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A REVIEW OF LITERATURE

As recently as 1965, A, R. Dasler and D. Minard® recognized a lsek
of literature useful in guldeing research to determine survival requirements
for shelter habitation. There was little information then available to yleld
a predictive scheme for the probability of healthy survival of a group of
unacelimatized individuals, Dasler and Minard refer to the Navy Shelter
Habitability Trials of 1962 which (in two sets of 14 day tests) information
useful to devise such an experiment, Some of the basie questions addressed
by Dasler and Minard were: how might the amount of water required be predic-
ted and upon what envirommental factors does it depend, and can man withstand
prolonged exposure to 85° F, Effective Talperaturez for two weeks continuously
without adverse results? They found 82°F, E T to be a threshold value for
heat rash, in the sense that treatment of heat rash was ineffective at some
ET higher than 82°F,, in the trials upon which they report.

Wy'ndham26 reports that in South African mines, 82°F. ET is an
acceptable temperature for 6 hour exposure for miners at an intermediate
level of activity, providing the miners are acclimatiged to the task,

R, Steinkamp>? reports on the ability to estimate total body water
by use of a skin-fold thiekness measurement technique. This method has been
shown to agree quite well with other means of assessing total body water,

An assessment of total bedy waﬁr on an individual basis together
with 2 determination of metabolic rate would allow the design of an experi-
ment to determine the relationshlip between these two measurements and some
eriterion defining sucecess or failure in a shelter survival trial, Such a
criterion might te 7% cumulative body water pool loss as a percentage of
initial subject weight at the start of a shelter stay, as this value is

suggested as "Very Severe" dehydration by Leithead and Lini16.



E. F, Adolph, et. 31.1 refer to observations of subjeets in desert
conditions which yield guideing conecepts fer survival at high values of ET
(Effective Temperature), however these tests are not generally concerned with
shelter situnations.

Leithead and Li.n:;l"6 have provided many references to other work
applicable to a study of water requirements for shelter survival. They cite
Bedford and 'I'J'.'ev:lt'e3 who recommended that even for men stripped to the waist,
every effort should be made to keep the wet-bulb temperature at or below
26.7°C. (80°F.). They also reported on a survey in German mines which indi-
cated that an ET of 28°C. (82,4°F.) might be considered the thermal limit for
full production from aeclimatized miners for short shifts.

The ASHRAE Handbook of Fundamentals? indicates that the effective
temperature (ET) index is most applicable to warm atmospheres where radiation
effects are not significant. This apparently limits the applicability of ET
in a mine or other eclosed space unless some allowanes is made for the effect
of radiant heat exchange with the surrounding surfaces, especially if the mean
radiant temperature (MRT) [ASHRAE Std. 55-66] is significantly different from
the dry bulb temperature. Air velocity must also be considered.

Leithead and L:Lnd16 reported that in air temperatures ranging from 5
to 30°C. (41 to 86°F.), body temperature rose during work to an equilibrium
level that was determined by the rate of work and was independent of the cli-
mate; the conclusion was presented that this rise of body temperature was a
physiologically controlled response and was not in any way due to inadequacy
on the part of the thermoregulatory system.

These guidelines provide an indication of the envirommental condi-
tions which might be applicable to 2 shelter situation, however much of the
literature refers to physically fit, aceclimatized individuals., These were

classified as such by a clinlcal judgement which will be required to



effectively evaluate further tests,

Leithead amd L:Lnt:l16 in their suwmmary on the pathogenesis of heat-
stroke and heal hyperpyrexia state that thermal sweating may be reduced by
water depletion, febrile infections or the injection of pyrogens, fatigue of
the sweating mechanism, and possibly also by a rise in venous mressure.

There have been several methods proposed for determination of the
effects of the evaporative heat transfer mechanism and this paper presents a
determination by considering either the solids which leave the body (as in a
physiological technique using the coneept of clearance)19 or the water which
leaves the body by various means, as these two approaches have been found to
be at least mathematically equivalentzs.

Leithead and Lirﬂ16 indieate a funetional deseription of evaporation
as a means of heat exchange as: The present concept of heat lost by sweating
is more complicated than heat exchanges by other channels. Humphreys, et. al.‘l2
McNall1?. Hebbzu, and Hoodc.ock25 and others allude to the complexity of other
heat exchange mechanisms, and indeed all mechanisms are complex. In the case
of evaporative heat exchange, other materials on the skin may affect the evap-
oration of water, espeelally in enviromments where the partial pressure of

water vapor in the surrounding atmosphere approaches (from below) the partial

pressure of water vapor at the temperature at which sweat exists on the skin.



INTRODUCTION

Prolonged occupancy of Civil Defense Shelters may impose Physiolog-
ieal and psychologieal effects on the oecupants. Since the internal environ-
ments of these shelters 1s expected to be hot and humid, it is likely that
the thermoregulatory mechanisms of the body will be stressed. Under these
conditions, heat loss would have tc be inereased to malntain a constant body
temperature, As a major avenus of heat loss in the human is through sweating,
water must be available to replace this loss or dehydration will oecur.

Beeause of their importance te human 1life, watsr requirements in
normal and adverse enviromments have been the subject of numerous studies.
One class of suech work eontains the survival studies conducted primarily by

1'8’13‘. In these studies, the subjects, typieally,

military organizations
were allowed as much water and food as they desired, With limitless water
and food, their physiologieal response was measured as a funection of the un-
controlled enviromment to which they were subjected. Another class of studies
treated the comblination of uncontrolled enviroment and limited feod and water
supply1 .

However, it seems that no information is avallable in the literature
dealing with the combination of eclosely eontrolled enviromment and limited
food and water intake. Although nothing specifleally applicable to this prob-
lem was loeated, it was possible, from the literature, to identify and isolate
some factors in addition to water availabllity, which influence water require-
ments in shelter-type enviromments.

The studies noted above indicate the effeects on "health" of a2 num-

ber of parameters which are listed at the top of the following paga.

*The superseript numbers refer to the list of references,



1) Envirommental Conditions
a) Dry Bulb Temperature
b) Mean Radiant Temperature
¢) Wet Bulb Temperature or Dew Point Temperature
d) Air Velocity
2) Age, Sex and General Health of Partieipants
3) Activity Level
4) Length of Exposure
5) Psychologieal Effects

6) Nutrition

Obviously, the water ration stocked in shelters appears tc be a
primary faetor determining shelter oecupaney levels or oceceupaney length., Thus,
the intent ¢f the present study is to provide the following infermation on
water requirements for shelter occupanéy: Following the guidelines of the
Offiee of Clvil Defense, the specifie purposes of this study are to determinme,
for a2 sample population of human subjeets in a simulated shelter envirorment
at 82°F Effective Temperature --- (1) whether a water ration limited to 1 quart
per day per person is adequate for a 14 day exposure; and, if not, (2) to find
an adequate water ration for 14 days and to determine its physiological value;
ard also, (3) to find the total days of exposure for whieh 1 quart per person
per day is adequate, as well as the total resident time in days for which 33
gallons of water per person is adequate, as this is the current storage amount.

