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ABSTRACT

An engineering evaluation was conducted to select an optimum
waste management system for collection, storage, and/or dlsposal
of feces and urine in a space station under welightless conditions.
Based on this study, a detailed design of an optimum waste manage-
ment system was prepared for a T-man, 15-day mission. Tests per-
formed on a breadboard model of the feces collector demonstrated
the feasibllity of the selected approach.
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SECTION 1
INTRODUCTION

This study encompasses the development of technliques and the
deslgn of equipment for an optimum waste management system to be
used on aerospace stations. It covers the engineering analysis,
development of design criteria, and a description of the optimum
syatem as developed; and 1s based on research conducted in two
‘phases, as follows:

The first phase conslsted of an engineering evaluation of
applicable methods for handling human wastes (feces and urine)
under space statlon conditions. This evaluation was based on a
comprehensive dlscussion of various techniques and equlpment. A
description of an optimum waste management system was chosen as
a result of the engineering evaluation.

The second phase consisted of the development of design cri-
teria for an optimum waste management system, and the preparation
of layouts, drawings, calculations, and other data necessary to
fabricate an engineering model of the system.



SECTION 2
DESTIGN REQUIREMENTS

In general, designh requirements are as follows:

1.

2.

The system shall accommodate from 6 to 21 crew members
on missions from 14 to 30 days.

The system shall be operable under welghtless and artl-
ficial gravity conditions.

The system shall be operable under these environmental
conditions:

Cabin Pressure 7.35 to 12 psia
Temperature Range 60° to T5OF
Humidlity Levels 30 to 80% Relative

All equipment shall withstand impacts of 25 g axial and
10 g lateral (referred to vehicle axes) and shall be
constructed of nontoxle and noncorrosive materials.

Except for power, the system shall not be dependent
upon other systems of the aerospace station.

The system, where practical, shall satisfy all needs
of the user relating to the collection, transfer,
storage, treatment, and/or disposal of feces and urine.
Simplicity of operatlion and maintenance, and minimum
welght, bulk, and power requirements are prime
requlsites,.



SECTION 3
METHOD OF APPROACH

BASIC CONSIDERATIONS

The operation of a body-waste-handling system in an aercspace
statlon will be conducted under "shirt sleeve" conditions, assum-
ing that the crew members will remove their space sults shortly
after arrival from earth.

In consldering a system to handle the collection, transfer,
storage, treatment, and/or dilsposal of urine and feces, a large
number of process and equipment combinatlions are possible. How-
ever, the controlling factor in any such system is the method
used for treating the fecal waste. This factor is critical from
the points of view of minimum system welght and technical problems
Involved. The study, therefore, is initially directed towards
methods of storing or treating fecal waste, with and without urine.

In all systems studied, urine is collected zeparately by the
use of plastic urinals and then transferred to a storage tank
having a one-day capacity for the crew size under consideration.
A1l systems have a common welght and volume penalty factor for
collection and storage of urine.

The engineering evaluation 1s limited to those systems for
which prototype apparatus has been built or for which sufflcient
information is available for an evaluation.

Because crew size wlll vary in number from 6 to 21 men, it
is assumed that living quarters for 6 or 7 men will be contailned
in one module, and quarters for 21 men wlll be contained 1n three
modules. This is based on a hexagonal (or similar module) con-
flguration of an orbiting space station (see Ref. 16).

TECHNICAL CONSIDERATIONS

Based on desgign requlrements, the engineering evaluation
covered in this report was prepared on the following factors:

1. Except for power, each system studled i1s independent of
other subsystems of the space station.

?. FEach system studied is rated quantitatively in regafd to:

(a) Total weight (ineluding penalties for power and
heat rejection and cabin air loss)

(b) Volume (bulk)



Each system studled 1s rated qualitatively in regard to:
(a) Reliability, safety, and simplicity

b Degree of cabin air contamination

)
c) Crew acceptance (psychological factors)

(
(
(d) Operating, tranafer, and maintenance requirements
(e) Operability in O-g and low-g flelds

(

f) Adaptability to urine-water recovery

Each system studied is confined to collection, transfer,
storage, treatment, and/or disposal of feces and urine.
Recovery syastems per se are not compared.

Water recovery from feces is not Justified for a 30-day
missicn.

The power source consglists of solar cells. A welight
penalty of 300 1b/kw for power and 0.01 1b/Btu/hr for
heat rejection has been adopted for this study.

Any material voided to space must be sterile.

Average waste productlon/man/day is consildered to be
1500 gm urine contalning 5% dry solids, and 150 gm raw
feces with 25% dry solids. Ignition residues or ash
are 30% of dry-sollds welght for urine, and 25% of dry-
sollids welght for feces.



SECTION 4
PROCESS STUDY

GENERAL

A study of the current literature concerned wlth the collec-
tion, transfer, storage, treatment, and/or disposal of urine and
feces 1n a space vehicle was made. Subsequently, the followlng
processes were selected for consideration:

1. Mixed urine and feces - freeze dried

2. Mixed urine and feces - freeze stored

3. Mixed urine and feces - blodegradation

4, Mixed urine and feces - vacuum distilled with vapor
pyrolyais

5. Mixed urine and feces - heat sterilized or disinfected
and stored

. Mixed urine and feces steriliized and vented

6

7. Heces collected in bags - sealed storage in cans

8. TFeces collected 1n bags - 1ncinerated

9. Feces comblned collection and storage - partial drying
by space vacuum

Of these processes, actual prototype apparatus hag been
built for processes 1, 4, 7 and 8, Process 9 was concelved at
General Dynamics/Electric Boat where laboratory experiments were
conducted to prove its feasibility. Processes 2, 3, 4, 5, and 6
will be discussed qualitatively and are dismisged from further
consideration for the reasons stated. Processes 1, 7, 8, and ©
will be compared quantitatively.

PROCESS DISCUSSION - QUALITATIVE

Freeze Storage of Mixed Waste

The mixed wastes {urine and feces} can be stored at 20°F
wilthout decomposition, by removing heat from the mixed wastes by
radiation to space or by mechanical refrigeration provided on
board the aerospace station., Zeff et al (Ref. 32) considered
this method to be impractical because: (a) the radiation panel
for heat rejection to space would be quite large, (b) the radia-
tion panel would have to be constantly oriented away from the sun,
(e) the bulk storage would become lnordinately large for the long
missions, and (d) speclal mixing devices would be necessary to
ensure complete mixing of urine and feces under zero-gravity



conditions, Other reasons for rejecting this method are: (a) the
large storage volume required (in excess of 12 cubic feet and 36
cubic feet for the 7-man crew and 2l-man crew, respectively, on

a 30-day mission); (b) space radiation freezing has not as yet
been simulated, and freezling by mechanlcal refrigeration would
require power and heat rejection that would add weight penalties;
and {c) thils system would not allow recovery of water from urine.

Blodegradation - Mixed Urine and Feces

TInsight to the problems involved 1in using blological waste
treatment methods 1n space can be obtalned by examining conven-
tional practice. In conventional waste treatment, sewage is
highly heterogeneous and dilute., It is treated blologically
because blological processes are economical. The primary objec-
tive 1s to transform sewage to nonobjectionable solids, liquids,
and gases at minimum cost and in minimum time. Liquids from the
process are disposed of in bodles of water, and gaseous by-products
are eventually released to the atmosphere. Solid by-products are’
either burled, used as fertilizer, or barged to sea.

In a space station, wastes will be more homogeneous and con-
centrated, and will have to be treated under gevere weight, power,
and volume restrictlons. In the discussions that follow, biolog-
ical waste treatment is evaluated for use in a space station.
Particular reference is made to the work of Chapman (Ref. 2) and
Ingram (Ref. 7).

Minimum Englneering Requilrements

Conventional sewage plants are designed on the basis of maxi-
mum sewage flow and concentration. Actual sewage flow and concen-
tratlon varies greatly. Difficulties attributed to biological
agpects of the activated sludge process are often sewage-plant
design problems, such as poor control over sewage flow and con-
centration. 8Since the quantlty and composition of wastes in a
space statlon will be more uniform, this design problem should
be simplified.

In the biological treatment of concentrated wastes, suffi-
clent data concerning loading rate, detention time, and degree of
digestion under contlnuous-operating condiftions are not avallable
for precise desgign caleulations. These factors are important
because they determine material balances of the process and the
gize of the treatment plant required. Nevertheless, minimum engi-
neering requirements can be glven, basged on known reguirements.

In terms of hardware, a blending device is required to dis-
perse and blend feces since bacteria will rapidly degrade soluble
and finely dispersed matter only. The process will also require
waste gtorage facilities for treatment of wastes that are reason-
ably uniform in composlition and concentration. - Thus, a minimum
of two tanks are requlred for alternate use as a storage system
and as a feed system.



A pump is required for feeding the waste to the activated
gludge system at some fixed rate. The actlivated sludge system
requires a minimum of one tank with components for providing gas-
liguid contact, gas-liquid separation, and ligquid-solid separation,
Instrumentation must alsc be provided for contrelling and moni-
toring the process, Additional components are required for
adsorbing carbon dioxide, adsorbing gases when storage tanks are
vented, and heat rejection. Eguipment may also be required for
filtration and for drying of solids.

Power will be consumed for blending, pumping, gas-liquid con-
tact, gas-liquid separation, liquid-solid separation, instrumenta-
tion, and heat rejection.

Material Balances of Activated Sludge Treatment

On the basis of 1500 gm of urine and 150 gm of feces/man/day,
the waste breakdown given in Table I can be used for evaluating
bioclogical waste treatment.

TARLE T
ORGANIC AND MINERAL MATTER IN FECES AND URINE

Basis: gm/man/day

—H0 1537.5

1650—J Organic 25
___Suspended 37.5
Solids
Mineral 12.5
| _Total 112.5—
Solids
Organic 50
| Soluble
Solids & _
Mineral 25




This waste can be processed on a continuocus basis with a
material balance as shown schematically below:

Basis: gm/man/day

Organic {degradable) 60| Activated | Carbon dioxide 51
Oxygen Lo Sludge Water 21
_—
(standing | Bacterial cells 30
Crop)

Organic({nondegradable) 15 30 Organic (nondegradable)ls
Minerals 37.5 Minerals 37.5
Water 1,537.5 Water 1,537.5
Total 1,692 1,602

Net Result of process:
1. 30 gm of organic solids converted to CO2 and water
2. 30 gm of organic solids converted to bacterial cells
3. 42 gm of oxygen consumed

The following assumptions were made in deriving the material
balance. (There is little experimental data to support assump-
tions 1 and 2.)

1. Human organic wastes are degradable microblologically
without dilution with water.

2. The wastes are degraded continuously with a standing
culture of 30 gm of actlivated sludge and a processing
rate of 1650 gm of waste/man/day.

3. 8ixty gm of the organic matter are degradable within a
reagcnable time period; 15 gm are not.

4. The bacteria respire with an efficilency of 50%; thus, 30
gm of cells are generated and 30 gm of organic matter
are utilized for energy.

5. The production of 1 gm of bacterial cells requires 1.4
gm of 02.



6. The respiratory quotient¥* of the sludge culture is 0.9.

T. The bacterial mass 18 not easily reduced. (A maximum
reduction in mass of about 1% per hour can be expected
by endogenous resplration.}

The material balance shows that:

1. A reduction in waste organic solids of about 40% can be
expected, at bept, by the activated sludge process.

2. Nondegradable organic solids will accumulate if not con-
tinually removed from the system.

3. The process will produce 51 gm of 002 and 21 gm H

0, and
consume 42 gm O_/man/day.

