ro
nm

en
ta

l C
on

tro
l a

nd
 L

ife
 S

up
po

rt 
Sy

st
em

 S
ta

tu
s:

 2
00

1-
20

02
”, 

32
nd

 In
te

rn
at

io
na

l C
on

fe
re

nc
e 

on
 

En
vi

ro
nm

en
ta

l S
ys

te
m

s,
 J

ul
y 

20
02

, S
an

 A
nt

on
io

, T
X.
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) C

ar
ra

sq
ui

llo
, R

.L
., 

“S
ta

tu
s 

of
 th

e 
N

od
e 

3 
R

eg
en

er
at

iv
e 

EC
LS

S 
W

at
er

 R
ec

ov
er

y 
an

d 
O

xy
ge

n 
G

en
er

at
io

n 
Sy

st
em

s”
, S

AE
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00
3-
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-2

59
0,
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3r

d 
In

te
rn

at
io

na
l C

on
fe

re
nc

e 
on

 E
nv

iro
nm

en
ta

l S
ys

te
m

s,
 J

ul
y 

20
03

, V
an

co
uv

er
, 
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.

20
) J

SC
-0

94
23

, A
po

llo
 P

ro
gr

am
 S

um
m

ar
y 

R
ep

or
t, 

Ap
ril

 1
97

5.
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) G
em

in
i P

re
ss

 R
ef

er
en

ce
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oo
k,
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w

w
w.
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ol
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rn
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R
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.
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e 
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  H
is

to
ric

al
 su

m
m

ar
y 
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us
si

an
 sp

ac
ec

ra
ft 

en
vi

ro
nm

en
ta

l c
on

tro
l a

nd
 li

fe
 su

pp
or

t s
ys

te
m

s.
 

Su
bs

ys
te

m
Vo

st
ok

Vo
sk

ho
d

So
yu

z
Sa

ly
ut

M
ir 

In
te

rn
at

io
na

l
Sp

ac
e 

St
at

io
n

(R
us

si
an

 S
eg

m
en

t) 

A
tm

os
ph

er
e 

R
ev

ita
liz

at
io

n

C
O

2 
R

em
ov

al
C

O
2 

is
 re

m
ov

ed
 th

ro
ug

h 
re

ac
tio

n 
w

ith
 K

O
H

 in
 

th
e 

ox
yg

en
 re

ge
ne

ra
to

r 
(fo

rm
in

g 
po

ta
ss

iu
m

 c
ar

-
bo

na
te

 a
nd

 w
at

er
). 

[3
]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

 
In

 a
dd

iti
on

, L
iO

H
 b

ed
s 

ar
e 

us
ed

 to
 a

bs
or

b 
ab

ou
t 

20
%

 o
f t

he
 C

O
2.

 [1
0]

Si
m

ila
r t

o 
So

yu
z 

de
si

gn
.

Vo
zd

uk
h 

5-
be

d 
re

ge
ne

r-
ab

le
 d

ev
ic

e 
w

ith
 2

 d
es

ic
-

ca
nt

 b
ed

s 
an

d 
3 

C
O

2 
re

m
ov

al
 b

ed
s.

 C
yc

lic
 

op
er

at
io

n 
to

 re
m

ov
e 

ex
ce

ss
 m

oi
st

ur
e 

fro
m

 th
e 

ai
r b

ef
or

e 
re

m
ov

in
g 

C
O

2.
 

Li
C

l (
or

 L
iO

H
) c

an
is

te
rs

 
us

ed
 a

s 
ba

ck
up

. [
11

, 1
8]

Si
m

ila
r t

o 
M

ir.
 C

on
tro

lle
r 

up
gr

ad
ed

 fr
om

 M
ir 

to
 

au
to

m
at

ic
al

ly
 a

dj
us

t t
he

 
C

O
2 

re
m

ov
al

 ra
te

. [
17

]

G
as

 R
ec

ov
er

y
N

on
re

ge
ne

ra
tiv

e 
ch

em
i-

ca
l c

ar
tri

dg
es

 o
f p

ot
as

-
si

um
 s

up
er

 o
xi

de
 (K

O
2)

. 
KO

2 
is

 re
ac

te
d 

w
ith

 w
at

er
 

to
 p

ro
du

ce
 O

2 
an

d 
KO

H
. 