The tests were designed to allow observable water depletion to cceour
but were limited in duration to effect no long term damage to the subjects.
Moreover, because the test purpose was to determine water requirements in
shelter-type conditions:; test chambsr enviromment, voluntary population sample,
activity level and length of exposure were chosen as typical of those which

would be encountered in shelter nsage8'17'18_



Details of the test chamber and its capabilities have been described

slssnhers! 2700, Tt is ihie KSU-ASHRAE test chamber Iocated in the Insiituts

for Envirormental Research at Kansas State University.



MATERIALS AND METHODS

Details of the test chamber have been previously noted13'21. It was
equipped with 16 bunks, 16 folding chairs, 2 folding card tables, and a portable
toilet (Fig. 1). The portable toilet was set up in one corner of the room and
was surrounded by 2 privacy sheet hung from the ceiling. A buzzer was instsl-
led to alert the monitor when a specimen was collected. Color TV was provided,
but the viewing hours were restrieted. Cards, games, and magazines also were
provided.

The temperature and humidity conditions were selected as those most
likely in a shelter enviromment. Thus, in all of the six tests reported here-
in, the test chamber was maintained at 82%0,3°F. ET (86°F. dry bulb temperature,
80°F. wet bulb temperature, and air velocity approximately corresponding to
37.5 air changes per hour), The walls, floors, and ceiling were maintained at
about 86°F, This condition was held from the time the subjects entered the
room at the start of each test, until the end of the test. During tests of §5
to 10 days duration, there were short periods of power interruption and equip-
ment malfunetion experienced. However, in six tests, there were only five
such cases, the longest (15 minutes) oceuring in the first test resulting in
cooled walls (5 to 10°F lower than DBT) which provided only a brief period of
total darkness with wet walls. The effect on the tests of these occurances
was felt to be small and was disregarded in the analysis. Table I shows de-
scriptive informatiion for the individual tests.

Subjeects: The 16 subjects for sach test included: 8 between the ages

of 17 and 25 years, and 8 betwsen the ages of 40 and 50, Both male and female

subjects were used, but only one sex for eaech test. The younger group was

selected from volunteers of the Kansas State University student bedy, with
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Figure 1: Test Room Arrangement
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their department's permission. The older group was recruited from volunteers
from the community at large, ineluding the Fort Riley Army Post 15 miles dis-
tant.

All subjeets signed a notarized release ( Apperdix A ). They pro-
vided their own shoes and suitable underclothing. They were provided with a
pair of socks, trousers, and a shirt., They were allowed to adjust their cloth-
ing during the test within the limits of decency. They were provided with one
set of eclean sheets to cover their plastic-enclosed mattress and one turkish
bath towel for the duration of the test. Facial tissues were available for
local cleaning purposes. No general tooth or skin cleaning was permitted ex-
cept for mediecal reasons. Less than 20% of the subjects needed special mouth
wash or skin rash attention, ete.

Activity Levels: The activity levels of the subjects were considered

to be between basal and sedentary, with 2 welghting of 16 hours each day allot-
ted to sedentary activity, and 8 hour§ considered to be basal. The metabolic
rate was related to that of a2 standard man having a metabollc rate of 372 BTUH,
and using a form of the Standard Metabolic Rate Equation15. the estimated meta-
bolic rate of the individual subjeets was calculated on the basis of thelr
arithmetic mean welght during a 24 hour period.

Length of Exposure: As can be noted from Table I, the tests were run

for variously 5, then 9, then 10 days. The tesis were set up this way to allow
for experience to guide the 1dngar tests based upon the records of the shorter
tests., It also allowed the varlous research teams to establish safe procedures
for administration of the several areas of interest of the testé. which ineclud-
ed studies by Engineers, Nutritionists, Physiologists, and Psychologists.

These procedures are reported in Apperdix B.

Rations: Water and food were dispensed four times each day. Rations
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were dispensed on a per person basis only, taking no account of variation in
body weight or metabolie rate. This was felt to be the most practical simu-
lation of a real confinement, Appendix B shows the approximate procedure
schedule followed in all tests.

Monitor: There was a registered nurse in attendance at all times
as well as two monitors, who were students, In addition, one person who oper-
ated the envirommental chamber was available for emergencies or peszk perilods.
A physiecian was on call at all times, and he visited the subjeects each day.
The investigators were also on call on a scheduled basis,

Pre-test Procedure: The subjects were recruited and signed up at

least one week prior to the test, Appendix C shows the orientation informa-
tion given to them, and the subject card information. Each subjeet received

a physical examination during the week prior to the test. The physician was
also asked to comment on the subject's general condition. A blood sample was
taken and among other tests, a protein bound iodine test was run as in indiea-
tor of basal metabolie rate.

Test Procedure: Upon arrival for the test, the subjeets were welgh-

ed in their issued e¢lothing. Oral temperatures and blood pressure were record-
ed. Then the subjects were admitted to the test room. During the test, oral
temperatures, blood pressure, and heart rate were observed every four hours;
weights were taken every 12 hours; and other data was taken as ennumerated in
Apperdix B, All inputs to each subject (food, water) and all outputs which are
observable (urine, feces, saliva, blood samples, menses, vomitus, etc.) were
measured and their volume (or weight or number) recorded along with the time
of the partieular sample, for each individual subject.

Psychological tests were administered by a psychologist during the

tests to determine the changes in group functions and relations.
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No physical exercise equipment was provided. Physical exerclise was
ad 1lib, and less than 5 percent of the subjects sustained any regular cales-
thenies, The tests concluded after brseakfast on the final day., Post-test
data were taken and all subjeets were given physical examinations before being

released.



BODY WATER POOL LOSS ANALYTICAL MODEL

For purposes of data organization and analysis and reporting of re-
sults, an anslytical model of the human water pool was developed. The primary
difficulty in developing the model for the change in water pool was to decide
if the pool deseribed by the engineering approach is the same poel to which
reference is made in physiologieal 1:Lteratu:re16. The apprcaches to analysis
are markedly different, and yet it has been confirmed that, with the proper
substitutions the resulting definitions are in faet identica127'28. The model
used material balances and an energy balancle to define the change in the body
water pool, It was not concerned with the absolute size of that pool, but
only with the changes in its size over a chosen period of time.