2

Reliability

The reliability of an activated sludge procegg is dependent
upon "steady-state" growth of microorganisms, Steady-state
growth, in turn, 1s dependent on genetic integrity and a rela-
tively constant physical and chemical envirorment. This pre-
supposes a constant feed rate of wastes that are uniform in
composiltion.

The effect of genetic muftations would be minimal in a con-
tinuous process with a mixed flora. Since the process ig not
dependent on any cone species, mutants developing more stringent
requirements will be overgrown by species growing more rapidly
and the mutants wlll be washed from the system. A continuous
procesg, 1n fact, willl favor microorganisms that can most effec-
tively subsist on the waste.

Bacteriophage concelvably could be a problem to reliability,
as sewage l1s commonly used as a source of bacterial viruses. The
mlxed flora of activated sludge reduces the probability of process
failure, however. A vliral atfack on a key species involved in
waste degradation could affect degradation for a period of time
untlil phage resistance was established. It 1s more likely that
other specles competing for similar substrates would quickly
supersede the phage-infected speciles.

Biological waste treatment is considered unsuitable for the
mission under study for the following reasons:

1. The process does not eliminate the need for other sub-
systems; water must still be recovered and sollds must
still be disposed of at the conclusion of processing.

2. The by-products (COp, water, and bacterial cells) are
not required for this mlission.

*mol 0, produced / mol 0, consumed



3. The process can stabilize only 40% of the organic waste
during a reasonable time period.

4, The process imposes additional weight, volume, and power
requirements and introcduces problems in gas-liguid con-
tacting, gas-liquid separation, and solid-liquid separa-
tlon under zero-gravity conditions. These problems have
no easy solutlon, nor has hardware been developed to
accomplish thilis on a small scale.

5. The process is relatively inflexible and time-dependent.

6. The state-of-the-art in the bilologlcal treatment of con-
centrated waste is rudimentary.

Digpogal of Mixed Wastes by Vacuum Distillation With Vapor
Pyrolysis

In this method, urline and feces are collected separately,
blended, and fed to a still. The vapors are mixed with cabin air
and passed over a catalytic bed at 1000°C. Reynolds and Konikoff
(Ref. 20) and Konikoff and Okamoto (Ref. 9) developed and tested
an apparatus to perform this operation. This unit has been suc-
cessfully ground tested and has produced potable water and a dry
residue, with approximately 90% water recovery. Unfortunately,
these investigations did not give weight and size relationships.

A calculation of the energy required to process the average urinary
output of 1 man/day, based on the rate of 120 ml of water vapor/
hr over a 12-hr period and the method used by Konikoff and Okamoto,
gave 3700 Btu or 308 Btu/hr/man., For a 7-man unit this would
require 2150 Btu/hr or 0.62 kw of power (weight penalty = 186 1b),

The disadvantages of the system are equipment weight, power
penalty, heat-rejection penalty, weight of additional equipment
to provide mixing and blending under welghtless conditions, mesay
transfer operations, cabin alir loss if vented to space, or CO
contamination 1f vented to cabin. Thls system 1s more applicable
to longer missions where water recovery 1s essential.

Sterilization and Storage of Mixed Wastes

7eff et al. (Ref. 31) discussed separate collection of feces
and urine and combined storage under sterile condltions., Steri-
lization prevents the decomposition of wastes that would present
problems of odor removal and cabln air contamination.

Two methods of sterllization have been considered, physical
and chemical. 1In elther method, large storage vessels and com-
plicated equipment are necessary for operation under weilghtless
conditions.

Physical Sterilization

Wet heat was consldered as a possible method of waste steri-
lization by Roth et al. (Ref. 21). Waste sterilization by wet

10



heat (steam) 1s technically feasible, because all living systems
are destroyed if the waste i1g uniformly maintained at 121°C for
30 minutes. The advantages of wet-heat sterilizatlon are:

1. No consumable chemicals are needed.

2. Accldental contamination of cabin atmosphere by chemicals
is avoilded.

3. The treated waste has no residual toxicity.
The disadvantages are:

1. The process Involves heat and requires speclal contalners
with means for containing or disposing vented gases and
water vapor. If gases are vented, chamber pressure must
be at least 30 psla to reach the necessary temperature.
If gases are not vented, chamber pressure will be con-
siderably higher. A minimum storage volume of 12 cubic
feet 1s required for a 7-man, 30-day mission.

2. Power fallure leaves no means for treatment or disposal
of waste.

3. Uniform distribution of heat In the absence of gravity
requires an elaborate mixing or stirring device.

Chemical Sterilization

Chemlcal sterllization of waste is technically feagible for
the following reasons:

1. Feces treated with ethylene oxide gas (15%) was regarded
as sterile by Sandage (Ref. 22).

2., Agar contaminated with fungus spores and bacteria was
sterilized by propylene oxide (5%). (See Thompson and
Gerdemann, Ref. 25.)

The advantages of chemlcal sterilizatlon are:

1. No power required {(excluding mixing).

?. No pressure hazard.

3. DBResidual toxlclty prevents growth of microorganisms 1ln
event of accldental recontamination of treated waste.

The disadvantages of chemical sterilization depend on the
type of chemlcal sterilant selected. However, by selectling the
proper chemical sterllant there i1s 1little likelilihood of human
toxiclty or atmospheric contamination.

Oxldes of ethylene and propylene are toxic to man, and they

are explesive. They requlre bulk storage and also need specilal
chambers for sterilization. When the gas 1s removed, the waste

11



has no residual toxicity to microorganlisms. Many chemicals are
effective sterllants under special conditions, such as in the
absence of resistant forms (gpores), resistant species, or in the
absence of certaln substances such as organle matter, soap, or
‘other chemicals which inactivate the sterilant. Thus, some bac-
terial spores are not killed by mercurials or alcchols. Some
bacterial species or isolates are resistant to alkyldimethylbengzyl
ammonium chloride; this compound and related compounds are lnacti-
vated by scap. The bis-phenols are lnactivated by organic matter.
(See Reddish, Ref. 19.)

Both physical and chemlcal methods of sterilization for stor-
age of mixed wastes are technically feasible, bul they are not
considered practlcable because of high volume requlrements, weight
penalties for power or storage of chemilcals, transfer problems,
and mixing of wastes in weightless conditions.

'Sterilization of Mixed Wastes and Venting to Space

Another concept considered was the collection of mixed wastes
on & dally basis and dumping to space after sterilization. Either
wet (steam) sterilization or chemical disinfection could be used
for this purpose. The same problems of mixing and sterilizing
under welghtless conditions willl be present, but the volume will
be considerably less.

There is no general agreement as to the concept of sterility,
ghort of chemlcal decomposition. One crilterion appllcable to the
question of sterility of waste vented to space is that the fotal
biotliec contribution from waste dlsposal be no more than the bilotic
contribution from other sources. (See Jaffe, Ref 8.) This cri-
terion can be satisfled by rilgorous microbiologlcal assay of both
sources.

It is assumed that microorganisms are carried into space by
nearly every space vehlcle launched. Additlonal microorganisms
are added to space by space vehicle components (solar panels,
balloons, ete.) which unfold or deploy after the vehlcle leaves
the earth's atmosphere, and other microorganisms can be releagsed
into space by acecidental puncture (meteorite) or rupture of space
vehicles. It 1s also possible that microorganisms have been
carried beyond the earth's atmosphere through thelr own inertia
after belng accelerated upward by air currents caused by nuclear
explosions or weather condltions.

A possible source of nonsterility of vented waste 1s one of
treatment variability. It is well known that sterllization proec-
easses on earth sometimes fail due to human error or natural vari-
ability of materials. A second cause for incomplete sterilization
.is that the process 1is usually carried out near the minimum effec-
tive level for reasons of economy or for preservatlion of substances.
For space application, the treatment used would be in excess of
established minimum effective levels, Although In a laboratory
test, the toxicant is removed to determine death versus inhibition
of organisms; in space practice, the toxic residue would remain
present indefinitely.

12



0f the two methods, chemlcal sterilization appears wore
feasible because no power is required for heating and no special
presaure designed equipment 1s necessary. Of all the methods of
treatment, chemical disinfection and venting to space have the
least weight, power, and volume penalties. At the present state
of space station technology; however, the venting of sterile
mixed wastes may be considered inadvisable because:

1. Intimate mixing is required to ensure sterility.

2, The ejection of mass with veloeity will infroduce effects
on the guldance and speed of the vehicle,

3. Solids, especially ionizable galts, may set up ionized
fields in space that will interfere with communication.

L, With daily ejection of wastes to space, some cabin air
will be lost. N

5. The waste must be very finely divided so that particles
willl not act the zame ag micrometeorites and penetrate
the space vehlele on successive orbits.

6. There i1s no possibility of water recovery.

PROCESS DISCUSSION - QUANTITATIVE

Freeze Drying of Mixed Wastes

This process is described by Zeff et al, Ref. 32). Their work
included building and tegting a prototype vacuun freeze-dry unit
for mixed wastes. The wastes consisted of used filters, food
tubes, wipes, feces, and urine. The apparatus consisted of an
insulated aluminum sphere with a removable, hinged door and seal,
with bulilt in filter and filter cartridge on the vapor line for
removal of bacteria. The vessgel was charged once a day with solid
wastes. The dally accumulation of urine was then introduced over
a l2-hour pericd. The vegssel was evacuated before urine was fed
in, The water in the urine evaporated, remcving heat and freezing
the solids and remaining water. The ice wag gradually sublimed
and the contents actually freeze dried. The value of the bulk
density of the waste mass was calculated as 10 ce/gm and found to
be 11 cc/gm by experiment.

A set of calculations was made using the method of Zeff et al.
{Ref, 32) modified for feces, bags, tissue, and urine only. The
caleculated specific volume of the dried wastes was reduced to &
ce/gm, because no exbraneous waste was included. Based on 1500 gm
of urine, 150 gm of feces, and 50 gm of fecal bags/man/day (the
1700 gm is 1530 gm water and 17C gm solids), the volume required
to store freeze-dried solids was computed as follows:

Asguming that all water is vaporized daily, the volume
required for any mission in terms of man-days is:

V = (1530 + 170 vSmM

13



where:
V is volume 1n cc, VS ig bulk density of solids in

cc/gm, D is the length of mission in days, and M is
the crew size.

From this relationship 1% can be readily seen that the primary
factor affecting the storage volume 1is crew size, and the secondary
factor is length of mission.

Based on these computations, a welght-and-volume penalty
analysis was made as given in Table II. Weight penalties are also
shown graphically in Figure 1 for crews of 6, 7, and 2?1 men, and
missions from 14 to 30 days. For sample calculations, see Appendix
I, pp 56-58.

Tneineration of Feces

This process was described by Nucclo et al. (Ref., 17) and
deals with the disposal of feces (collected and bagged) and other
g0lid wastes by thermal decomposition and inecineration. From this
report, it was concluded that: inclneration with cabin air or
oxygen with ventlng of vapors to space is better than thermal
decomposition because, in inclneration, the products of combustilon
are water vapor, carbon dioxide, and nitrogen; whereas in thermal
decomposition, thermal cracking of the hydrocarbon material to
carbon and hydrogen is not complete and tarry vapors tend to con-
dense and sftop up vents,.

In inclneration with stolichiometric quantities of oxygen or
air, combustion is not complete, as evidenced by tarry deposit.
This should not occur with 20% excess oxygeh. Methods of calcu-
lating power requirements were not checked by the experimental
data. Here again extraneous material, including garbage, food
tubes, and sponge wipes were 1Inclnerated. Since this study is
for the 1ncineration of feces, fecal bags, and tilssue only, the
calculation process 1s simplifled. To determine power require-
ments, the same heat balance method was used.in this study as was
set up by Nuccio et al. (Ref.,17), namely that:

Qinput + (Qc'Qf)net heats of combustion ~ Qsensible wastes

+ Qsensible syastem + qusion * Qlatent + Qsensible gases

+ Qlosses‘

Of these heat quantitiles, the net heats of combustion are
assumed equal to the sensible heat of the system plus heat losses.