[3
]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

So
m

e 
C

O
2 

re
du

ct
io

n 
fo

r 
ex

pe
rim

en
ta

l p
ur

po
se

s,
 

bu
t m

os
t o

f t
he

 c
ol

le
ct

ed
 

C
O

2 
is

 v
ac

uu
m

 d
es

or
be

d 
ov

er
bo

ar
d.

 

C
O

2 
ve

nt
ed

 o
ve

rb
oa

rd
.

O
2 

G
en

er
at

io
n

N
on

re
ge

ne
ra

tiv
e 

ch
em

i-
ca

l c
ar

tri
dg

es
 o

f p
ot

as
-

si
um

 s
up

er
 o

xi
de

 (K
O

2)
. 

KO
2 

is
 re

ac
te

d 
w

ith
 w

at
er

 
to

 p
ro

du
ce

 O
2 

an
d 

KO
H

. 
[3

]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

W
at

er
 e

le
ct

ro
ly

si
s 

(1
2 

ce
lls

 in
 e

xp
lo

si
on

 p
ro

of
 

co
nt

ai
ne

rs
) u

si
ng

 a
 

KO
H

 e
le

ct
ro

ly
te

 fo
r O

2 
ge

ne
ra

tio
n.

 E
le

ct
ro

ly
si

s 
w

at
er

 is
 fr

om
 re

co
ve

re
d 

ur
in

e 
su

pp
le

m
en

te
d 

by
 

on
bo

ar
d 

st
or

es
. [

11
, 1

8]
 

Ba
ck

up
 is

 s
ol

id
 fu

el
 o

xy
-

ge
n 

ge
ne

ra
to

r (
SF

O
G

) 
th

at
 u

se
d 

Li
th

iu
m

 p
er

-
ch

lo
ra

te
 c

ar
tri

dg
es

 ig
ni

te
d 

by
 h

ig
h-

 te
m

pe
ra

tu
re

 
ch

ar
ge

. [
18

]

Si
m

ila
r t

o 
M

ir,
 b

ut
 w

at
er

 is
 

fro
m

 s
to

re
s 

on
ly

 (n
o 

ur
in

e 
pr

oc
es

so
r).

N
ot

e:
 N

um
be

rs
 in

 b
ra

ck
et

s 
re

fe
r t

o 
re

fe
re

nc
es

 a
t t

he
 e

nd
 o

f t
he

 ta
bl

e.
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m

ar
y 
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 R

us
si

an
 sp

ac
ec

ra
ft 

en
vi

ro
nm

en
ta

l c
on

tro
l a

nd
 li

fe
 su

pp
or

t s
ys

te
m

s (
C

on
tin

ue
d)

.
 

Su
bs

ys
te

m
Vo

st
ok

Vo
sk

ho
d

So
yu

z
Sa

ly
ut

M
ir 

In
te

rn
at

io
na

l
Sp

ac
e 

St
at

io
n

(R
us

si
an

 S
eg

m
en

t) 

Tr
ac

e 
C

on
ta

m
in

an
t 

C
on

tro
l

Ac
tiv

at
ed

 c
ha

rc
oa

l a
nd

 
fil

te
rs

. C
on

ta
m

in
an

ts
 a

ls
o 

re
m

ov
ed

 th
ro

ug
h 

re
ac

tio
n 

w
ith

 c
on

st
itu

en
ts

 in
 th

e 
ox

yg
en

 re
ge

ne
ra

to
r. 

[3
]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Ac
tiv

at
ed

 c
ha

rc
oa

l, 
hi

gh
 

ef
fic

ie
nc

y 
fib

er
gl

as
s 

fil
te

r, 
an

d 
ca

ta
ly

tic
 c

he
m

ic
al

 
ab

so
rb

en
ts

. O
xy

ge
n 

re
ge

ne
ra

to
r a

ls
o 

re
m

ov
es

 
co

nt
am

in
an

ts
. [

12
]

Fi
lte

rs
 a

nd
 re

ge
ne

ra
bl

e 
ch

ar
co

al
 b

ed
s 

an
d 

ca
ta

-
ly

tic
 o

xi
di

ze
rs

 re
m

ov
ed

 
C

O
, a

m
m

on
ia

 a
nd

 
m

et
ha

ne
. C

ha
rc

oa
l b

ed
s 

re
ge

ne
ra

te
d 

by
 v

ac
uu

m
 

fo
r 6

 h
ou

rs
 o

nc
e 

ev
er

y 
10

 
da

ys
. I

m
pu

rit
ie

s 
ve

nt
ed

. 
[1

1,
 1

8]