First Material Balance: Assuming conservatlon of mass, for the body:

INPUT - OUTPUT =  ACCUMULATION, (I.1)
where INPUT refers to masses which enter the body, OUTPUT refers to all masses
whiech leave the body, and ACCUMULATION refers to the change in mass of the body.
Taking an individual subject as the system, and 24 hours as a reference time

period, the inputs, outputs, and accumulation are defined as follows:

INPUTS ACCUMULATION QUTPUTS

Food - >| Finel Weight + > Urine

Water --— = -*~--—+-$ minus ..___ --— » Feces

Oxygen s b—-il Initial weight h, = == - » Saliva

Carbon Dioxi&e—ﬁi E— ------------ > Menses

|

Nitrogen —--u——--—y{ s t———~-~-—~---> Vomitus

| B Be e sevee o > Blood

C T > "Evaporation”

s - oo 3= OXygen

S - » Carbon Diexide

> HNitrogen
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Since all of the quantities in the diagram can be measured direetly, except the
gas exchanges and the "Evaporation®, this balanee was used to determins the
"Evaporation®., Since the values for the oxygen and carbon dioxide may be
calculated from the energy balance desecribed below, oﬂly net effects were con-
sidered., Oxygen was considered an inpuf. carbon dioxide an output, and nitrogen
was ignored. Other changes which occur in the mass of the system which were not
included in the 1list as inputs, outputs, or accumulation appear as part of the
“Evapor#tion“ which was determined by difference. It is felt that the error in
this approach is small. Hence the quotes on "Evaporation”,

Energy Balance: All of the metabolie energy produced in the body

arises from the use of some fuel, In a situation of starvation, the amount of
energy which can be generated by utilizing food is not sufficient to make up
the total metabolic requirement. The remainder comes from the metabolism of
tissue.

METABOLIC ENERGY = ENERGY FROM FOOD + ENERGY FROM TISSUE (I.2)
Since the nutritional composition of the food was known, the atllization of each
component could be estimated15 and the energy from food could be approximated.
The subject's metabolism was estimated from his weight and general actlvity
1eve115. This ylelded an estimate of the energy from tissue, Assuming a ecomp-
osition for metabolized tissnez7(uhich can be verified by nitrogen balance), the
mass of the metabolized tissue was found from energy considerations. With the
composition of the food metabolized and the tissue metabolized, the oxygen con-
sumed and the carbon dioxide produced were caleculated. This, then, allowed
calculation of the "Evaporation” term in the first material balance.

Second Material Balance: Using equation I.1, for a system defined as

the total amount of water in the body and the chosen time period as 24 hours,

it was possible to find the acecumulation of the body water pool. The accumula-
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tion in this case was usually negative, and as pletted in the results it is

referred to as depletion (a positive quantity).

INPUTS ACCUMULATION OUTPUTS g
Water in food — -+ Water in urine 97.6
Water as Water — > Final Total Body Water | > Water in feces 70.0
Water from metabolism minus L » Water in saliva 97.6
of food

Initial Total Body Water | Water in menses 95.0

Water from metabolism
of tissue > —+ Water ln vomitus 95.0
L » Water in blood 95.0

l—ywater by evaporation 100.0

Water by evaporation as used here was determined from the result of
the first material balance. It has been assumed that evaporation is all water.
It is known that perSpiraf.ion is composed of many body wastesu, but the error
introduced by this assumption is thought to be small., Other than this term,
the only unknowns in equation I.{ applied to this system are the accumulation
and the water from metabolism terms. The % column lists the assumed or measur-
ed percentages (by weight) of water in the outputs, which were used for the
treatment of all subjects' datazs.

The water from metabolism of tissue and food was calculated in a man-
ner similar to that used in the determination of the energy provided by the
food, Using the average composition of the feod, its fractional utilizatien,
and the assumed composition of the metabolized tissue, and using average values
for the water produced by each component (e.g. - grams H50 produced/gram fat
metabolized), the water from metabolism was caleculated., This, then, led to
the determination of the BODY WATER POOL accumulation term.

The analytical model so far described, then, is made up of three
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equations, At the conception of the analysis, these three equations include
at least thirteen unknown quantities. By application of several asswumptions,
the system of equations was reduged to one equation with one unknown.

Energy Balance: Acceptance of the principle of the conservation of

energy, allows the observation thet the differenee between the amount of energy
entering a closed system, and the amount of energy which leaves that system
must be equal to the energy stored in that system during any chosen time inter-
val. In the form of an equation, for a seleected time interval;

ENERGY INPUT - ENERGY OUTPUT = ENERGY STORED,
Applying this to the human, energy comes from (input): the catabolism of a
fraction of the food that is consumed; the energy content due to the tempera-
ture of the masses which are added to the system; and possibly input by radi-
ation and convection., Energy is released (output) from the body as: heat by
convection, radiation, and evaporation: and heat contained in the excreta from
the body. Energy can be stored in the body by changing the temperature of the
body, or by the anabolic processes which oceur in the body., In this model,
the following assumptions have been made with regard to this energy balance:
(1) The food was snalyzed to determine its composition (CHO,Fat and Protein),
coefficients of digestion were taken from the literature for each of the com-
ponents as they occured in the rations used, and the literature also yielded
accepted energy values (from bomb calorimetry studies) of typical components.
Application of the coefficients of digestion to the calorimeter values then
yielded the total of input energy from food. All other energy inputs were
considered negligible. (2) The result of the altered Standard Metabolic Rate

Equation was assumed to account for the total energy production. This model
was developsd, assuming that a male subject who weighed 160 1bs., had an aver-

age activity level which dictated that he produced 2250 keals/day (372 BTUH).
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In metric units, as the Standard Metabolic Rate Equation is, this can be stat-
ed as the produet of some constant and the 0.75 power of the subject's weight
in kg. e.g.- Constant x (72.576)%°75= 2250 keal/day. Determination of the
constant allowed caleulstion of the individual subject's daily energy produc-
tion. The main assumption in this regard, in addition to the use of the Stan-
dard Metabolic Rate Equation, was that all of the energy calculated by this
method was considered to be output. (3) Energy can be stored in the body as
heat, which would increase the body temperature. Energy can also be stored as
a result of anabolie processes (glycogenesis, gluconeogenesis, fatty acid syn-
thesis, ete.). Energy storage can also be negative, as in the case when the
body temperature falls, or when stored energy in the form of tlssue is released.
The assumptions in this regard were: bhody temperature variation as it related
to the energy stored, was negligible; (those subjects who did not meet this
eriterion werethe ones who were eventually removed from the test, therefore
this may be reasonable) and that most of the energy storage was in fact negative,
j.e, tissue was catabolized, its composition was 10% protein and 90% fat, This
assumption was indicated to be in error by the results of a nitrogen balance
study, but when the test sequence started, the assumption was the best datas
available, A better figure would have been 20% protein, 80% fat.