Thus

The equation becomes:

Qnput = %sensible wastes ¥ Yusion T Uatent
+ Q

sensible gases.
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TABLE II

WEIGHT AND VOLUME PENALTIES - FREEZE-DRY PROCESS - FROZEN STORAGE

bmen |6 men [ 7 men |7 men [21 men |21 men

Penalty Item 14 days |30 days |14 days |30 days |14 days [30 days
Welght {1b]
Bags and Wipes 9.2 19.9 10.8 23.1 32.4 69. 3
Spherical Shell 13.8 22.7 15.4 25.4 46.2 76.2
Door and Access. 3.3 3.3 3.3 3.3 9.9 G.9
Tnsulation 0.9 1.4 1.0 1.5 3.1 L7
Cabin Alr Loss 0.8 3.4 0.9 3.8 2.7 11.6
Collection Seat 3.0 3.0 3.0 3.0 9.0 9.0
TOTAL WEIGHT 31.0 53.7 4.4 60.1 103.3 [180.7
Volume (cublc feet)

Overall Sphere 3.25 6.48 3.78 T.21 11.35 21.13
Instruments and
Access. 0.50 0.50 0.50 0.50 1.50 1.50
Storage Bags and
Wipes 0.15 0.32 0.17 0.37 0.B2 1.11
Vel. of Collectlon
Seat 0.50 0.50 0.50 0.50 1.50 1.50
TOTAL VOLUME 4.40 7.80 4.95 8.58 |14.87 [25.24
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These gquantitles can be estimated or calculated for the amounts of
wastes considered in this study.

A series of calculations was made (see Appendix I, pp 59-63)
and the results listed in Table III and represented graphically in
Figure 2. These figures are based on crew sizes of 6, 7 and 21
men for missions from 14 to 30 days.

In these calculatlions, the wastes were assumed to be incin-
erated with stored oxygen. Since all the gases are vented to
space, Incineration wlth cabin sir would result in a tremendous
welght penalty, because the nitrogen volded would have to be
replaced from storage.

The weight penalties for power and oxygen are the determining
factors. For a crew of 7 men, the auxillaries comprise 60% of the
weight penalty.

Sealing and Storlng of Feces in Cans

Roth et al. {Ref. 21) recommended the iodophor germicides
{(particularly West #lU443) for food-waste treatment 1n spacecraft
appliecations. This antigeptic is usged in conjunction with a gag-
tlght can and close-fiftting 1id as a pressure vessel. Roth et al.
state that the principal disadvantage 1n the use of these germicldes
lies in the difficulty of mixing liquids and solids under welghtless
conditions. (Thorough shaking of containers might be an effective
way of achileving contact of waste and preservative.)

LaChance¥* mentioned that when fresh feces were stored in four
sealed cans for over two months, 6 psig was the highest recorded
pressure in one of the cans, and this gradually returned to 2 psig
and remalined at this pressure.

Wheaton et al. (Ref. 29) reported that untreated fecal material
stored in sealed contalners at 30°C produced gases within the con-
tainers that reached pressures as high as 33 psia. The gases pro-
duced consisted mainly of carbon dioxide, methahe, hydrogen, and
hydrogen sulfide. The pressure in the contalners lncreased most
rapldly during the first four days of storage. The pressure pro-
duced by any one gsample was dependent on the head space of the
container.

Mallman and Chandler {(Ref. 12) reported that colloldal iodine
was able to penetrate and destroy bacterla embedded in finely
divided particles of avian fecal matter, whereas a number of
other disinfectants were not successful.

Some qualitative studies on feces storage were performed at
General Dynamics/Electrio Beat. In one prelimlinary experiment,
feces preserved in sealed plastilc bags at L4O°F showed no gas pro-
duction at the end of 48 hours. Feces treated with benzalkonlum
chloride (BAC) showed no gas production at the end of 72 hours at
4OOF and were sterile when cultured for bacteria at the end of 24

*laChgnce, P.A., Personal Communication. Aerospace Medical Research
Laboratories, Wright-Patterson AFB, Ohlo, October, 1962.
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TABLE ITII

WEIGHT AND VOLUME PENALTIES - INCINERATION OF FECES WITH OXYGEN

bmen| 6men | Tmen | 7 men {21 men |21 men

Penalty Item 14 days| 30 daysili days|30 days|lil days{ 30 days
welght (1lb)
Bags and Tissue 9.2 19.9 10.8 23.1 32.4 69.3
Cylindrical Shell{ 24,2 2l .2 27.0 27.0 8l.0 81.0
Door and Lock 6.0 6.0 6.0 6.0 18.0 18.0
Insulation 40.0 40.0 hhy.o 44,0 |132.0 [132.0
Instruments and
Accessories 12.0 12.0 12.0 12,0 36.0 36.0
Sub Total 91.4 |102.1 99.8 [112,1 ([299.4 |336.3
Power Penalty 27.6 27.6 33.0 33.0 99.0 99.0
0, Required 23.7 50.7 28.0 60.0 84,0 [180.0
0, Container 23.7 50.7 28.0 60.0 84,0 |180.0
Cabin Alr Loss NEGLIGIBLE
Collection Seat 3.0 3.0 3.0 3.0 9.0 9.0
TOTAL WEIGHT 169.4 |[234.1 ]191.8 [268.1 |575.4 [804.3
Volume (cublc feet)

Shell and Tnsula. 1.87 1.87 2.10 2.10 6.30 6.30
Instruments and
Accessories 0.50 0.50 0.50 0.50 1.50 1.50
Storage Bags and
Tissue 0.15 0.32 0.17 0.37 0.52 1.11
0, and Containers 2.20 4,40 2.20 4.4%0 6.60 | 13.90
Volume Collection
Seat 0.50 0.50 0.50 0.50 1.50 1.50
TOTAL VOLUME 5,22 7.59 5. 407 7.87 | 16.42 | 23.61
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hours. In other preliminary experiments, feces were again treated
with BAC. These feces were incubated at 98,60F; the treated feces
produced somewhat less gas than the controls. Treated feces zsam-

ples examined after 48 hours were not sterlle. Gas production was
measured visually by the amount of inflation of %fhe sealed plastilc
bags.

In another experiment, three No. 3 sanitary tin cans were
used in feces storage tests. To the first can, 111 gm of fresh
feces and 30 ml of a solution contalning 1% BAC and 1% sodium
nitrite were added; to the second can, 71 gm of feces and 30 ml
of the same antiseptic antlrust solutlion. One hundred milliliters
of water were added to the third can, which was used as a control.
The cans were sealed, shaken, and then placed in an incubator at
98,.6°F for 23 days. When removed and allowed to cocol to room
temperature, the first and second cans were slightly bulged and
the control can appeared normal. The cang were then stored at
room temperature for over @ months with no apparent change in
pressure or leakage.

To check on corrosion, four commercial tin cans were pre-
pared by adding 30 ml of the following:

1., 13% benzalkonium chloride (BAC) solution
2. 5% BAC solutilon

3. water

4, 1% BAC, 1% sodium nitrite

The first three cans showed signs of rust within 24 hours,
the lagt can showed no rust even at the end of two weeks. The
open cans wWere gtored at room temperature for thls test.

It therefore appears feaslible to store feces in conventional,
sanitary, tinned cans using benzalkonium chloride as an antiseptic
and sodium nitrite as an antl-rust agent. Although the feces are
not sterilized using this agent {as witnessed by the slight
swelling of the cans 1n the above tests), there ig sufficient
inhibition to prevent rupture of the can when stored for the
length of the mission. The feces of 3 to 5 men will fit into
one No. 3 can (l-liter capacity) leaving about 50% headspace.
About 2 oz. of antiseptic, anti-rust sclution (10% BAC for 10 x
safety factor, 1% sodlum nitrite) should be added to each can
before sealing and shaking.

A standard, quart paint can with a special friction 114
seems sabtlsfactory for this service. Its use would eliminate
the hand-operated, double-geamer required to close a sanitary seal
can and would be dependent on laboratory testing.

A quantitative analysis of the weight and volume penalties
for various crew sizes and mission lengths is shown in Table IV
and is represented graphically in Flgure 3. For sample calcula-
tions, see Appendix I, p 64.
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TABLE 1v

WEIGHT AND VOLUME PENALTIES - STORAGE OF FECES TN CANS

Hmen | Smen | 7 men | 7 men |21 men |21 men

Penalty Ttem 14 days |30 days|1l4 days|30 days|lid days| 30 days
Welght (1b)
Bags and Wipes 9.7 19,9 10.8 23.1 32.4 69.5
Cang, Fmpty 8.0 19,2 10.6 22,/ 31.8 67.0
Sterilant (10%
BAC Solution) 3.5 F.5 4.1 8.7 12.3 26,1
Hand Seamer 5.5 5.5 5.5 5.5 16.5 16.5
Cabin Alr Loss NEGLIGIBILE
Weight of
Collection Seat 3.0 3.0 3.0 3.0 9.0 9.0
TOTAL WEIGHT 30.6 5.1 34,0 62.7 102.0 188.1
Volume (cubic feet)

Penalty Vol. above
Vol. Req'd for
S0lid Packed Foods
-ans and Racks 0.33 0.70 0.39 0.82 1.15 2.50
Bags and Wipes 0.15 0.32 0.17 0.37 0.52 1,11
Sterilant 0.06 c.l2 0.07 0.14 0.21 0,42
Volume of Seat 0.50 0.50 0.50 0,50 1.50 1.50
TOTAL VOLUME 1.04 1.64 1.13 1.83 3,38 5.50
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The volume penalty for storage in cans was derived by sub-
tracting the volume of solld-packed, square cross-section food
packages from the volume of an equivalent number of ecans packed
with food in tracked racks. The Interstitial voids of tangent
cylinders on egqual centers (not staggered) make up for most of
the additional volume. When the food in the cans 18 consumed,
the feces 18 placed in these empty cans, sealed, sultably marked,
and put in an empty space in the canned food rack.

Comblned Collectlon and Storage of Feces

This system concept was developed at General Dynamics/Electric
Boat and is novel in that it integrates fecal collection and
storage. This eliminates any transport of fecal collection bags
or other devices by the crew member, reduces the amount of neces-
sary hardware, and utilizes a very simple operating procedure.
From a psychological standpolint, the appearance and use aspects
are similar to thosgse of a conventional toilet,

A complete descriptlion of the proposed system is given in
Section 8.

Briefly, the fecal storage unit comprises a bullt-up fiber-
glass sphere, with a perforated, fiberglass-plastic, inner lilner,
and a felt lmpingement liner to act as a filter. There is a 4-
inch opening in the top, with a removable pressure-seal cover.
There 1s a bottom outlet which 1s piped to a 3-port, 2-position
valve. This valve allows air to flow from the collection tank,
and be pulled by a small blower through a charcoal and bacterial
f1lter, and back to the cablin atmesphere. During defecation, air
flow enters through anterior and posterior openings made by the
body at such a velocity as to accelerate the fecal stool to the
impingement barrier. After defecation and disposal of wipes,
the 11d 1s replaced and some of the alr pumped by the blower to
the cabin through the decdorizing and bacterial filters. The
valve is then turned to the overboard position and full wvacuum
applied for a short period.

A set of calculations was made for weight and volume penaltiesn
for this system and the results tabulated in Table V and shown
graphically in PFigure 4. Sample calculations appear in Appendix
I, pp. 65-68.