Si
m

ila
r t

o 
M

ir.
 A

m
bi

en
t 

te
m

pe
ra

tu
re

 c
at

al
yt

ic
 fi

lte
r 

fo
r m

et
ha

ne
 a

nd
 h

yd
ro

-
ca

rb
on

 re
m

ov
al

. N
om

in
al

 
re

ge
ne

ra
tio

n 
cy

cl
e 

ev
er

y 
20

 d
ay

s 
(th

ou
gh

 c
an

 b
e 

ev
er

y 
10

 d
ay

s)
. T

w
o 

un
its

 
op

er
at

in
g 

w
ith

 o
ne

 b
ei

ng
 

re
ge

ne
ra

te
d 

ev
er

y 
10

 
da

ys
. R

eg
en

er
at

io
n 

tim
e 

is
 4

–5
 h

ou
rs

 h
ea

tin
g 

an
d 

7–
8 

ho
ur

s 
co

ol
in

g.

A
tm

os
ph

er
e 

C
on

tr
ol

 a
nd

 S
up

pl
y

At
m

os
ph

er
e 

C
om

po
si

tio
n

Se
a-

le
ve

l a
tm

os
ph

er
e 

- O
2/

N
2 

m
ix

tu
re

 a
t 1

4.
7 

ps
i (

10
1 

kP
a)

.

Se
a-

le
ve

l a
tm

os
ph

er
e 

- O
2/

N
2 

m
ix

tu
re

 a
t 1

4.
7 

ps
i (

10
1 

kP
a)

.

Se
a-

le
ve

l a
tm

os
ph

er
e.

 
O

2/
N

2 
m

ix
tu

re
 a

t a
 to

ta
l 

pr
es

su
re

 b
et

w
ee

n 
13

.7
 

an
d 

16
.4

 p
si

 (9
4.

4 
an

d 
11

3 
kP

a)
, w

ith
 p

pO
2 

be
tw

ee
n 

2.
7 

an
d 

3.
9 

ps
i 

(1
0.

5 
an

d 
15

.2
 k

Pa
). 

Se
a-

le
ve

l a
tm

os
ph

er
e.

 
O

2/
N

2 
m

ix
tu

re
 a

t a
 to

ta
l 

pr
es

su
re

 b
et

w
ee

n 
13

.5
 

an
d 

16
 p

si
 (9

3.
1 

an
d 

11
0 

kP
a)

, w
ith

 p
pO

2 
be

tw
ee

n 
3.

0 
an

d 
3.

8 
ps

i (
20

.5
 a

nd
 

25
.9

 k
Pa

). 

Se
a-

le
ve

l a
tm

os
ph

er
e.

 
U

p 
to

 7
8%

 N
2,

 2
1-

40
%

 
O

2.
 M

ax
im

um
 p

pO
2 

is
  

6.
8 

ps
i (

46
.9

 k
Pa

). 
[1

8]

Si
m

ila
r t

o 
M

ir 
(a

nd
 

U
SO

S)
. A

ls
o 

dP
/d

t s
en

-
so

rs
. p

pO
2 

2.
82

 p
si

a 
 

(1
46

 m
m

H
g)

 to
 3

.3
5 

ps
ia

 (1
73

 m
m

H
g)

 w
ith

 a
 

co
nc

en
tra

tio
n 

of
 n

o 
m

or
e 

th
an

 2
4.

8%
. T

ot
al

 p
re

s-
su

re
 1

4.
2 

to
 1

4.
9 

ps
ia

 
(7

34
 to

 7
70

 m
m

H
g)

At
m

os
ph

er
ic

 M
on

ito
rin

g
G

as
 a

na
ly

ze
r d

et
er

m
in

ed
 

pe
rc

en
t c

om
po

si
tio

n 
of

 
ox

yg
en

 a
nd

 c
ar

bo
n 

di
ox

-
id

e 
in

 c
ab

in
 a

tm
os

ph
er

e.
 

N
o 

ot
he

r o
n-

or
bi

t a
tm

o-
sp

he
re

 m
on

ito
rin

g.
 [3

]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

 
Se

ve
ra

l g
as

 a
na

ly
ze

rs
 

di
st

rib
ut

ed
 a

ro
un

d 
th

e 
st

at
io

n.
 [1

2]

Si
m

ila
r t

o 
Sa

ly
ut

 d
es

ig
n.