Summarizing, the energy balance was assumed as follows: the energy
which results from the calculation using the Standard Metabolic Rate Equation
is the net energy output from the subject and it came from the oxidizing of
some fuel, which could only be made up of the food the subject ate, and if this
was not encugh, some of the tissue of the subject. In some cases, subjects
gained weight on a given day and even throughout the whole test period. The
only justification of the "no anabolism" assumption in this case, if this did

in fact oecur, is that those subjects generated tissue in the ratio of 9/1,
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fat/protein., This was undoubtedly not the case, Probably their metabolic rate
was lowsr than predicted.

Specifieally, the equation used in the model was, for a time interval

of 24 hours,

WME™ Constant x (Mean subject weight for the day)o'?5 =

EA;TM Energy available from the catabolism of the food consumed +
E‘I;S{M Energy from the catabolism of tissue.

EAFIM was developed from (or by) the following relation:

EAFIM = Number of Crackers x Average Mass per Cracker x (Cracker Protein Mass
Fraction x (Energy Value/Mass of Protein) x Coeffiecient of Digestion of
Protein + Cracker Carbohydrate Mass Fraction x (Energy Value/Mass of
Carbohydrate) x Cosfficient of Digestion of Carbohydrate + Cracker Fat
Mass Fraction x (Energy Value/Mass of Fat) x Coefficient of Digestion
of Fat) x (1.0 - cracker Moisture Fraction) + Number of Candies x Aver-
age Mass per Candy x Candy Mass Fraction Carbohydrate x (Energy Value/
Mass of Carbohydrate) x Coefficient of Digestion of Carbohydrate x
(1.0 - Candy Moisture Fraction).

The constants required for this calculation are shown in the computer summary

sheets in Apperdix E,
Application of this equation then permitted the calculation of ETISMM,
From this value, the mass of the tissue metabolized was calculated with the
assumption of its composition, and assumptions made regarding the energy
contribution of the two components. For example:
MTISMM = Mass of Tissue Metabolized = ETISMM/(Energy produced per Mass Unit of
Metabolized Tissue) = ETISMM/(Fraction of Metabolized Tissue which is
Fat x Energy Value/Mass of Fat + Fraction of Metabolized Tissue which
is Protein x Energy Value/Mass of Protein).
It can be seen from the equation that 1t was assumed that all tissue which was
metabolized, was completely metabolized. Hence, no eocefficients of digestion

were necessarys in the equation.

Overall Mass Balance: The first material balance was developed to

allow the determination of "Evaporation®. Most of the terms are obvious enough
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not to require further explanation, The primary assumptions related to this
portion of the model relate to the evaperation (which is somewhat of 2 net
catchall term), and to the calculation of the masses of exchange of oxygen
and carbon dioxide. This gas exchange was at least as signifieant as the feces
on a mass basis., It was assumed that every net exehange not otherwlse aceount-
ed for in this balance, was evaporation.
Carbon Dioxide and Oxygen were determined in the follewing manner:
GMO2 = Mass of Oxygen Consumed per Subjeet for a given Day = the same expres-
sion as that for EAFIM except that the term "™Mass of Oxygen/Mass of
Component" replaced the term "Energy Value/Mass of Component”, and
additionally, a similar expression accounted for the Oxygen consumed
by the tissue MTISMM, which was metabolized.

@MCO02 = Mass of Carbon Dioxide Produced per Subject for a given Day = the
expression above with "™ass of Carbon Dioxide/Mass of Component" used,

When a subject gained weight, or at least when the caleulation showed that he

ate more food than was needed to provide the energy required for his aétivlty

level, the resulting anabolism of tissue, resulted in the produection of oxygen
and the comsumption of earbon dioxide, according to this model. This seems

impessible.
Body Water Pool Balance: The second material balance ealculated the

change in the body water pocol. Of the terms involved in this equation, all but
water from the metabolism of food and from tissue were either disecussed or are
straightforward in their defermination. It was assumed that the water mass
fraetion of urine, feces, menses, vomitus, saliva, and blood did not vary be-
tween subjects or with respect to time. The values of these fractions were
shown on page 15. The physiological data not yet presented, will allow the
use of better values in future analyses. The water was assumed to have a
specific gravity of 1 gram/ce, and the food moisture figures were taken from
determinations run on cracker and candy samples.

The other two terms, AAFIM being the "Aqua Available from Food Input,
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Metrie", and AATMM being the "Aqua Available for Tissue Metabolism (whiech prob-
ably should be referred to as catabolism), Metrie", were derived in a manner
similar to the @02 and GMCO2 terms, AAFIM was determined by substituting the
term "Water Produced/Mass of Component" in place of the "Energy Value/Mass of
Component" term in the equation of EAFIM, AAT™M was determined by placing the
"Water Produced/Mass of Component" term in an equation utilizing the components
of MTISMM,

The mnemonic varisble names are presented here so that they can be
recognized in the computer program appearing in Apperdix E.

The change in the body water pool was caleculated from the second
material balance, It was represented by the accumulatlon portion of that model.

The question of keeping track of where the water was exchanged, by
substances both from without the cell and from within, is moot., It was ignored
in this development. The model has not sccounted for the separation that may
exist between the extracellular and intracellular pools. The 1iterature’9'29

indicates that these pools are in rapid dynamie equilibrium.



RESULTS OF BODY WATER POOL LOSS

A deseription of the test parameters (food, water, length of test,
ete.) is presented in Table I. This table compares the food offered with the
actual food consumed on an average basis, It also shows the relative comple-
tion (the number of 6ubjects completing the test compared to the number who
started), food type, average emmulative body water pool loss as psrcent of
initial subjeet weight at the start of the test (hereafter referred to as
CDPLF), and average cumulative weight loss as percent of initial subject weight
at the start of the test (CPDWT). The food type refers to the diet as follows:
OCD I was composed of ecrackers which were packed in canS and stored for sbout
80 months, complemented by the standard carbohydrate supplement; the speecial
turkey meal is described in the table; OCD II refers to the individual crack-
ers that were made available by Mr. Bob Hahl of OCD, plus the standard car™-
hydrate supplement. The crackers in OCD II were of an experimental  composi-
tion and were produced in late 1969, aceording to Mr. Hahl.

Appendix E consists of copies of output from the main computer prog-
ram for all male tests, For each test there is an ocutline sheet, a sheet
describing the average daily values of selected variables for all subjects
completing the test, and a sheet which shows cumulative values for all days
of applicable observations using the figures from the dally average values.
The pool loss data in Appendix E is presented for each male test in Figures
2, 3, 4 and 5. The average of those subjescts completing the test, along with
the standard deviations and the performance of the individual subjects who
fared best and worst under the particular test conditions are shown on these
figures. The figures are prasented in order of increasing water ration.