A breadboard mockup of this system was bullt and the results
of tests conducted are reported in Section 7 of this report.
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TABLE V

WEIGHT AND VOLUME PENALTTIES
COMBINED CCLLECTION AND STORAGE OF FECES

&Emen | 6men | 7 men | 7 men |21 men |21 men

Penalty Item 14 days|30 days|ll4 days|30 days|1Y4 days|{30 days
Welght (15)
Tissue and Wipes 0.32 0.68 0.38 0.80 1.14 2.40
Equipment 6.03 7.53 6. 47 8.80 | 19.41 | 26.29
Rlower 3.50 3.50 3.50 3.50 10.50 10.50
Power Penalty 4.90 L4.90 4,50 4.90 14.70 14.70
Cabin Alr loss 1.00 3.50 1.20 4.00 3.60 | 12.00
TOTAL, WEIGHT 15.75 | 20.11 16.45 22.00 43,35 65 .83
Volume (cubic feet)

‘Storage Vol. Wipes | 0.01 C.02 0.01 0.02 0.03 0.08
Volume of Sphere 0.67 l.24 0.75 1.45 0.25 4,40
Volume of Access. 0.50 0.50 0.50 0.50 1.50 1.50
TOTAL VOLUME 1.18 1.76 1.26 1.97 3.78 5.98
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SECTION 5
URINE HANDLING

URINE COLLECTION

Most investigators in this fleld have specified the use of
plastic urinals for collectlon of urine and transfer of the con-
tents to an intermediate storage tank, or, venting to space.

Miner et al. (Ref. 14) developed a thin-walled, anti-static latex
bag urinal, molded flat and tapered at the elosed énd. The urinal
has a conical sectlion at its open end. The design of the wurinal
excludeg entrapped alr and consequent back pressure during urina-
tion. The original deslign has been improved in that the penile
adapter is provided with a dlsposable paper liner treated with a
sterilizing agent for prophylaxls. The conlcal section of the
open end of the urinal is designed to fit over an adapter attached
to a urine storage tank. Disinfectant tablets are provided to
stabilize and sterilize urine; one tablet 1s placed 1n the urinal
before each urination,

Zeff (Ref. 31) used a semirigid plastic, bellows-type collec-
tor, and the Whirlpcol Corporation of St. Joseph, Michligan¥* used
a spring-wound, centrifugal collector.

Welght trade-off studies between these three collecting de-
vices are not warranted gince their weights are roughly the same
and they welgh only a small fraction of the complete waste system.

STERILIZATION AND VENTING OF URINE
General

Urine from normal subjects 1s sterile when voided. No dif-
ficulty 1s foreseen in the treatment of urine wilth chemical agents
to ensure gterllity before venting to space. On the other hand,
sediments and preclipltates form In urine on standing, and these
must be considered in the design of tubing and storage tanks.

Sterllizing agents should be placed 1n the urinal prior to
each use. These serve the dual purpose of (a) preventing odor
and bacteria buildup within the urinal, and b) sterilizing its
contents prlor to disposal overboard. Although normal urine is
considered to be bacteria free, 1%t can be readlly contaminated by
contact with nonsterile surfaces. Therefore, thls pretreatment
is essentlal to ensure a sterile conditlion of the urine prior to
venting overboard.

Urine has customarlly been preserved for clinical examination
by treatment with chemical preservatives when refrigeration was
inconvenient. The preservative of cholce has been toluene, but
camphor, thymol, formaldehyde, and methenamine with salicylic

*¥Verbal communication, May 1963.

26



acild have also been used. (See Hawk et al., Ref. 6.) Toluene is
used by simply overlaylng the urine with a thin film of it. Form-
aldehyde 1s used in the proportion of 2 drops per 50 ml of urine.
This would be a concentration 0.2% of a 37% formaldehyde solution.
A bit of camphor or thymol {about 0.1%) sufficient to give a satu-
rated solution is also a satisfactory urine preservative. Methena-
mine (0.3%) with salicylic acid (0.2%) is used. These substances
produce formaldehyde 1n solution.

Sandage (Ref. 22) believes that all physical methods of wasate
sterilization except flltration have weight, space, or power re-
quirements that eliminate them from consideration or study for
purposes of application in a space vehiclie; however, calculations
are not glven. Passing urine through a bacteriological filter as
it is vented into space may be suitable for backup use.

During preliminary work at (General Dynamics/Electric Beat,
the addition of voric acid (1 gm) to urine (100 ml) kept it clear
and inhiblted odor changes for three days. After this period,
slight clouding occurred. At the end of two weeks, there was no
change in urine odor (no ammonia odor).

In other experiments to check on urine preservation odor
change, production of ammonia was used as a criterion of preser-
vation. Fresh urine sampleg 125, 200, and 300 ml were each
treated with one precrushed tablet of a proprietary quarternary
antiseptic (Diaparene) containing 0.1 gm active ingredient.
There was no change in odor after two weeks storage in unsealed
plastic bottles.

Four urline samples from different subjects were treated with
a solution of 1% benzalkonlum chloride (BAC) and 1% sodium nitrite,
The concentrations used were 1.5, 1.0, 0.35, and 0.15% of the pre-
servative solution. Odor change was used as an index of decom-
position. The samples were gstored in plastic bottles at room
temperature open to air. There was no cbservable change in odor
in any sample after two weeks of storage.

The untreated controls used in the above studies all devel-
oped the characteristic ammoniacal urine odor on standing.

Sterilization of Urine

Any number of chemical agents are satisfactory for the steri-
lization of urine. Benzalkonium chloride (BAC) could be chosen
because of its effectlveness 1n preliminary tests and to avold
duplicatlion since it has been suggested for inhibition of gas
production in feces. However, it is felt thatl since the urine is
to be collected and stored separately, an uncrushed Dlaparene
tablet, or its equivalent, can be added to the plastic urinal Just
prior to each use. This will ensure sterlility and stabllity for
a 24-hour period, and will be satlsfactory for short-term storage
or venting to apace.
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Ventilng

The venting of sterile urine to space has some of the same
disadvantages as the venting of mixed wastes; namely, possible
effect on vehicle apeed and guldance, possible interference with
communications, and no pogslbility of water recovery.

STORAGE AND DISPOSAL OF URINE
Storage

Urine collected In the plastic urinal is discharged to a
gspherical tank with an internal bladder. The shell side of the
bladder has a vacuum and pressure connection., In the transfer
cyele from urinal to tank, negative pressure 1s applied to the
shell allowing the bladder to expand and accept the charge from
the urinal. After one day's urine waste is collected, an cutlet
from the bladder is opened and, by applylng pressure, the urine
is forced out either to an overboard vent or to a water-recovery
process.

Dlsposal

Systems for the recovery of usable products from urline and
feces are not included in the scope of this analysis. However,
intermediate storage of urine is deslirable to allow water recovery.

Most investigators have determined that man will require
roughly 5 1b/day of potable water. Of thils amount, about 2 1b
can be recovered as potable water from the cablin air condltlioning
system leaving a remainder of 3 lb to be supplled as stored sup-~
plies, recovered from urine, or recovered from fuel cells. Since
one of the premises upon which this study is based is a solar
panel-battery power source, recovery of water from a fuel cell
cannot be considered. The amount of urine/man/day has been
stated as 1500 cc or 3.3 1b, Of thils weight, 5% constitutes
sollds. Assumling that 95% of the water that could be recovered
would be potable, 3 1b of potable water would be provided, elim-
inating water storage bulk and weight at take off. Thus, a 6-man,
14-day mission would require 252 1lb of water, and a 6-man, 30-day
mission would require 540 1b of water,

Using power to drive a vapor-compression (VC) water-recovery
gt111l, an approximate estimate for 6 men would be an equipment
welght of 50 1b and a power requirement of 300 watfs or an addi-
tional 90 1b.

For this size crew, the equation of Wallman and Barnett (Ref.
28) can be modified to the form:

W = 140 + M(6 + 0.2D)
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Where:

W = total weight penalty
M = crew size
6 1b = two days stored water per man
D = length of mission in days
0.2 = weight of expendables per day

Thus, for a 6-man mission the weight penalties for 14 and 30 days
are 193 and 212 1b respectively.

Calculations were also made for a 7-man crew. These welights
are compared graphically in Figure 5. The indications are that
water recovery from urine with the present stated source of power
would be necessary after eight days for a 7T-mah crew and ten days
for a 6-man crew.

The cholice of whether to vent urine or to recover water from
urine will depend on the development of a fuel cell that will have
a low weight penalty per unit of power and that can supply the
water lost by overboard venting. Under the pregent design basis,
water recovery from urine 1g indicated for all missions considered
herein.
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SECTION 6
PROCESS EVALUATION SUMMARY

QUALITATIVE STUDIES

0f the five processes studled qualitatively, all can be dis-
qualified on a welght-volume penalty basls except the steriliza-
tion of mixed wastes and jettisonlng to space. This process is
minimal in weight and volume; however, the problems of. gpace con-
tamination which include indeterminate effects on vehicle speed,
guldance and attitude, possibility of communications interruption,
and formatlon of clouds of particulate matter that the vehicle
might have to pass through in successive orbits, make this method
undesgsirable., Thils process also precludes the possibillity of any
water recovery.

QUANTITATIVE STUDIES

The four processes studied quantitatively were chosen because
they appeared to have low weight and volume characterlstics, and
because they are developed to the point that allows reasonable
engineering estimates to be made.

Graphs have been prepared to show welght penalties vg mission
time for these four processes for crew sigzes of 6, 7, and 21 men.
The comparisons are shown in Figures 6, 7, and 8, respectively.

These graphs indicate that the combined collection, storage,
and partial drying by space vacuum is the lowest 1In weight, in-
cineration i1s the highest in welght, and canned storage and freeze
drying of combined wastes are about equal.

The volume relationships are shown in Figures 9, 10, and 11,
The canned storage process requires minimum volume for all crew
sizes and missions. However, the combined collection and storage
gystem requires next to minimum. Both systems are very low 1n
volume required, and with reference to the module concept, which
takes 7 men as a unlt baslis, the volume for the comblned storage
concept 1s about 1.25 cubie feet as compared to 1,13 cubic feet
for the canned storage system. Since both remaining systems,
incineration and freeze drying, are high in weight as well as
volume, the final selection of the optimum process will be made
between the storage of canned feces and the combined collection,
storage, and partlal drylng of feces.

Table VI has been prepared rating the two systems., The sys-
tem having better performance for each heading considered is given
a value of 1 and the other a value of 2. The lowest cumulatlve
total denotes the optimum process.
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TABLE VI

COMBINED COLLECTION A?D STO?AGE VS CANNED STORAGE
Feces

COMBINED COLLECTION | STORAGE

ITEM AND STORAGE IN CANS
Total Weight (including power
penalty) 1 2
Volume 2 - 1
Reliability, Safety, and
Simplicity 1-1/2 1-1/2
Degree of Cabin Alr Contamination 1 2
Operating, Transfer, and
Maintenance Requlrements 1 2
Operability in O g field 1-1/2 1-1/2

8 10

The apprcach having the optimum potential for use in a space
station waste management system is obviously one based on combined
collection, storage, and partial drying of feces. This system has
a real advantage 1n that once defecation is accomplished, the feces
arenot handled in any manner. During defecation and 1n initial
draw~-down of vessel pressure, odor control is readily accomplished
by the activated carbon filter. Evacuation of some of the cabin
alr 1n the collector back to the cabin reduces cabin air loss to
a minimum, The collection unit assembly 1s light and small and,
if missions longer than 30 days are necessary, spare units can be
furnished along with food on resupply trips; and the filled con-
tainers can be ferried back to earth. Another advantage of the
collection sphere 1ls that the decomposition rate would be lowered
because of partial drying, and maximum pressure bulldup in the
sealed sphere would be reduced.