 
U

se
d 

a 
ga

s 
an

al
yz

er
 th

at
 

de
te

rm
in

ed
 th

e 
pe

rc
en

t-
ag

e 
of

 O
2 

an
d 

C
O

2 
in

 
th

e 
at

m
os

ph
er

e.
 S

en
so

rs
 

al
so

 m
on

ito
re

d 
H

2,
 O

2 
an

d 
C

O
. S

en
so

rs
 h

ad
 a

 
1-

ye
ar

 li
fe

. [
18

]

R
us

si
an

 s
er

vi
ce

 m
od

ul
e 

ga
s 

an
al

yz
er

 (S
M

 G
A)

 to
 

m
on

ito
r m

aj
or

 c
on

st
itu

-
en

ts
 (O

2,
 C

O
2,

 a
nd

 H
2O

) 
in

 th
e 

FG
B 

an
d 

SM
 m

od
-

ul
es

. H
2 

is
 a

ls
o 

m
on

ito
re

d 
in

 th
e 

lif
e 

su
pp

or
t m

od
ul

e 
(L

SM
).
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.
 

Su
bs

ys
te

m
Vo

st
ok

Vo
sk

ho
d

So
yu

z
Sa

ly
ut

M
ir 

In
te

rn
at

io
na

l
Sp

ac
e 

St
at

io
n

(R
us

si
an

 S
eg

m
en

t) 

G
as

 S
to

ra
ge

O
xy

ge
n 

su
pp

ly
 s

to
re

d 
ch

em
ic

al
ly.

 E
m

er
ge

nc
y 

ta
nk

s 
of

 h
ig

h-
pr

es
-

su
re

 o
xy

ge
n 

an
d 

ai
r 

fo
r s

ui
t v

en
til

at
io

n 
an

d 
co

sm
on

au
t b

re
at

hi
ng

. 
C

os
m

on
au

t’s
 s

ui
t c

ou
ld

 
be

 p
re

ss
ur

iz
ed

 if
 th

e 
ca

bi
n 

de
pr

es
su

riz
ed

.
N

o 
ni

tro
ge

n 
st

or
ag

e.
 

C
ab

in
 h

er
m

et
ic

 s
ea

l w
as

 
de

si
gn

ed
 fo

r z
er

o 
le

ak
-

ag
e.

 [1
4]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

As
id

e 
fro

m
 th

e 
ch

em
ic

al
 

ox
yg

en
 re

ge
ne

ra
to

rs
, 

th
er

e 
w

as
 n

o 
ad

di
tio

na
l 

ga
s 

st
or

ag
e.

 C
om

pl
et

e 
re

lia
nc

e 
on

 th
e 

ca
bi

n 
he

rm
et

ic
 s

ea
l t

o 
pr

ev
en

t 
le

ak
ag

e 
an

d 
de

pr
es

su
r-

iz
at

io
n.

 [1
6]

O
xy

ge
n 

su
pp

ly
 s

to
re

d 
ch

em
ic

al
ly.

 C
yl

in
de

rs
 

of
 c

om
pr

es
se

d 
ai

r f
or

 
le

ak
ag

e 
m

ak
eu

p.
 N

o 
se

pa
ra

te
 N

2 
or

 O
2 

st
or

-
ag

e.
 [1

2]

Ba
ck

up
 o

xy
ge

n 
st

or
ed

 
ch

em
ic

al
ly

 a
s 

lit
hi

um
 p

er
-

ch
lo

ra
te

 c
om

po
un

d.
 N

2 
st

or
ed

 a
s 

a 
hi

gh
-p

re
ss

ur
e 

ga
s.

 T
w

en
ty

-tw
o 

lit
er

s 
of

 a
ir 

st
or

ed
 in

 p
re

ss
ur

e 
ve

ss
el

s 
fo

r a
tm

os
ph

er
ic

 
m

ak
eu

p.
 [1

1,
 1

8]

N
o 

N
2 

st
or

ag
e 

on
 th

e 
R

us
si

an
 s

eg
m

en
t. 

G
as

es
 

st
or

ed
 o

n 
th

e 
Pr

og
re

ss
 

re
su

pp
ly

 m
od

ul
es

: 1
80

L 
O

2 
on

 P
ro

gr
es

s,
 1

44
L 

O
2 

on
 P

ro
gr

es
s 

M
–1

.