It should be noted here that the results of the tests run on female

subjects are not presented except in Table I. Because of the indiecation from
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these tests that females will in general do better on a given water/food ration
than men, the hypothesis has been made that providing an adequate ration for
men will be the more critieal goal. This can be justified several ways, in-
cluding references to the literature regarding the response of women to adverse
anvironment39'11. In addition to these observations, in both the tests with
females, considerable difficulty was involved in analyzing the data. In test 3,
the days were not easily defined, and as a result, daily data does not corres-
pond to that of other tests., In this same test, some urine samples were mis-
placed. It was possible to ecalculate the average effect over the term (5 days)
of the test, but it had to be corrected for urine which could not be assigned
to any particular subject and for the fact that the data appeared to be taken
from 6 days. The first and last day were actually of such a length that their
sum added up to a 24-hour period. The data presented in Table I from test 4

is somewhat suspect, due to the fact that the initial weights were taken on a
scale which failed after the first day. An attempt was made to calibrate the
original weights to values obtained on the scale used during the remainder of
the test, but this ealibration is also suspect. It is felt that the average

results from test 3, along with the literature11

provide sufficient evidence
that the welfare of the men will be the deciding factor in determining an
acceptable water/food ration.

Figure 6 presents the average results of all male tests on the same
plot for comparison., Table II shows the average rations (consumed/offered)
which were used in these male tests.,

Regarding those subjects who did not complete the tests, except for
those who left due to disenchantment, the one physiological response most ob-
servable was that shortly prior to being taken out, they exhibited stumbling

behaviour. This has been previously reported as an effect of dehydrationa,
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PREDICTIONS

Table III presents the regression equation developed from a linear
regression analysis of the data from the male tests, The variables presented
are all developed from values which would probably be known before a shelter
confinement, The equation is intended as a planning toecl, rather than as a
diagnostie aid., The variables are presented in the order of their contribu-
tion to the best fit,

CDPLF is presented since the literature refers to the severity of
6

dehydration in these terms. Lelthead and Lind1 refer to 7% as a very severe
water depletion and this value has been chosen as a suggested criterion for
physiological acceptability for average male healthy subjects under the age
of 50 years.

Visual examination of the curves shown in Figure 6, indicate that
possibly some function of food and water, involving the square root of elap-
sed time, might be an appropriate matching function. Much time and many
dollars were spent with various combinations of variables including different
funetions of time., The regression equation as it is presented is the best fit
that was obtained.

Figure 7 shows the predictions from the regression equation using
the average rations consumed, presented in Table II, and Figures 2, 3, 4, 5
and 6, This plot is primerily for comparison with Figure 6, which is also re-
plotted on Figure 7. The comparison shows that except for test 1, the predie-
tion is slightly conservative (i.e.- the regression equation predicts that the
subjects will experience a greater pool loss than they actually did in the
tests). Also noted on Figure 7 is the day of an exposure during which a sub-

ject with average response would reach 7% CDPLF, for each test condition,

29



30

69860 ST @3EBWTIIS? Ayl Jo 10113 PIBPUBIS AU,

(98798'0 = 1U3TDTIJa20D

uotieTa1100 BTdII[NK) 9TqBLIEA Judpuadap @yl JO 2DUBIABA BYJ JO %YGH'H/ 10J SIUNOIIE UOTsSSaITal sTyJ,

(TB2Y) uor3eI poo3 A[Teq = poojy
(Tw) uoTlea 121BM ATTE(Q 0%H
(-8)) £Le3s jo 11e3s e jydtem 30alqng M
(Aeq/TEO)) ABIS JO 3IBIS 1B 93BI JITOqRIAN = AR
(sdep) outr] pasdery Ae(q
(%) 00T ¥ (3y8t1em [BTITUT/SSO] l121BM aATjlETNUN)) A7dd0  iaiayM

L}

4
M x tooerot + . 42 x £560°T - L8 x por19 - L x yeypo -
[4 g0 LM z
0°H 0O'H
ONE =14 ONE
b'e . - ¥ B _ . . -
mx . _Keq 98%.°96 poo3 7956 T MﬂIMIIW[Nmm‘x 9%Zh°% + [G69°9 = ATddD
970 1 c°0
‘4113 Jo ssaupoo3,, 2yi 031 uOTINGTIIUOD
179yl JO I9pI0 9yl UT PaisI[ 2I8 Sa[qRIIvA - ' (@3Bl D[TOqQEIaW [RIJUT 10 Jydtom TeIITUT :4eB3IS JO 31BIS

J® uoT3ITPuod 31d%alqns 03 pezIJrwiou) UOTIBI pur awl] pasde[a Jo uoTloduny B Se passaldxa sT (%) ATd4a0

NOTLVNDI NOTSSHYOTY NOTID1dddd

TI1 AT4VL



(SAVA) JWIL d3Sdv13
il ol a 10 0 b 8 / 9 S h

(SAYQ) 3IWIL @3Sdvi3d "sA @ 41409

NOS IUVAWOD d0d4 ISNO4S3H VLIV ANV
@ALS3L SV SNOILVY 39OVHIAV HLIM

S17NnS3y a3121d3dd 40 L07Td

7

e QA 1AR —>= @\r} TNy “,
_— \ - 9
1T \

\\\\1 T UNTT Y UV3HLTT] 7438 - NOIIVIUAHIA FATT AGFN

—_t

.,m\ 17409 %/ 1S07 3AVH TIIM 103rans q31S3L 39WHAAV 3HL AVA 3H],




32

Figure 8 shows the results of the regression equation applied to 1,
14, 14, and 2 quarts of water per day per subject with 960 kecal. of OCD ration,
These were not the exact quantities actually used in the tests (See Table II).
The standard error of the estimate is known to be 0,99 (CDPLF %). The numbers
in parentheses indicate the day during which 50% of the sampled population
would reach 7% CDPLF, This is substantiated in the statistical appendix (D).
Figure 8 alsc shows the 1limit of advisability for 3} gallons per person. From
Figure 8, one might erroneously deduce that it would be possible for subjects
to last 9 days on 1 quart of water per day. This may not be true sinece it may

not be possible for people with a water ration of less than 1% quarts of water

per day to consume 960 keal. of OCD ration. Since at the 14 quart level, some
subjects asked for more food, it is assumed that on the OCD II ration, with 1%

quarts of water, nearly all of the subjects would be able to eat 960 kcal. of

food if properly motivated (See Table I for food consumed vs. food offered at

1 quart). Figure 8 does show the recomnmendation of this study at 14 quarts of
water per person per day for a 14 day occupancy requirement for adult subjects
50 years of age or less,

Figure 9 compares the actual test data from test 6 (1.275 quarts)
with the predictions from the regression equation for 1% quarts plus 960 kecal.,

as well as the predietion from the regression equation if no food at all were

consumed, Since the food term in the regression equation eontains no time
dependence, the difference between the as tested predictions and the no foed
predictions is simply a constant., It can be noted from this comparison that
the prediction is conservative toward the end of the test. The effect of

960 keal,/day of food is predicted to lengthen the residence time about 3 days
before a particular dehydration limit is reached, over that where no food at

all is consumed., As stated above, it seems that with the use of the OCD II
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ration, that with 14 quarts of water, the subjeets will be able to eat the
prescribed ration (32 erackers, 16 eandies per day) if properly motivated.