The power required to operate the blower would be less than
- 0.05 hp and would be required only during and immediately after
defecation., For a 7-man crew, this would average about 1 hour
per day -or less.
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SECTION 7
EXPERTMENTAL WORK - BREADBOARD MOCKUP STUDIES

OBJECTIVE

The objectlive of the breadboard study was to demonstrate the
feasibility of the selected approach by testing: (a) pressure
buildup in partially dried feces over a 30-day perilod, (b) the
abllity of activated charcoal to remove odors, and (05 the removal
of bacterla from the air stream by a Millipore filter.

DESCRIFPTION OF EQUIPMENT

A 2-galion pressure tank was modified by lnserting an inner
eylindrical liner of 1l6-mesh, aluminum wire screen covered with
4 oz. nylon felt on sides and bottom. The cylinder was slzed to
allow a 1/2-inch annular space between the screen and the pressure
vegsel wall. One connectlon in the 1id was connected to an in-
ternal 1/4-inch 0D copper tube leading to the bottom of the inter-
cylinder space. This line was valved to isolate the collection
device after evacuation. Another connection, with two external
needle valves, led to the feces side of the collecting cylinder.
One valve controlled a line to a 40-inch mercury manometer, the
other controlled an air bleed line from the ambient ailr. This
air passed through a bacterial fillter and rotometer. The top
annular space was sealed with a sponge rubber gasket. The remov-
able cover was held in place by s8ix swivel holts and wing nuts
locking to cast-notched lugs in the cover.

Two test setups were used as shown 1n Figures 12 and 13.
Figure 12 shows twc (0.5u) Millipore filter elements in series in
the vacuum line followed by an activated carbon column, a cold-
trap (vacuum filter flask immersed in dry ice and acetone) and
a Gelman hlgh-volume,low head, oil-free compressor, modified to
serve as ah exhauster.

Flgure 13 shows the two Milllpore filters removed and the
Gelman pump replaced with a Welsh Duoseal laboratory vacuum pump
for maintaining 5 mm Hg absolute.

METHOD OF TESTING

The collection vessel with valves open and cover 1n place
was welghed. The cover was removed and the vessel placed under a
space tollet seat arrangement. After defecation and deposition
of soilled toilet tlssue, the cover was replaced and the vessel
rewelighed.

The collection vessel was then connected into the laboratory
set-up as shown In Flgure 12. Air was pulled through the collec-
tor for 10 minutes with the Gelman pump. The outlet of the pump
was gniffed to detect odor and results recorded. The coldtrap
condensate wag also checked for odor. The pump was shut off and
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the Millipore filters removed. 'The filter discs were cultured in
petri dishes for 18 hours and examined for coliforms, using the
standard Millipore filter technique.

The equipment setup was then rearranged as shown 1n Pigure
13, the air bleed valve was closed, and the vessel evacuated for
3 hours. Manomefer pressure, barometer readingse and temperature
were recorded. The vessel was sealed and left overnight. Prior
to use the next morning, temperature, manometer, and barometer
were read. The vacuum was then broken by opening the air bleed
line, and the vessel was weighed. The bacteria tests were con-
tinued for 15 days and the odor tests for 30 dayas. AL the end
of the 30-day period, the vessel, then half full, was filled to
80% by addition of inert plastic chips. The vessel was evacuated
and absolute pressures recorded every 24 hours for ancther 30-
day periced,.

TEST RESULTS

The results of the bacteria, odor, and weight loss tests
during the collectlon period are listed in Table VII. The pres-
sure bulldup over the subsequent 30-day storage period is shown
graphically in Figure 1.

In consldering the removal of bacteria results, only once
were colonies of E. colli detected on the first filter and never
on the second filfer. This would indicate that the nylon felt
liner is a good bacterial filter.

A total weight loss of 889 grams from a total waste welght
of 2270 grams indicated conslderable drylng of the feces.

Pressure bulldup in the device after use and evacuation are
Just slightly more than the loss in vacuum from in-leakage Into
the empty system.

CONCLUSIONS

From the indicated weight loss, it is apparent that partial
dehydraticn of the fecal matter occurs. This is sufficlent to
inhibit decomposition and pressure buildup between uses. The
increase 1n pressure in 24 hours was negllgible; vessel pressure
was less than cabin pressure even after 30 days of storage.

Test results show that bacteria present in the circulating
alr over stored feces can be effectively removed by a properly
deglgned filter cartridge.

The absence of odor either in the cold-trap condensate or at
the pump discharge indicates the capabillty of a properly designed
activated carbon filter to remove objectlonable odors from the
recirculated cabin air.
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TABLE VII
FECES COLLECTION AND STORAGE-PRESSURE TEST AND WELIGHT LOSS
(Ten Minute Air Circulation)

Wt. Loss [Preas. | Press, Rateik

Feces &| in Start |End of Lea Colifoyms

Tissue | Wt. (in. {in. AP Time [(in. No, 1 | No, 2

Usage | (gm) (gm) HgAbs) |HgAbs) i (in, Hg)} (Hr.) | Hg/hr) | Filter | Filter | Odor
1 31 4 0,31 3,54 3.3 20.5 | 0,157 Neg. Neg. None
2 92 13 0.23 3.67 3.64 19.0 | 0,182 | Neg. Neg, None
3 120 24 0.30 3.92 3.62 19.0 | 0.190 | Neg. Neg. None
4 126 20 {0.28 | 3.70 3.42 | 19,5 | 0,176 | Neg. | Heg. Hone
5 37 25 0.32 3.33 3.01 17.5 | 0,173 | Neg. Neg. None
6 40 26 0.26 9.36 92.10 67,0% | 0,136 | Neg. Neg. None
7 25 31 0.34 3.53 3.19 21.0 | 0,152 | Neg. Neg. None
] 70 36 0.33 3,44 3.11 18.0 ; 0,174 | Neg. Neg. None
9 156 s 0,32 4,16 .84 21.0 | 0,183 | Neg. Neg. None
10 21 21 0.5 |12.8% 12,35 68,0% | 0,181 | Neg. Neg. None
11 60 35 0.33 3.57 3,24 19.0 | 0,170 | Neg. Neg. None
12 25 32 0.48 3.60 3.12 19.0 | 0.164 | 3 cols  Neg. None
13 207 46 0.30 4.60 4.30 17.0 | 0,250 | Neg. Neg. None
14 29 28 0.48 3,39 2.91 17.0 | 0,171 | Neg. Neg. None
15 20 24 0,47 12.85 12.38 90.5% | 0,137 | END OF TEST
16 45 30 0.49 3.85 3.36 18.0 | 0.208
17 73 31 0.49 3,83 3.34 19.0 | 0,175
18 38 24 0.52 A.7% 3.22 20.5 | 0.157
19 60 33 0.38 11.16 10,78 67.0% | 0,161
20 217 33 0.50 5,22 4,72 21.0 | 0,225
21 61 32 0.43 4,02 .59 17.0 | 0.210
22 44 26 0,12 4,37 4,25 19.5 | 0,217
23 35 34 0.45 4.57 4,12 20.5 | 0.200
24 71 36 0,46 13.50 13.04 92,5% | 0,158
25 - 31 0.40 4.70 4,30 20,0 | 0.218
26 116 34 0.50 8.29 7.79 44,5 | 0,175
27 11 34 0.51 (11.38 10.87 €5.5% | 0,169
28 110 37 0.47 4.75 4,38 20.0 | 0.219
29 270 40 0.43 6.13 5.70 19.5 | 0.292
30 i ib 0,49 1,47 0.98 19.5 [ 0,05
TOTAL | 2270 889

*Test continued over weekend.
*k]1} days tests on empty collactor varying from 24 to 120 hours
gave an average in-leak rate of 0,130 inﬁhel of Hg per hour,
2




JNIL SA 3UNSSIdEd JLNT10SAY - SLINSIH L1S3L JANSSAYd “¥1 I¥NDIS

sheq - auLy,
¥¢ ¢t 0g Be 9¢ ¥e ¢t 0¢ 81 91 ¥1 (A 01 8 9
L
\o\ 1174 %08
19882
K 9%ux01g [vo94
\ 13308
!
B

0°¢

0t

0%

0'9

eI1Sd - 2anssald

43



Coutrails

Approved for Public Release



SECTION 8

SYSTEM DESCRIPTION -~ FINAL DESIGN

GENERAL

The final design 1s baged on separate collection of urine and
feces. Urine 1s collected in a latex urinal and transferred imme-
diately by the individual to an intermediate urine storage tank,
conaslsting of a gphere with rubber, inner bladder. Feces are c¢ol-
lected in a sgpherical collection tank with foam cushions around
the top opening to allow the astronaut to take the normal sitting
poaition during defecatlon. Feces and wipeg are dlrected against
the false inner sphere by alrflow and, after the sealing 1id has
been replaced, the collection vessel 1s evacuated to space. A
cutaway drawing of the assembled unit with major components 1s
shown in Figure 15.

The prototype unlt described herein is deslgned for minimum
weight but 1s not welght optimized. In the selectlon of certain
components, e.g., the flberglass spheres, off-the-shelf availa-
bility and cost were considered. This results in small compromises
with regard to minimum weight but allows fabrication of an oper-
ating prototype at minimum cost.

FECES-HANDLING EQUIPMENT

The fecal waste collection and storage unit consists of the
following components based on a 7-man, l5-day mlsslon.

Fecesg Collector

This is a 17-inch OD sxternal sphere having a wall thickness
of 3/32 inch with a 3/4-inch vent in the bottom. A 4-inch diam-
eter hole In the top 1s provided wilith a valved, pressure-sealing
cover. Two kidney-shaped, foam-pad surfaces are provlded around
the top of the hole. These padded surfaces are spaced to provide
an opening approximately l-inch square at both the front and rear
when the crewman 1s seated. The material recommended for the
spherical shell is a flberglass-resin layup with an insilde gel
coat. A sphere was chosen to optimize the strength-to-welght
ratio. There is a 1l4-inch diameter, perforated internal sphere,
having a U4-inch iron pipe size (IPS) hole tapped in the top, and
joined to the outer sphere by a Y4-inch IPS schedule 40 aluminum
pipe. This sphere i1s concentrically placed to provide an inter-
spherical flow path 1-1/2 inches wide and functlons both as the
collector of the waste material and as an impingement barrier,
This sphere ls constructed of 3/32-inch thick, fiberglass-resin
lay-up, perforated over the entire surface with 3/16-inch diameter
holes on 1/2-inch centers. On the outside of this perforated
sphere is one thickness of 4 oz. nylon felt. The collection
sphere assembly 1s mounted on draw slides to accommodate the stor-
age cof the vegsel within the ¢ylindrical contour of the two-man
simulator located at the Aerospace Medical Research Laboratories,
Wright-Patterson Air Force Basze, 0Ohlo.
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Fecal collection sphere

Collection sphere frame and draw bars
Cabin air blower and switch

3 way selector valve

Flexible hose

Racterial {1lter cartridge

Activated carbon cartridge

Removable cover

9.
10.
11.
12,
13.
14,
15.
16.