C
ab

in
 V

en
til

at
io

n
C

ab
in

 fa
n

C
ab

in
 fa

n
C

ab
in

 fa
n

C
ab

in
 fa

ns
. C

os
m

on
au

ts
 

co
ul

d 
co

nt
ro

l a
ir 

flo
w

 
ra

te
 b

et
w

ee
n 

0.
1 

an
d 

0.
8 

m
/s

ec
. [

12
]

Fa
ns

 p
ul

l a
ir 

th
ro

ug
h 

du
ct

s 
to

 e
xc

ha
ng

e 
ai

r 
be

tw
ee

n 
m

od
ul

es
. [

15
]

Sa
m

e 
as

 M
ir.
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ft 

en
vi

ro
nm

en
ta

l c
on

tro
l a

nd
 li

fe
 su

pp
or

t s
ys

te
m

s (
C

on
tin

ue
d)

.
 

Su
bs

ys
te

m
Vo

st
ok

Vo
sk

ho
d

So
yu

z
Sa

ly
ut

M
ir 

In
te

rn
at

io
na

l
Sp

ac
e 

St
at

io
n

(R
us

si
an

 S
eg

m
en

t) 

Te
m

pe
ra

tu
re

 a
nd

 H
um

id
ity

 C
on

tr
ol

At
m

os
ph

er
e 

Te
m

pe
ra

-
tu

re
, H

um
id

ity
 C

on
tro

l 
an

d 
H

ea
t R

ej
ec

tio
n

Li
qu

id
-a

ir 
co

nd
en

si
ng

 
he

at
 e

xc
ha

ng
er

. C
on

de
n-

sa
te

 tr
ap

pe
d 

by
 p

or
ou

s 
w

ic
ks

 b
et

w
ee

n 
th

e 
he

at
 

ex
ch

an
ge

r t
ub

es
. T

em
-

pe
ra

tu
re

 a
dj

us
te

d 
by

 
au

to
m

at
ic

 re
gu

la
tio

n 
of

 
ai

r fl
ow

 ra
te

 th
ro

ug
h 

he
at

 
ex

ch
an

ge
r. 

C
os

m
on

au
t 

co
ul

d 
se

t t
em

pe
ra

tu
re

 
an

d 
hu

m
id

ity
 o

f c
ra

ft.
 

Te
m

pe
ra

tu
re

 ra
ng

e 
w

as
 

be
tw

ee
n 

12
 a

nd
 2

5°
C

, 
an

d 
re

la
tiv

e 
hu

m
id

ity
 w

as
 

be
tw

ee
n 

30
 a

nd
 7

0%
. 

H
um

id
ity

 w
as

 c
on

tro
lle

d 
pr

im
ar

ily
 b

y 
a 

de
hu

m
id

i-
fie

r c
on

ta
in

in
g 

a 
si

lic
a 

ge
l 

dr
yi

ng
 a

ge
nt

 im
pr

eg
na

te
d 

w
ith

 li
th

iu
m

 c
hl

or
id

e 
an

d 
ac

tiv
at

ed
 c

ar
bo

n.
 

D
eh

um
id

ifi
er

 o
pe

ra
te

d 
cy

cl
ic

al
ly.

 A
ir 

in
le

t t
o 

de
hu

m
id

ifi
er

 o
pe

ne
d 

af
te

r h
um

id
ity

 ro
se

 a
bo

ve
 

70
%

. A
ir 

in
le

t a
ut

om
at

i-
ca

lly
 c

lo
se

d 
w

he
n 

hu
m

id
-

ity
 re

ac
he

d 
35

 ±
 5

%
. [

13
]

Si
m

ila
r t

o 
Vo

st
ok

 d
es

ig
n.

Li
qu

id
-a

ir 
co

nd
en

si
ng

 
he

at
 e

xc
ha

ng
er

. T
em

-
pe

ra
tu

re
 a

dj
us

te
d 

by
 

au
to

m
at

ic
 re

gu
la

tio
n 

of
 

ai
r fl

ow
 ra

te
 th

ro
ug

h 
he

at
 

ex
ch

an
ge

r. 
Li

qu
id

 c
oo

la
nt

 
w

as
 a

 w
at

er
/g

ly
co

l m
ix

-
tu

re
. C

os
m

on
au

t c
ou

ld
 

se
t t

em
pe

ra
tu

re
 a

nd
 

hu
m

id
ity

 o
f c

ra
ft.