This is the diet (ration) recommended by this studj.
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SUMMARY

The body water pool loss model was developed on the basis of an
engineering approach, and was found to correspord to the definition of the
body water pool that is found in the physiologieal literature16. The primary
basie assumptions whieh have been made are those concerning the metabelie
energy production and its determination; the definition of "evaporation" as it
is presented in this model; the assumption of catabolized tissue as being com-
posed entirely of protein and fat in a constant ratio of these components,
which are catebolized completely in a starvation situation; amd the assumption
that net oxygen econsumption and carbon dioxide produetion can be ealeulated
from the food eaten and the calculated amount of tissue that the subject cata-
boliges.

It is thought that the error in the calculation of metabolism is not
great, This has been checked by altering the coefficient of the metabolism
equation within the computer program to determine its effect on pool loss,
Keys, et. al.mrefer to the possibility that metabolic rate decreases during
confinement in a starvation situation to an extent not entirely attributable
to the decrease in weight of the subject. It appears difficult to verify this
in this analysis, but it 1s felt that it would also be helpful to be able to
make this assumption. However, this phenomenon has not besen accounted for.
Comparison of the evaporative losses in this model with predicted evaporative
losses based wholly on heat transfer calculation are in relatively good agree-
ment, There ls no statistiecally significant difference between the predicted
and the ealeulated values. The Nitrogen balance determination which was done
as part of the nutrition study, has indiecated that the estimate of 10% protein,

90% fat in catabolized tissue is in error. A better figure would have been
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204 protein. This would increasse the celculated body water pool loss, compared
to the values shown., Time has not beem avallable to include this refinement in
this report, A sample calculation was made which showed the difference to be
slight, The study of protein utilization does not show a difference between
0CD I amd II ration, but the OCD II ratien used in test 6 received better accept-
ance than OCD I.

The physiclogical data falls to show by the normal indieations of
stress, that the level of dehydration that we have calculated is actually oc-
euring, However, significant observations have been made regarding bilirubin
and 17-Hydroxyeorticosteroids. More work than is presented in this report has
been done in this area, but it is not yet ecomplete.

Psychological examinastions made in this study tend to support the
results of the model, and those of the physiological study. However, as was
related by the psychologists, if better examination methods were available, or
if they were davised specifiecally for this type of study, more definitive re-
sults oould be obtainedzB. |

Referring to the specific purpose of this study, it can be concluded
that (1) 1 quart of water per person per day is not adequate for 2 14 day shel-
ter occupancy, (2) 14 quarts of wﬁter per person per day combined with 960 kcal/
day of OCD ration can be sdequate for a 14 day term, and (3) that 1 quart of
water per person per day might be emough for an 8 day term amd that 33 gallons
of water per person together with the food ration would probably allow an 11 day
occupancy,

The current recommendation of this study is a 960 kecal. diet, consist-
ing of 32 of the OCD crackers and 16 of the carbohydrate supplenents per subject

per day with 14 quarts of water per subject per day. This is presented as a

minimum acceptable ration of a 14 day shelter stay. Reference to Figure 8
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indicates that two quarts of water per day with a 960 keal diet would allow a
60 day stay for 50% of the sampled population to accumulate 7¢ CDPLF, This
prediction assumes that CDPLF is linear with time beyond 28 days at the rate

of 1,02%/14 days,



10,

1.

12,

13.

14,

15.

A LIST OF REFERENCES

Adelph, E, F., Allan H, Brown, David R. Goddard, Robert E. Gosselin,
John J, Kelly, Geerge W. Molnar, Hermann Rahn, Aser Rothstein, Eugene
J. Towbin, J, Henry Wills and Arnold V, Wolf. Physiology of Man in the
Desert. New York: Interselience, 1947

. ASHRAE Handbook of Fundamentals. New York: American
Sogiety of Heating, Refrigerating and Air Conditioning Engineers, Ine,
1967

Bedford, T, and B, E, Tredre. "Heat Stress in Industry.® 1955, Trans.
Instn, Min, Engrs, 115, 209,

. Bloastronauties Data Book. NASA SP-3006, U, S. Govern-

ment Printing Office, Washington. 1964

Browe, John H. "Prineciples of Emergency Feeding." The Mediecal Clinies
of North America. 48 (5), September 1964, W. B, Saunders Company

Browe, John H, "Survival Rations and Water.” Health News, 39 (2), 4-13.
Albany: MNew York State Department of Health.

Calloway, Doris Howes. F"Nutritional Aspeets of the All-Purpese Survival
Ration," U, S. Armed Forces Medieal Journal, 11 (4), April, 1960

Dasler, A, R, and D, Minard. "Envirommental Physioclogy of Shelter Babit-
ation." ASHRAE Transactions, 71 (I), 1965

Fox, R, H., B. E. Lofstedt, Patricia M, Woodward, E. Erikssen and B,
Werkstrem. "Comparison of Thermo-Regulatory Punction in Men and Women,"

J, Appl. Physiol, 26 (&), 1969

Gamble, J. L. "Physiological Information from Studies on the Life Raft
Ration." The Harvey Lecture Series. 42, (247.273) 1946-1947

Hardy, J. D. and Eugens F, DuBois, "Differences between Men and Women
in their Response to Heat and Cold." National Academy of Sciences

Proceedings, 26, (389-398) 1940

Humphreys, C. M., A, F. Henschel and D, K, Lee, "Sensible and Latent
Heat Losses for Oeeupants of Survival Shelters." ASHRAE Transactions.

72 (I) 1966

Jaax, James Ronald. An Investigation of Thermal Comfort (Thermally
Neutral) Conditions for Three Activity Levels, A Master's Thesis,
Kansas State University, 1

Keys, Ancel, Josef Brozek, Austin Henschel, Olaf Mickelsen, and Heary
Longstreet Taylor and Associates, The Blology of Human Starvation,
Vols, I & II. Minneapolis: The University of Minnesota Press. 1950

Kleiber, Max. The Fire of Life, MNew York: John Wiley & Sons, Ine, 1961

39



16,

17.

18,

19.

20,

21,

22,

23.

24,

25.