Space vacuum shut-off wvalve

Cover clip

Latex urinal and adapter (not shown)
Urinal insert dispenser

Urine storage sphere

Sterilizing tablet dispenser

Tissue dispenser

Urine transfer tubing

FIGURE 15, WASTE MANAGEMENT SYSTEM SHOWING CUTAWAY VIEW
OF FECAL COLLECTION SPHERE (Frame Shown is Part of

Existing Water Recovery Unit)
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Alr System

The cablin air flow and fliltering system consists of a blower
fastened to the stationary framework and two filter cartridges,
one bacterial (capable of 100% removal of 0.5 micron particles)
and one activated carbon. The airflow 1s from the bottom of the
fecal collection sphere, through a reinforced flexible plastic
hose capable of withstanding high vacuum, to the bacterial filter
and activated carbon cartridge in series, thence to a 3-way, 2-
position, aluminum valve. This valve ig supplied wlth a sgpecial
vacuum grease for the plug and is glven a helium-spectrometer in-
leakage test by the manufacturer. From the 3-way valve, one port
1s connected to the blower and thence to the cabin. (The blower
is desecribed below.) The other port of the valve is connected
with 3/4-inch tubing to a two-way teflon plug walve that serves
as a shutoff for the high vacuum (space vacuum) source, .

When the 3-way selector valve is in the blower position and
the blower is turned on, the internal alir flow system provides
positive feces motlon (under weightless conditions) and odor
control. This airflow is used only when the sealing cover is
removed for defecatlon. The blower switch and valves are located
on a panel handy to the user. The high vacuum valve 1s opened
only after the selector valve has been turned to the high vacuum
position, and is left open for about 15 minutes. Bacteria are
removed in the common filter before going to high vacuum. All
interconnecting piping is made of 3/l4-inch aluminum tubing with
0.035-inch wall thickness and is connected with flare fittings
and ferrules for tight joints, hence, 1s light-weight and easy to
maintain. When the collector is in use, the air flow pattern
imparts an acceleration to the stool of about 0.1 ft/sec.2 in
addition to the initial veloeclity resulting from sphincter muscle
action i? separating the stool from the anus. (See Miner et al.
Ref. 13.

The activated carbon cartridge (gized with a safety factor
of 25) 18 housed in a resin-coated enclosure of aluminum. The
bacterial filter enclosure 1s also fabricated of aluminum.

Cabin Alr Blower

To impart the necesgary air veloclity through the anterior
and posterior openings made by the human form and the kldney-
shaped pads, it has been determined that a minimum flow of 5 c¢fm
at a AP of 0.2 psi would be necessary. Durding the time air is
flowing at this rate, the blower will regquire 0.025 hp. A blower
of the following characteristics was chosen: radlial vane blower,
19000 rpm, 400-eycle, single phase, 115 V; 5 cfm at 6 inches water
statlc pressure, power consumption 22 watts. This blower would be
operated for approximately 1 hr/day. The blower switch has a self-
contained light which glows when the blower is on.

URINE-HANDL.ING EQUIPMENT
The urine collectlon and storage system conslsts of a latex

urinal with sanitizing accessories, and a spherical storage tank
slzed to hold urine accumulation for one day.
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Urinal and Accessorles

The urinal consists of three parts, namely: a latex collect-
ing bag which is a common item; a penile adapter disc, which is
a personal l1tem; and a disposable plastilic insert which 1s a one-
use, sahitary item.

The collecting urinal is a thin-walled, antistatic, latex
bag, molded flat and tapered at one end. The urinal has a conical
gection at 1ts large end. The design of the urinal minimizes the
possibility of entrapped alr. The large end ls provided with a
semirigid penlle adapter dlsc which serves as a retaining device
and a secondary seal, and 1s connected to the urinal by permanent
magnhets., The conical section at the top of the bag is the primary
seal, preventing escape of the contents durlng use. The mouth of
the urinal is provided with a dlsposable, plastic insert pretreated
wilth a sterilizing agent. Thils provides prophylaxls for successive
users of the urinal and sterilization of the liner for storage
after use. A spring pinch-type clamp is provided for positive
urinal closure al time of removal, The urinal is provided with
two Velcero fastener areas for attachment to the front of the feces
collecting sphere for use while defecating and for storage when
not in use. The urinal 1s connected at the tapered end to the
storage tank by means of a tubing adapter and plastic tubing.

Urinal inserts wlll be stored in a dispensing tube fabricated
from thin-wall aluminum tubing. Used liners can be deposited in
one end as the unused liners are withdrawn from the other. A
partition separates used and unused 1nserts.

Sterilizing tablets (Dlaparene chloride) are provided in a
handy digpenser. One of these tablets 1s placed within the urinal
Just before each use to sterilize the urine before storage and
prevent odor and bacteria bulld-up in the stored urine.

Urine Storage Tank

The urine storage sphere has an internal diameter of 11 inches
and a capaclity of 10.% liters. Penetrating the liquid slde of the
sphere are two valved outlets. The top outlet is for filling and
the bottom for emptylng. On the air side of the bladder, a con-
nection in the sphere goes to a 2-way, 3-port selector valve.

One of the external ports 1s connected to a hand-operated, vacuum
squeeze bulb and the other to a pressure bulb. When urine is
being transferred into the tank from the urinal, the selector
valve 1s in the vacuum position. When urine 1s belng removed for
processing or disposal, the valve i1s at the pressure position.

DESIGN DRAWINGS

The above system is fully defined in detailled design drawings,
General Dynamics/Electric Boat Nes. 200514, 200515-1, and 200515-2.
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SECTION &
METHOD OF OPERATION

Thils section describes the step-by-step operating procedure
for the Waste Management System,

DETFTECATION

1. Release catch and pull out fecal collection unit until
it rests on floor.

2. Open high vacuum valve momentarlly to purge collection
sphere of decomposltion gases; then cloge valve.

3. Turn selector valve from high vacuum to cabin air flow
position.

4, Open bleed valve in cover to equalize pressure,

5. Unlock and remove cover from top of sphere and lmmedlately
start blower; place cover in clip provided.

6, Assume sitting position on sphere seat and fasten Velcro
straps.

7. Defecate. Wad used tollet tlssue to minimum volume and
deposit in sphere.

8. Replace cover, lock, close bleed valve, and turn off
blower.

9, Turn selector valve to high vacuum positilon.

10, Return collectlion sphere to storage posltion and lock.

11. Open high wvacuum stop valve for 15 minutes, then close.
URINATION

The storage position of the urinal on the sphere is so
criented that the urinal can be used during defecation without

repositioning. Urination is accomplished by the followlng steps:

1. Remove penile adapter disc from urinal by breaking
magnetic force.

2. Remove clamp.
3. Place sterilizing tablet in urinal,
4, Place clean urilnal insert in the conlcal opening.

5. Place penile adapter dilse on penis.
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11,

12.
13.
14,

Attach disc to urinal and urinate.

Replace clamp on folded sectlion of urinal directly below
penis extremity.

Remove urinal.
Remove and store used insert.

Place 3-way valve on urinal storage tank to "fill"
position.

Open storage'tank inlet valve and empty urinal by apply-
ing vacuum with squeeze bulb.

Cloge fank inlet wvalve.
Replace clamp on tapered end of urinal.

Place urinal in storage position on fecal collection
vessel wlith Velcro fastener.

URINE TRANSFER

1.

The urine storage tank is emptied once every 24 hours.
With inlet valve closed, place 3-way valve on "empty"
posltion.

Open tank outlet valve and apply pressure by squeeze
bulk until all urine is transferred (to water-recovery
unit or to disposal).

Close tank outlet wvalve,
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SECTION 10
CONCLUSIONS

The optimum waste management system is based on separate
collection of urine and feces. The feces are collected, stored,
and partially dried by space vacuum Iin one piece of equipment;
urline is collected in plastic urinals, sterilized, and trans-
ferred to a diaphragm-type, spherical, storage tank for inter-
mediate storage prior to water recovery, treatment, or disposal.

Tests performed with a breadboard model. of the feces collec-
tor demonstrated the feagibility of the recommended approach with
regard to: (a) lack of pressure buildup with partially dehy-
drated feces, (b) satisfactory odor removal from recycled air,
and (c) complete bacterial removal from vented gases.

51



2.

10.

11.

12.

REFERENCES

Bogan, R.H., Chapman, D.D. and Ericcson, L.H., "Aeroblec Bio-
logical Deeradation of Human Waste in Closed Systems," Pre-
sented at American Astronautical Soclety 6th National Meeting,
New York, New York, 18-21 January 1960,

Chapman, D.D., "Biological Conversion of Human Waste by the
Activated Sludge Process,"”" Lectures in Aerospace Medlecine,
USAF School of Aerospace Medicine, Brooks Alr Force Base,
Texas, 1963.

Des Jardins, J., Zeff, J.D. and Bambenek, R.A., Waste Collec-
tion Unit For a Space Vehlcle, WADD Technical Report &0-280,
Wright Alr Development Division, Wright-Patterson Alr Force
Base, Ohlo, 1960.

Goldblith, S.A, and Wick, E.L., Analysis of Human fecal Compon-

ents and the Study of Methods for Thelr Recovery in JSpace
Vehicles, ASD Technlcal Report ©l1-41Q, Aeronautical SysTems
DivIsion, Wright-Patterson Alr Force Base, Ohlo, 1961,

Golveke, C.G., Oswald, W.J. and McGauhey, P.H., "The BRlological
Control of FEnclosed Environments," Sewage and Tndustrial
Wastes, 31:1125-1142, 1950,

Hawk, P.B., Oser, B.L. and Summerson, W.H., Practical Physio-
logical Chemistry, 13 Ed., McGraw-Hill Book Company, Inc.,
New York, 1954,

Ingram, W.T., Mierobiologlcal Waste Treatment Processes in a

Closed Feology, Technical Documentary Report AMRL-TDR-G2-120,
ferospace Medical Research Laboratories, Wright-Patterson Air
Force Base, Ohio, 1962,

Jaffe, I..D., Sterilization of Unmanned Planetary and Lunar
Space Vehicles - An Engineering Examination, JPIL. TR-32-325,
Jet Propulsion lLab., Pasadena, Callifornia, 1963.

Konikoff, J.J. and Okamoto A.H., Study of the Purification of
Water from Blological Waste, Space Sciences Laboratory, General
Electric Company, Pniledelphia, Pennsylvania, 1962,

Ieone, D.E., Bloioglical Wagste Treatment in the Closed Ecosystem

for Space, R&D Report #U-1413-63-041, General Dynamlcs/Electric
Boat, Groton, Connecticut, 1963.

Leone, D.E. and Benoit, R.J., "Blological Treatment of Con-
centrated Organic Wastes Includlng Sewage Sludge," J. Water
Pollution Control Federation, (In Press), 19063,

Mallman, W.L., and Chandler, W.L., "On the Disinfection of
Avian Fecal Material," J. Am. Vet. Med. Assoc., 36:190-196,
1933, —_

h2



13.

14,

15.

16,

17.

18.

19.

20.

2l.

22,

23,

2l

5.

Miner, H., Spezialii, V. and Rabe, A.,Waste Collection and
Storage Subsystem for Project Apolle, Report No. UT413-062-203,
Berieral Dynamics/Electric Boat, Groton, Connecticut, 1962.

Miner, H.C., 3anford, H.L. Segal, M.R., Wallman, H.W.,
Collection Unit for Wastes During Space Travel, ASD TR-61-
314, Wright Patterson Alr Force Base, Ohio, 1061,

Moyer, J.%., Aerobic Waste Disposal Systems, Technical Docu-
mentary Report AMRL-TDR-62-116, Aerospace Medical Research
Laboratories, Wright-Patterson Air Force Rase, Ohio, 1962,

NASA Report on the Regearch and Technological Problems of
Marimed Rotating Spacecralt, Technical Note NASA-TN-D~-150X,
Tangley Research Center, Langley Station, Virginia, 1962,

Nuceio, P.P., Tomsik, C.M., and Zeff, J.D., Wasfte Disposal
for Aerospace Missions, AMRL Technical Documentary Report

TDR-63-4, Aerospace Medical Research Laboratories, Wright-

Patterson Alr Force Base, Chio, 1963.