 T
em

pe
r-

at
ur

e 
ra

ng
e 

w
as

 b
et

w
ee

n 
12

 a
nd

 2
5°

C
, a

nd
 re

la
tiv

e 
hu

m
id

ity
 w

as
 b

et
w

ee
n 

30
 a

nd
 7

0%
. H

um
id

ity
 

w
as

 c
on

tro
lle

d 
pr

im
ar

ily
 

by
 th

e 
co

nd
en

si
ng

 h
ea

t 
ex

ch
an

ge
r. 

C
on

de
ns

at
e 

w
as

 tr
ap

pe
d 

by
 p

or
ou

s 
w

ic
ks

 b
et

w
ee

n 
th

e 
he

at
 

ex
ch

an
ge

r t
ub

es
. T

he
 

pr
im

ar
y 

ro
le

 o
f t

he
 c

he
m

i-
ca

l w
at

er
 a

bs
or

be
nt

s 
be

ca
m

e 
co

nt
ro

l o
f t

he
 

ox
yg

en
 p

ro
du

ct
io

n 
ra

te
 o

f 
th

e 
O

2 
re

ge
ne

ra
to

r. 
[3

]

Li
qu

id
-a

ir 
co

nd
en

si
ng

 
he

at
 e

xc
ha

ng
er

. T
em

-
pe

ra
tu

re
 c

ou
ld

 b
e 

se
t 

by
 c

os
m

on
au

t b
et

w
ee

n 
15

 a
nd

 2
5°

C
. C

oo
la

nt
 

w
as

 a
n 

an
tif

re
ez

e-
ty

pe
 

fir
ep

ro
of

 li
qu

id
. P

or
ou

s 
w

ic
ks

 tr
ap

pe
d 

m
oi

st
ur

e 
be

tw
ee

n 
tu

be
s 

of
 th

e 
he

at
 e

xc
ha

ng
er

. C
on

-
de

ns
at

e 
w

as
 c

ol
le

ct
ed

 
in

 a
 m

oi
st

ur
e 

tra
p 

an
d 

pe
rio

di
ca

lly
 p

um
pe

d 
ou

t 
m

an
ua

lly
 b

y 
th

e 
co

sm
o-

na
ut

s.
 [1

4]

Th
e 

ac
tiv

e 
th

er
m

al
 

co
nt

ro
l (

AT
C

) s
ys

te
m

 in
 

th
e 

Kv
an

t M
od

ul
e 

ha
d 

on
ly

 o
ne

 lo
op

. T
he

 K
va

nt
 

M
od

ul
e’

s 
th

er
m

al
 lo

op
 

w
as

 d
es

ig
ne

d 
to

 b
e 

co
n-

ne
ct

ed
 to

 e
ith

er
 o

f t
he

 
M

ir 
C

or
e’

s 
2 

AT
C

 lo
op

s 
if 

ne
ed

 b
e.

 

Ex
te

rn
al

 ra
di

at
or

s.

Li
qu

id
-a

ir 
co

nd
en

si
ng

 
he

at
 e

xc
ha

ng
er

. T
w

o 
in

te
rn

al
 th

er
m

al
 c

on
tro

l 
lo

op
s 

ch
ar

ge
d 

w
ith

 T
em

p 
(a

lc
oh

ol
 [e

th
yl

en
e 

gl
yc

ol
 

[1
7]

] a
nd

 w
at

er
 m

ix
tu

re
) 

co
ol

an
t -

 a
 c

oo
lin

g 
lo

op
 

an
d 

a 
he

at
in

g 
lo

op
. A

 
re

du
nd

an
t p

ip
in

g 
sy

st
em

 
is

 in
cl

ud
ed

 w
ith

 e
ac

h 
lo

op
. L

oo
p 

te
m

pe
ra

tu
re

 is
 

co
nt

ro
lle

d 
au

to
m

at
ic

al
ly.