26,

27.
28,

29,

40

Leithead, €, S, and A, R, Lind, Heat Stress and Heat Disorders.
Philadelphia: F. A, Davis Company, 196%

McNall, P, E, and Patrick W. Ryan, Water Consumption During 24 Hour
Exposures to Hot, Humid Enviromments. Report Number 2, Work Unit 1222A,
Stanford Research Institute Subcontraet Number B-60729-VS

Minard, D. "Physioclegieal Studies.” Chapter 7, Studies of the Naval
Faellities %g;ineering Commarnd Protective Shelter II, Summer Trials.
epor

Pitts, Robert F, Physiology of the Kidney and Body Fluids, 2nd E4,
Chicago: Year Book iodieal 1ishers, ﬁo., 1968
Quinn, M., C. R. Kleeman, D. E. Bass and A, Henschel, "Nitrogen, Water

and Electrolyte Metabolism on Protein and Pretein-Free low ealorie Diets
in Man." Metabelism 3 (49-67) Janusry, 19%

Rohles, Frederick H.,)Jr.,, Ralph G. Nevins and Preston E. MeNall, Jr,
Human Physiologieal Responses To Shelter Enviromment. Report No. 1,
Work Unit 12224, Stanford Research Institute Subsontract No, B-60729-VS

Steinkamp, Ruth C, "Measured Body Fat, Dietary Practiees and Physieal
Activity in Healthy Adults.” Food and Nutrition News 36 (4) Jamuary,

1965

_ + Water Requirements for Prolonged Shelter Ocecupancy. Inter-
im Report, Office of Civil Defense Contract DAHC-20-68-C0173, Work Unit

1222B, June, 1970

Webb, Paul, Human Water Exchange in Space Suits and Capsules, NASA
Contractor Report, MNASA CR-E%. June, 1967
Woodeock, A, H, and J, F, Breckenridge, "A Model Desecription of Thermal

E:;ghange for the Nude Man in Hot Enviremments." Ergonomies, 8, 223-235,
1965

Wyndham, C, H, and A. J. Hoyns. "Detsrminants of Oxygen Conswmption and
Maximum Oxygen Intake of Bantu and Caucasian Males.” Int. Z. anges.

Physiol. 27, (51-75) 1969

PRIVATE COMMUNICATIONS
Finklestein, B. Professor of Foods and Nutrition, Kansas State University

Grorwall, R. Associate Professor of Physiological Seiences, Kansas State
University

Clarenburg, R, Associate Professor of Physlologieal Seiences, Kansas
State University



1.

2,

?.

8.

9.

10,

1.

12,

13.

ADDITIONAL REFERENCES

. Experimental Evaluation of Simuleted Heat gnd Moisture
Loads in Shelters. ILT Research Institute, (December, 1965) Work Unit
12118, Stanford Research Institute Subcontract Number B-64219.0S

. Ventilation Tests of Fallout Shelter Spaces in New York
City and Vieinity, Final Report, (February, 1966), Guy B, Panero, lae.,
Work Unit 1214B, Stanford Research Insitiute Subeontract No, B-64212
(49494-3)-Us

' + Federal Civil Defense Guide, PartD, Chapter 2,
Appendices 1 & 6,

Adams, Thomas, Gordon E. Funkhouser and Warren W. Kendall. A Method
for the Measurement of Physlologic Evaporative Water Loss. Civil
Aeromedical Research lnstitute Report EwﬂS. Federal Aviation Agency,
Oklahoma City, Oklahoma

Beetham, W, P., Jr., and E. R, Buskirk, "Effects of Dehydration, Physieal
Conditlioning and Heat Acelimatigation on the Response to Passive Tilting."

J. Appl, Physiol, 13 (3): 465-468,, 1958

Burch, George E., and Nicholas De Pasquale, Hot Climates, Man and His
Heart, Springfield, Ill,: Charles C. Thomas, 1963

Burton, Alan C. and Otto G, Edholm, Man in a Cold Enviromssnt. Edward
Arnold, Ltd., 1955

Edhelm, O, G, and A, L, Bacharach, The Physiology of Human Survival.
New York: Academic Press, 1965

Grande, Francisco, Joseph T. Anderson and Ancel Keys, "Changes of Basal
Het?bt;lio l;to in Man in Semistarvation and Refeeding."” J., Appl. Physiol.
12 (2 19

Grande, F., H, L., Taylor, J. T. Andersen, E. Buskirk and A, Keys. ‘"Water
Exchange in Men on a Restricted Water Intake and a Low Calorie Carbo-
hydrate Diet Accompanied by Physical Work." J. Appl, Physiol. 12,
Mareh, 1958

Hale, John F, Research Program for Large Shelter Management, Final Report.

Contract Number OEB-PS;Q—%. OCD Work Unit 1535-A. Samry 1969

Hale, John F., Donald E., Meagley, Robert W, Smith and Robert L. Davis. An
imental Analysis of Selected Problems of Large-Shelter Management

Environmental Threat, and Small Shelter Habllability Under itions of
Stress, Final Report. OCD-PS-0&-57 OCD Work Unit 1519h September 1965

Hammas, John A, and R, Travis Osborne, and Associates, Shelter Studies
at the University of Georgla, Final Report., 0CD-05-62-226, Subcontract
1521k, December 1967

44



14,

15.

16.

1?.

18.

19.

20,

21,

225

23.

24,

25,

26,

27.

42

Hammes, John A,, Thomas R, Ahearn and Associates, Shelter Occupancy
Studies at the University of Georgia, Final Repert., OCD Contract DAHC
20-68-C-071%, Work Unit 1521A, December, 1968

Hammes, Jehn A,, Thomas R. Ahearn and Mary P, Beussee. Communiiy Fallout
Shelter Handbook for Unirained Management (Researeh Prototype, Eth Ed.)
OCD Contract DAAC 20-68-C-011%, Work Unit 1521A, December, 1969

Henschel, Austin, "Minimal Water Requirements Under Conditions of Heat
and Work, Thirst." Proceeding of the First International Symposium on

Thirst in the Regulation of Body Water, held at the Florida State Univer-
sity, Tallahassee, May, 196). gergmon Press, 1964
Hensehel, Austin, Linda L, Burton, Leonard Margoelies, and J. Earl Smith.

"An Analysis of the Heat Deaths in St. Louis during July, 1966."
American Jornal of Publie Health. 59, 12 December, 1969

Henschel, Austin, Milten B. Cole and Oksana Lyezkowskyj. "Heat Tolerance
of Elderly Persons Living in a Subtreopical Climate.” Journal of

Gerontelogy. 23, 1 Jamary 1968

Hertzman, A. B, and I, D, Ferguson. Fallure in Temperature Regulatien
During Progressive Dehydration. WADC Technical Report 59-398, July 1959
Heffer, E, C., C. K. Meador and D, C, Simpson. "Correlation of Whole-Body
Impedance with Total Body Water Volume." J. Appl. Physiol, 27(4) 1969

Lese, Douglas H. K., and Austin Henschel. "Evaluwation of Thermal Environ-
ment in Shelters.” Oeccupational Health Research & Training Facility,
Cineinnati, Ohie. Contraet OCD-0S-62-100, Subeontract 1221A, TRS,
August, 1963 -

Nevins, Ralph G. "The Micro-Eaviromment Creating Comfort in Man's
Surroundings,.” Trans, Kansas Academy of Solence, 71(4) 1968

Newmiller, C, D., P, S. Francis and R, B. Cooper, PsEehologioal Factors
Related to Tolerance of Confinement, Final Report. Singer, lne,
OCD Centract OCD-PS-65-5, work Unit 1519B, November, 1967

Ryan, Patrick William. Heat Productien of Celloge-AEe Persons at Four
Levels of Activity and Their Correspending Thermal Comfort Conditions.