Pipes, W.D. and Quon, J.E., "Growth of Chorella on Products
from the Incineratlon of Human Wastes," Biologlstics for
Space Systems Symposium, AMRL-TDR-62-116, Aerospace Medlcal
Regearch Laboratories, Wright-Patterson Alr Force Base, Chio,
1962,

Reddish, C.P., "Antiseptics, Disinfectants, Fungicildes, and
Chemical Physical Steriligzation," Lea and Febiger, Phlladelphila,
Pennsylvania, 1957.

Reynolds, L.W. and Konikoff, J.J., Study of the Purification
of Water from Biological Waste, General BElectric Company,
Missile and Space Vehicle Department, Space Sciences Tabo-
ratory, Philadelphia 4, Pennsylvania, 1960.

Roth, N.G., Wheaton, R.B. and Morris, H.I., "Control of Waste
Putrifaction in Space Flight," Developments in Industrial
Microbiology, Vol. 3, pp 35-44, Plenum Press, Inc., New vork,
New York, 19t2,

Sandage, C.N,, Techniques for the Sterilization of Wastes,
ASD-TDR~-61-575, Aeronautical sSystems Divisioh, Wrignt -
Patterson Air Force Base, Chio, 1961,

Slonim, A.R., Hallam, A.P., Jensen, D.H., Kammermeyer, K.,
Water Recovery from Physiological Sources for Space Applica-
fTions, MRL-TDR-62-75, Aerospace Medical Research Laboratories,
Wright -Patterson Air Force Base, Ohlo, 1962.

Taylor, E.R., "Physical and Physiological Data for Bicastro-
nautics," Presented at USAF School of Aviation Medlcine,
Randolph Air Force Base, Texas, 1958,

Thompson, H.C. and Gerdeman, J.W., "An Improved Method for
Sterilization of Agar Medla with Ethylene Oxide," Phytopatho-
logy, 52:167-168, 1962.

23



o6,

27 .

o8.

29.

20.

31,

32,

Topley, W.W.C., and Wilson, G.S., The Principles of Bacterio-
logy and Tmmunlty, Vol. 1, Edward Arnold and Company, London,
England, 1931,

Van der Wal, L., "Sanitation in Space," Journal of the Water

Pollution Control Federation, 32:333-343, 1960,

Wallman, H. and Barnett, S.M., Water Recovery Systems (Multil-
variable), WADD TDR-60-243, Wright Air Development Division,
Wright -Patterson AFB, Ohio, 1960,

Wheaton, R.B., Symons, J.J., Roth, N.G., and Morris, H.H.,
"Gas Production by Stored Human Wastes in a Simulated Manned
Spacecraflt System," Biologistics for Space Systems Symposium,
AMRL-TDR-62-116, Aerospace Medical Research lLaboratories,
Wright -Patterson Air Force Base, Chilo, 1962,

Zef'f, J.D, and Bambanek, R.A., Development of a Unilt for
Recovery of Water and Disposal or Storage of Sollds f'rom
Human Wastes, Part 1 - The Study Phase, WADC Technical Report
Hho-bo2( 1), Wright Alr Development Cenfer, Wright-Patterson Air
Force Base, Ohlo, 1959,

zeff, J.D. and Bambanek, R.A., Development of a Unit for
Recovery of Water and Disposal or Storage of Solids Irom
Human Wastes, Part II - Design, Fabrication and Testing of
the Prototype System, WADC Technlcal Report 58-562{I1),
Wright Alr Development Center, Wright-Patterson Air Force
Base, Ohio, 1960.

zeff, J.D., Neveril, R.B., Norell, M.W., Davidson, D.A. and
Bambenek, R.A., Storage Unit for Waste Materials, ASD-TDR-
61-200, Aeronautical Systems Division, Wright-Patterson Air
Force Base, Chio, 1961.

54



APPENDIX I
PROCESS DESIGN COMPARISONS
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FREEZE DRYING OF MIXED WASTES

WEIGHT AND VOLUME OF SPHERICAL CONTAINER

Basis: 7 men/14 days

Waste
Type of Waste/man/day (gm)
Feces 150
Bags of Tlssue 50
Urine 1500
Total/man/day 1700

For these calculations, we have used 1530 gm H

170 gm solids (10%).

Water
(gm)

e

112.5

1425,0
1537.5

Solids
(gm)

37.5
50.0
_15.0
162.5

2O (90%) and

Zef'f and Bambanek (Ref. 31) determined the specific volume
of solid waste to be 11 em3/pm. Since only feces, bags, and
tlssue will be treated in this study, we have assumed a value of

5 em3/gm, which is a conservative figure.

Agsuming that all the water in the waste is evaporated in
one day, the storage volume of the wastes can be computed from

this equaticn:

V = (1530 + 170 V_D)M
When V = storage volume required in cm3
V., = bulk density of solid waste in cc/gm
D = Migsion length in days

M = erew size

The storage volume is primarily affected by the size of the

crew and secondarily by the duration of the mission.

The follow-

ing sample calculations are based on 7 men for 1& days:

]

v
V = [1530 + 170(5) (14)] 7
V = 94,000 em3 = 3.32 £t°

(1530 + 1?0VSD)M

3
e, 43 6V
Vo= B a- = o
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a3 = 180,000 cm’

d = 56.5 cm = 22,25 inches I.D.
Wt of Aluminum Sphere 0.l-inch gauge, density = 0.098 lb/inch3
0.D. Sphere = 22.45 in. I.D. = 22.25 in.

Volume of metal = g (O.D.3 - I.D.3)

= (22.453 - 22.253) = 156.5 inches>

Wt of Al = (Volume) {density)
= 156.6 x 0.098 = 15.4 1b
WEIGHT OF INSULATION
Insulation 3/8-inch thick; density 0.0015 lb/inch3
Basis: 7 men for 14 days
I.D. = 22.45 inches 0.D. = 23.20 inches,
Volume of insulating shell = g (P3.203 - P?.H53) = 610 inches>
Add 15% for Jjoints and door
¥ = 700 inches>

Wt of ins. (volume) (density)

1l

Y00 x 0.0015 = 1.0 1b
WEIGHT OF CABIN AIR LOS3S3
Free volume in sphere at day 1 = 87,300 em>
at day 14 = 10,700 cm>
Average free volume of alr for 14 days

87,300 + 10,700
2

Total volume of gas lost = (14)(49.0) = 686 liters = oi,» £t

= 19,000 em3 = 49,0 liters

Assume all air to be removed in process each day. Then the
welght of gas can be computed by the gas law

PV::I]RT
PV
n =g

P = 7.35 psia
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= oh.2 £t

v
T = 530°R
R = 1543
n = Number of lb-moles
M.W. = 29.6
n = —TW(T.BB) (1415”3(24'2) = 0.031 1b-moles

Wt of air lost = (n)(M.W.)
(0.031)(29.6) = 0.91 1b
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INCINERATION OF FECES

WETGHT OF INCINERATOR SHELL

3 The bulk density of the bagped fecal matifer is taken as 5
em”/gm. The mass is 200 gm/man/day.

Volume per man per day ig then:

5 x 200 = 1000 em>/man/day

or 7000 cm?/day for 7 men

Add 20% for free space:

7000 + 1400 = 8400 cm3

A series of computations was made to determine optimum cylin-
der dimensions. This cylinder 1s 9 inches in diameter and & inches
in length.

The basilc cylinder wall will be made of CRES 316, 3/16-inch
gauge and ends of 3/8-inch plate. Density of CRES 316 is 0.29

1b/inch3.

To obtaln weight of basic shell, the metal volume 1s deter-
mined and converted to weight.

Volume of metal shell = 2 ends + cylinder shell

a2
= 2 (=) (3/8 inch) + (A,-Ay)(8.08)

Ay = 92 x = 63.6 inch®

2 (63.6)(3/8 inch) + (69.2-63.6) (8.04)

[l

A, = 0375° x [ = 69.2 inch®

= 47,8 + 45 = 93 inches3
Weight of metal shell = (93)(0.29) = 27 1b
The welght of the furnace door and lock is estimated at 6 1b.
WEIGHT OF INSULATION

The i1nsulation will be 4 inches of 85% MgO with a density of
0.0145 1b/inch3,
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The net volume of insulation is the difference between the
volumes of two concentric cylinders. The inside cylinder 1s 9.5
inches in diameter and 8.5 inches in length. The outside cylin-
der 1s 17 inches in diameter and 16 inches 1n length.

Vo=V~

(17) 2(1) (16) - (9.5)B()(8.5)

3640-605 = 3035 inches>
Weight of Insulation = 3035 x 0.0145 = 44 1D
WEIGHT PENALTY FOR OXY¥GEN CONSUMPTION

For each man's fecal waste (200 gm/day) there is 112 gm free
water and 88 gm of solids,

Fach 88 gm of solids has the followling weight relationships:

Wt /man/day Wt/7 men/day
Element Percent (gm) {gm)
C 39.7 34,9 ol
H, Total 5,8 5.1 26
0, Combined 30.4 06,7 187
N, 8.9 7.9 55
Ash 15,2 13.4 ol
H, Free 1.8 12.6

Oxygen Required for Tnecineration

Wt /7 men/day

(gm)

¢+ 0, —CO, 651
2H, + 05— 2H,0 286
Sub Total 937

Less combined 0, 187
Theoretical O2 THO
20% Excess 0, 150
Total Oxygen 900

Total Oxygen in 1b 2.0
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Wt penalty for oxygen = 2.0 1b.

Wt penalty for containers based on cryogenic storage =1 1b of
contalner for 1 1t of oxygen.

Oxygen storage contalner = 2.0 1h,
WEIGHT PENALTY FOR POWER

Power Input

The power input can be estimated according to Nuceclo et al.
(Ref., 17), from a system energy balance stated as:

Qi+an=st+st+Qe+ng+Ql+Qf
where:
Qi = Heat 1nput
e = Net heat of combustion
= Heat of sensible wastes
Q = Heat of senaible system
Qu = Latent heat free water
Qs = Sensible heat of gases
Ql = Net heat losses
Qf = Heat of fusion, polyethylene
From data at hand, gll these quantitlies cannot be accurately
determined. TIf the assumption iz made that the net heats of com-

bustion are offset by the sensible heat of the system plus the
heat losseg, then the heat balance can be gtated as:

U = Yy T Yt Gt Gy

A1l the terms on the right side of the equation can be cal-
culated,

Q,, Calculation Wt ,em Ch At,%C Kg cal/day
Feces 88 0.40 TUS 26, 2
Water 112 1.00 105 11.8
Paper 10 0.30 Th5 2.3
Bags 40 0.30 110 13.2
Base temperature for At = 15.6°C 73.5
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Qy = 73-5 Ke cal/day/man
Qg for 7 men = 515 Kg cal/day
Qé Calculgtion

Latent heat of water at 250°F = 525 cal/gm
112 {525} = 58.75 Kg cal/day/man
or 412 Kg cal/day for 7 men

Qf Calculation

Heat of fusion of polyethylene 1s 23 cal/gm
4O gm polyethylene/man, or 280 gm/7 men
(280 (23) = 6.44 Kg cal/day

ng Caleculation

Basis: 1 man/day

The composition of exit gases with 20% excess oxygen at QBOOF.

C0, from carbon = (34.9)(%%J = 128 gm
N2 from feces = ignore

02 excess = 21.5 gm

1,0 from dry waste = 5.1 x %;- = L6 gm

Total wt of gas = 105.5 gm

Assuming no heat exchange between the exiting gases and the
incoming oxXygen, the enthalpy of the waste gases can be estimated
by decrements from 250° to 1400°F. The decremental increases are
shown on the feollowlng page.