 
N

o 
la

rg
e-

su
rfa

ce
 a

re
as

 
th

er
m

al
 ra

di
at

or
s 

w
ith

 a
 

flu
id

 in
te

rfa
ce

. [
11

, 1
8]

Tw
o 

re
du

nd
an

t i
nt

er
na

l 
th

er
m

al
 lo

op
s 

ar
e 

fil
le

d 
w

ith
 T

rio
l, 

w
at

er
 w

ith
 a

 
30

 p
er

ce
nt

 s
ol

ut
io

n 
of

 
gl

yc
er

in
, w

hi
ch

 lo
w

er
s 

th
e 

fre
ez

in
g 

po
in

t t
o 

–7
°C

. 
Tr

io
l a

ls
o 

co
nt

ai
ns

 
an

tif
re

ez
e,

 b
io

ci
de

, a
nd

 
ul

tra
vi

ol
et

-li
gh

t-s
en

si
tiv

e 
ad

di
tiv

es
 to

 a
id

 in
 le

ak
 

de
te

ct
io

n.
 In

te
rn

al
 lo

op
s 

ar
e 

co
ns

id
er

ed
 c

oo
lin

g 
lo

op
s.

 T
w

o 
re

du
nd

an
t 

ex
te

rn
al

 th
er

m
al

 lo
op

s 
ar

e 
fil

le
d 

w
ith

 p
ol

ym
et

hy
l 

si
lo

xa
ne

. E
xt

er
na

l t
he

r-
m

al
 lo

op
s 

in
te

rfa
ce

 w
ith

 
in

te
rn

al
 lo

op
s.

 E
xt

er
na

l 
th

er
m

al
 lo

op
s 

ar
e 

ca
lle

d 
he

at
in

g 
lo

op
s.

 T
he

se
 

lo
op

s 
in

te
rfa

ce
 w

ith
 th

e 
bo

dy
-m

ou
nt

ed
 ra

di
at

or
s 

w
hi

ch
 c

on
ta

in
 a

m
m

on
ia

 
he

at
 p

ip
es

.
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.
 

Su
bs

ys
te

m
Vo

st
ok

Vo
sk

ho
d

So
yu

z
Sa

ly
ut

M
ir 

In
te

rn
at

io
na

l
Sp

ac
e 

St
at

io
n

(R
us

si
an

 S
eg

m
en

t) 

Eq
ui

pm
en

t C
oo

lin
g

**
**

**
**

Av
io

ni
cs

 is
 c

oo
le

d 
by

 
he

at
 e

xc
ha

ng
er

s 
an

d 
by

 
ai

r p
ul

le
d 

fro
m

 th
e 

ca
bi

n.
 

Ea
ch

 m
et

ho
d 

pr
ov

id
es

 
ab

ou
t 5

0%
 o

f t
he

 c
oo

l-
in

g.
 A

 c
on

de
ns

at
or

, w
ith

 
fre

on
 a

s 
th

e 
w

or
ki

ng
 fl

ui
d,

 
re

m
ov

es
 m

oi
st

ur
e 

th
at

 
co

nd
en

se
s 

on
 th

e 
eq

ui
p-

m
en

t. 
[1

1,
 1

8]

Th
er

m
al

 lo
op

s 
fro

m
 th

e 
va

rio
us

 R
us

si
an

 m
od

ul
es

 
ar

e 
co

nn
ec

te
d 

to
 th

e 
sc

ie
nc

e 
po

w
er

 p
la

tfo
rm

 
(S

PP
) c

en
tra

l h
ea

t 
re

je
ct

io
n 

sy
st

em
. T

hi
s 

in
cr

ea
se

s 
th

e 
he

at
 re

je
c-

tio
n 

ca
pa

bi
lit

y 
du

e 
to

 th
e 

in
te

gr
at

ed
 la

rg
e 

ra
di

at
or

s.
 

Ba
tte

rie
s 

ar
e 

ai
r c

oo
le

d 
on

ly.
 

W
at

er
 R

ec
ov

er
y 

an
d 

M
an

ag
em

en
t

W
at

er
 S

up
pl

y 
Q

ua
lit

y
Po

ta
bl

e 
on

ly.
Po

ta
bl

e 
on

ly.
Po

ta
bl

e 
on

ly.
Po

ta
bl

e 
on

ly.
Po

ta
bl

e,
 h

yg
ie

ne
, a

nd
 

el
ec

tro
ly

si
s 

gr
ad

e.
 [1

1]
Si

m
ila

r t
o 

M
ir.

W
at

er
 P

ro
ce

ss
in

g
N

on
e

N
on

e
N

on
e

Sa
ly

ut
 6

,7
 - 

Po
ta

bl
e 

w
at

er
 is

 re
co

ve
re

d 
fro

m
 

co
nd

en
sa

te
. W

as
te

 w
at

er
 

is
 p

um
pe

d 
in

to
 s

to
ra

ge
 

co
lu

m
ns

 c
on

ta
in

in
g 

io
n 

ex
ch

an
ge

 re
si

ns
 a

nd
 a

ct
i-

va
te

d 
ch

ar
co

al
, t

he
n 

se
nt

 
th

ro
ug

h 
fil

te
rs

 c
on

ta
in

in
g 

fra
gm

en
te

d 
do

lo
m

ite
, 

ar
tifi

ci
al

 s
ilic

at
es

, a
nd

 
sa

lt.
 M

in
er

al
s 

ar
e 

th
en

 
ad

de
d,

 in
cl

ud
in

g 
ca

lc
iu

m
, 

m
ag

ne
si

um
, b

ic
ar

bo
na

te
, 

ch
lo

rid
e,

 a
nd

 s
ul

fa
te

. [
12

]

1.
 C

on
de

ns
at

e 
re

co
ve

re
d 

by
 th

e 
sa

m
e 

pr
oc

es
s 

us
ed

 o
n 

Sa
ly

ut
 6

, 7
 a

nd
 

de
liv

er
ed

 to
 th

e 
w

at
er

 
pr

oc
es

so
r.

2.
 W

at
er

 p
ro

ce
ss

or
 re

co
v-

er
ed

 h
yg

ie
ne

/k
itc

he
n 

w
at

er
, f

or
 h

yg
ie

ne
 u

se
 

on
ly,

 b
y 

a 
sy

st
em

 o
f 

fil
te

rs
 (c

on
ta

in
in

g 
fra

g-
m

en
te

d 
do

lo
m

ite
, a

rti
fic

ia
l 

si
lic

at
es

 a
nd

 s
al

ts
), 

ac
ti-

va
te

d 
ch

ar
co

al
 a

nd
 io

n 
ex

ch
an

ge
 re

si
ns

. M
in

er
-

al
s 

(c
al

ci
um

, m
ag

ne
si

um
, 

bi
ca

rb
on

at
e,

 c
hl

or
id

e 
an

d 
su

lfa
te

) w
er

e 
th

en
 a

dd
ed

. 
C

ou
ld

 re
co

ve
r 2

1 
lit

er
s 

of
 

w
at

er
 a

t o
ne

 ti
m

e.
3.

 E
le

ct
ro

ly
si

s 
w

at
er

 
re

co
ve

re
d 

fro
m

 u
rin

e 
by

 
va

po
r d

iff
us

io
n 

di
st

illa
tio

n.
 

C
ou

ld
 g

en
er

at
e 

5.
4 

lit
er

s/
da

y.
 [1

1,
 1

8]

Si
m

ila
r t

o 
M

ir,
 b

ut
 w

ith
ou

t 
re

co
ve

ry
 o

f w
at

er
 fr

om
 

ur
in

e.
 A

ls
o,

 c
on

de
ns

at
e 

co
lle

ct
ed

 in
 th

e 
U

SO
S 

ca
n 

be
 p

ro
ce

ss
ed

 
th

ro
ug

h 
th

e 
R

us
si

an
 

w
at

er
 p

ro
ce

ss
or

 (S
R

VK
) 

w
ith

 th
e 

ai
d 

of
 th

e 
co

n-
de

ns
at

e 
fe

ed
 u

ni
t (

C
FU

).
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z
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M
ir 
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na

l
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e 
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(R
us

si
an

 S
eg

m
en

t) 

W
at

er
 M

on
ito

rin
g

**
**

**
**

M
ea

su
re

m
en

ts
 ta

ke
n 

by
 

w
at

er
 a

na
ly

ze
rs

 in
cl

ud
e 

pH
 a

nd
 s

al
in

ity
. [

11
]

C
on

du
ct

iv
ity

 m
on

ito
r. 

Sa
m

pl
es

 c
ol

le
ct

ed
 fo

r 
ch

em
ic

al
 a

nd
 m

ic
ro

bi
al

 
an

al
ys

es
.

W
at

er
 S

to
ra

ge
 a

nd
 D

is
-

tri
bu

tio
n

W
at

er
 h

el
d 

in
 a

 c
on

ta
in

er
 

m
ad

e 
of

 tw
o 

la
ye

rs
 o

f 
el
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