Y = Quy * Qp + Qg + ng
Q = 515 + 6.44 + 412 + 191

1l

1124 Kg cal/day

Assuming l2-hour cycle, then

Q in Kg cal/hr = l%gi = 95 Kg cal/hr

95 Kg cal/hr = 110 watts

Power Input is 110 watts

Wt penalty for power is 0.300 1b/watt
Wt penalty = (110)(0.300) = 33 1b
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1

10

Total gas

Decrement # Gas

Wt gm cal/gm/°C At ,OF Subtotal
(gm) {cp) t%f (£-60) Q-(gm/cal) (gm/cal)
12.8 0.230 307 247 404

2.15 0.230 (1379C) 58

4,60 0.460 190 752
12,8 0.265 422 362 682

2,15 0.235 {201%) 103

4,60 0.470 426 1211
12.8 0.270 537 477 915

2,15 0.237 (265°C) 135

4.6 0.475 576 1626
12.8 0.272 652 592 1145

2.15 0.240 (3299) 170

4.6 0.480 726 2041
12.8 0,275 767 707 1385

2,15 0.245 (393%C) 206

4.6 0.480 870 2461
12.8 0.280 882 822 1640

2.15 0.247 (4579¢) 242

4.6 0.500 1050 2932
12.8 0.281 997 937 1870

2.15 0.255 (520°C) 286

4.6 0.510 1220 3376
12.8 0.285 1112 1052 2135

2.15 0.260 - (5859C) 326

4.6 0.520 1380 3841
12.8 0.290 1227 1167 2405

2,15 0.262 (648°C) 362

4.6 0.525 1560 4327
12.8 0,292 1342 1282 2660

2.15 0.265 (712°) 403

4.6 ©.530 1735 4800
195,5 gm Total Enthalpy 27.367 K_ cal/day

QBB for 7 men 191 Kg cal/day &
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STORAGE OF FECES IN CANS

WEIGHT PENALTY

Pasis: 7 men/l4 days

Outside dimensions of friction 1id can = 11 em dia., x 11 cm long
Volume = 1000 em- Wt = 0.32 1b

Capacity of can = 950 cm3
Capacity of can at 25% head space = T10 em>

Bagged feces-rolled and packed tightly has a density of approx.
0.9 gm cm3; at 200 gm per man/day = 222 em>

%%%—= 3.2 men

One can will hold the packed fecal waste of 3 men, Then
the number of cans required willl be:

(7)(14)(1/3) = 33 cans

Wt of cans = (33)(0.32) = 10.6 1b
VOLUME PENALTY

Tt 1s intended that the cans before use for feces will be
uged to contain stored food. The volume penalty is, therefore,
the difference between an 1ll-em cube and a cylinder 11 cm in diam-
eter and 11 cm long.

For each can this isg:

1321 - 1000 = 331 cm3

For 7 men/ll4 days the penalty volume is:

331)(33) _ e 3
=5 = 0.386 ft
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COMBTINED COLLECTION AND STORAGE OF FECES

VOLUME OF COLLECTION SPHERE
Basis: 7 men/14 days
The volume required will be the volume of the feces, the 3)

volume of the wipes and a reserve volume of 2 liters (122 inches
Taking net density of feces as 1.0 g/cm3.

_ so(7) (14 _
Wt of feces = ——mr— = 32.3 1b

Volume of feces = (32.%;(&728\ = 897 inches>

Volume of wipes:

At 3 wipes/man/day, an expanded volume of 6 om?/wipe, and
a stored density of 6.05 1b/ft3,

where: 1 incho = 16,39 em>

v = 37 109 inchesd

|

Y(14)(6)
16,30

Reserve volume = 122 inches3
Required total volume = 1128 inches>

To determine I.D. of sphere:

3
md
V=5

d3 = (1128) (6) = 2170 :’anhes3

d = 13.0 inches
WEIGHT OF INNER SPHERE
Material 30 mesh aluminum screening at 0.005 1b/ft2
A = 7D° = 3.14 (16G) = 530 inches®

_ (530} (0,095}
W o= T = 0.35 1b

Inner Sphere Baffle Disc
Estimated Welght = 0.1 1b
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WEIGHT OF OUTER SPHERE

Material: Bullt up fibgrglass, 3/32 inch wall thickness,
0.05 1b/inch3 on outside surface, 1/4 inch spacers

D; = Inside Diameter = 13.0 + 2(0.25) = 13.5 inches
D, = Outside Diameter = 13.5 + 2(3/32) = 13.69 inches
_ T 3 3
V = z (De - Dy )
= 0.523(2656 -~ 2460) = 55 inches>
Wt = (55){0.05) = 2.75 1b

WETGHT OF NYLON FELT LINER

Material: ©Nylon felt single ply - 1 sq. yd., weight -~ 4 oz.
Surface of immer sphere is to be covered with 1 ply.
1 sq. yd. = 1296 inches®

A = W(D)2 = 169 inches®

Weight of Nylon Felt/inch2 = 9;22_19__2
1296 inch

Wt = 169(0.25) _ 0.03 1b

1296

The total weight of the collection assembly is:

Wt of tissue wipes (storage) 0.38
Wt of inner sphere screening 0.35
Wt of outer gphere 2.75
Wt of felt liner 0.03
Wt of spacers 0.02
Wt of disc 0.10
Wt of cover 0.77
Wt of legs 0.10
Wt of carbon filter shell 0.20
Wt of bacteria filter shell 0.10
Wt of activated charcoal 0.27
Wt of fllter assembly and anchors 0.25
Wt of 2-way valve 0.24
Wt of screens 0.07
Wt of misc, fittings 0.50
Wt of seat cushion 0.34
Wt of assembly 6.47 1b

WEIGHT OF CABIN ATR LOS3S

Basis: 7 men/14 days
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Assuming 7 defecatlons per day:
Free volume at start = 1128 inchz
Free volume at 14 days = 122 1neh>
Average vol. per day = 625 1nch3
Average volume per day is assgumed for each defecatlon.

Total volume of alr lost In space 1s:

(DUEZAY) _ 555 743

Cabin pressure = 7.35 psla
Sphere pressure at full blower suction = 6.85 psia
The weight of 1 lb-mole of cabin gas = 29.6 1b
From the gas law:

FV = nRT

PV
- RT

jn

= Presgure in psia
= volume in ft3

= 530°R

= I B L

= 1543

number of lb-moles

o
n

n = ié%%%%é%%g%é%i;gl = 0.0352 1b-moles

Wt of logt cabin gas ia:
Wt =n (M.W.) = {(0.0352)(29.6) = 1.15 1b

WEIGHT OF BLOWER

Eztimated at 3 1b

WEIGHT OF POWER PENALTY

Capacity of blower 5cfm at Ap 1/2 psia or 14 inches water
1 inch water = 5.19 psi
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PV/min, _ (5)(5.19) (14) _
hp = ?26_0_6__ - 25560 = 0,0111 hp

Assuming mech eff, = 50%

0.0111
0.50

Line hp = = 0.0222 hp = 16.5 watts

Wt Penalty for power = 16.5 (0.30) = 4.95 1b
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APPENDIX IT
SYSTEM DESIGN CALCULATIONS
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SIZE OF COLLECTION VESSEL
Basls: 7 men -~ 15 days
The volume required (Vs) will be the volume of the feces
V.) plus the volume of the“tissue wipes (V ) and a reserve
vo{ume (V of 25%.
= Vf V + V
Assume density = 62.14 1b/ft3

Daily production per man = 150 gm
(1501 (15) _ 35 1

Total feces produced =

= 965 inches>

v _ 35 x 1728
= T 6a.0

Expanded volume of wilpes = 6 cm3/wipe; (1 inchS = 16.4 emd)

3 wipes per man/day

v, = (6)(%%553(15) = 116 inches>

V. =7V

- 3 _ 3
5 e+ V, + ¥V, = 1081 inches” + 0.25 v, = 1440 inches

If volume is a sphere, then the dlameter (d) can be found from

m>
6

3 _ (1440) (6)
R P

V =

= 2750

= 14 inches
SIZE OF ACTIVATED CHARCOAL FILTER
Assumptions:
(a) Noxious gases adsorbable from fecal decomposition:

H. S = 100 ppm; odoriferous organics = 200 ppm

2
(b) Density of feces = 1 gm/cc

(c¢) Average MW of noxious gases = 80

(d) Density of activated carbon = 0.5 gm/cc

(e) ILoading = 0.8 1b adsorbate to 100 1b adsorbent
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Feces produced/day:
(7)(150) = 1050 gm/day
Volume of Gases Formed:

According to Wheaton et al. (Ref. 29) the volume of gases
produced follows the relationship:

V =223+ 2,155 log ©

where: V is volume in standard ml/gm of feces and t
18 decay time for a given quantity in days.

By summing the total productlon of gas for each day's 1lnere-
mental addition over the appropriate storage period, a total
volume of 62.5 standard liters is obtained in the 15-day period.
Wt of Noxlous Gases Produced:

(62.5 liters) (300) (10°) x 80 gm/mol
22,4 liters/mol

= 6.7 x 1072 gm

Loading = gﬁg-adsorbate by weight

Actlvated Carbon Required:

-
é;Zéig_—L:x 100 = 8 gm carbon

Volume of Activated Carbon:

Volume of Cartridge Cylinder, 2 1/2-inch dlameter and 5 1/2-inch
length

V = 27 inchesS = U440 cc

Safety Factor 1in Design:

I = 27

PRESSURE DROP IN FPIPING

Flow: 5 cfm cabin air MW = 29.6
PV = nRT P = 7.35 psia
n = L3001 (7.35) (144)

3 (53
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0.389 lb-mol/hr

29.6 (0.389) = 11.5 1b/hr

It

300 crh
= 1543

B m g = 2
I

= 530°R
Alr Density at 7O°F and 7.35 psia = 0.0382 1b/ft3

Pressure drop per hundred feet of plpe for gases may be calculated
from:

AP = (3.36) (1071 _£Wsy
100 = 5

Where: I is friction factor as a functlon of Reynolds Modulus, Re

1

Mass flow in 1b/hr

Specific volume in ft3/lb or 1/density

ID of pipe or tube

632 W

0.0193 at 70°F

o = {63 ety - om0

W
v
d
Re

il

1L

f = 0,0425

For 3/4-inch OD and 0.035-inch tubing,TID = 0.68 inches; d° = 0.145

-k -2 2
AP]_O - L3.36) (10 )(45-25) (1077 (11.5) = 0.342 pSi/lOO £t
(1.45) (107%) (3.82) (1072)

Eoulvalent lengths of tubing per fltting:

Length No. in System Total Length

Angle Valve Open 8.5 £t o 17.
Close U Bend h,5 £t 1 h.s
Std. Tee 3.5 't 1 3.5
Std. Elbow 1.5 ft 2 3.0

28.0 rt
4_foot flexible hose h,o
Total length of tubing 3.0

35.0 't
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AP in piping = (35) x (0.342) = 0.120 psi

I

AP through fllters 0.055 pst
AP Total = 0.175 psi
0.175 psl = 4.85 inches of water.

Design for 5 cfm against 6 inches water static head
POWER REQUIREMENTS FOR BLOWER

V x 5.202 X inches HQO statie
Fan hp = 33000

_ (5)(5.202) (6)
33000

0. 00475 hp
hp _ Fag h?

0.0?275 = 0,0238 hp at overall efficiency 20%

Power = Ti46 x 0.0238 = 18 watts

Based on the above, the blower selected for this service was
a Rotron Type RS-201, radial vane blower, 19000 rpm, 5 c¢fm at 6
inches water statlc head, 400 c¢ycles, single phase, 115 V. a.c.,
22 watts Input.
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