A Master's Thesls, Kansas State University 1967

Smith, Robert W. and Donald E, Meagley. The Effects of Expectations on
Shelteree Behavior, Finsl Report. Contract OCD-PS-64-57, Work Unit

151

Steinkamp, R, C., N, L, Cohen, W. E., Siri, T, W, Sargent and H, E. Walsh,
"Measures of Body Rat and Related Factors in Normal Adults - I & II."
J, Chron, Dis, 18: 1279-1289 Pergammon Press Ltd. 1965

Taylor, H. L., J. Brozek, A, Henschel, O, Mickelsen amd A, Keys. "Effects
of Suecessive Fasts on Ability of Men to Withstand Fasting During Hard
Work." Am, J, Physiol. 143: 148-155 January 1945




28,
29,

30.

3.

43

Williams, C, G., C. H. Wyndham, G, Bredell, N, B, Strydom, J. F, Morri-
"Circulatery and Metabolic Reactions te Work in Heat,”

17: 625-638 1962

Williams, C, G. and A, J, A, Heyns, "Differential Acclimatisation as a
Funetion of Duration of Exposure.” Int, Z. angew. Physiol., 27: 198-211

son and J, Peter,
J. Appl. Physiol,

1969

Wyndham, C, H., A. J. A, Benade, C. G, Williams, N. B, Strydem, A, Geldin
and A, J. A, Heyns.
Spaces During Acclimatization to Heat.," J, Appl, Physiol. 25(5): 586-

593

November

1968

"Changes in Central Ciroculation and Body Fluid

Wyndham, C. H., and N. B. Strydom, "The Danger of an Inadequate Water
Intake During Marathon Running.” S, A, Medical Jouwrnal, 43: 893.896

July

1969



APPENDIX A

AGREEMENT AND RELEASE



AGREEMENT AND RELEASE

1. I,

volunteer to participate in a project in connection with research studies
to be conducted by Kansas State University.

2. I realize that participation may impose physical and/or mental
stresses upon me and/or the other subjects. I believe that I am physically
and mentally fit to withstand any such stresses.

3. I understand that I will be observed during by participation
and that my conduct and/or voice may be recorded by photographic and/or
recording devices. I may have attached to my person sensors to measure
temperature, pulse, blood pressure, etc. I also realize that public reports
and articles may be made of the experiments and all of the observations and
I comsent to publication of such, including the use of photographs.

4, I hereby authorize the Kansas State University to remove me from
the evaluation exercise at any time and for any reason. 1 agree to leave
said exercise willingly when asked to do so.

5. I understand that I will be permitted to leave the evaluation
exercise at any time that I find that I am unable to withstand the conditions
and request to be relieved, but, depending upon the nature of the experiment,
I may forfeit compensation for previous participation.

6. As compensation for my voluntary services as a participant in the
aforesaid studies, Kansas State University will pay me. It is clearly under-
stood and agreed, however, that in no event am I to be considered an employee
of Kansas State University during such participation. Therefore, no Social
Security, income tax, retirement or other benefits of employment will be

deducted or accrue.

ks
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7. I hereby agree, under penalty of forfeiture of all compensation
due me, not to give information regarding these studies to any public
news media nor to publicize any articles or other accounts thereof without
prior written approval by Kansas State University.

I have signed the herein Agreement and Release, this

day of y 19 .

Signature
State of Kansas
County of Riley
On the day of 5 19 » before me personally came

, to me known, and known to me

to be the individual who executed the foregoing instrument, and duly

acknowledged to me that he executed the same.

(Signed)

Notary Public

My commission expires:

Date
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The following schedule outline is an example of the general procedure used
in all of the tests. There were differences from test to test, but generally the
procedures were similar. The first schedule is for pre-test procedures, from the
time of recruitment, up to the time of the first day of the test. The second sched-
ule is concerned with the first day of the test and the progess of getting started
into a routine. The third achedule is the general test schedule used during the
teats, and the fourth schedule is that used for the last day of the test and for the
follow=up procedures.

FIRST SCHEDULE

One week orior to the test, all subjects were given a physical examina-
tion. This process served as the initial screening and allowed selection of eight
subjects for each age group as well as an alternate for each age group.

Three days prior to the beginning of the test, all subjects and alternates
were called in for a briefing in which they were given essentially the same informa-
tion as is shown in Appendix C under subject orientation information.

Two days prior to the test, all subjects and alternates were called in for

the pre-test blood sampleszj. Psychological pre-test interviews were conducted at

this time.
SECOND SCHEDULE
(Beginning of Test)
TIME ACTIVITY DESCRIPTION COMMENTS
0630 Subjects Arrive

Test Room brought to Test Conditions
Uniforms Distributed

0645 Subjects asked to void vrior to initial weighing
0700 First Weight tsken for all subjects = Subjects attired
Height, Blood Pressure, Oral Temperature, in Standard Uni-
and Pulse observed of all subjects forms, empty pock-
ets.
0730 Test Subjects admitted to Test Room

Alternates Dismissed
Subject Orientation Presented



SECOND SCHEDULE
(continued)

Meal and Food Evaluation completed

and Pulse observed for each subject.

Towelettes dispensed prior to meal.

Meal and Food Evaluation completed

and Pulse observed for each subject

Towelettes dispensed prior to meal

Meal and Food Evaluation completed

Saliva Samples taken, B/P, Temp, Pulse

Towelettes dispensed prior to meal

Meal and Food Evaluation completed

TIME ACTIVITY DESCRIPTION
0800 First Meal dispensed
0845
0900 Additional Orientation
Medical Histories reviewed
0930 Blood Samples taken
1000 Saliva Samples taken
1045 Blood Pressure, Oral Temperature,
1100 Psychological Testing
1145
1200 Noon Meal dispensed
1245
1300 Psychological Testing
1500 Blood Pressure, Oral Temperature,
1600 Saliva Samples taken
1645
Physician makes rounds
1700 Afternoon meal dispensed
1745
1900 Evening Weight taken
1930
2055
2100 Evening Meal dispensed
2145
2400 Lights Out
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COMMENTS

Carmine Capsules were
given at this time to
aid in following fecal
material for nitrogen
balance determination

Day 1, 4, 7, & 10 only
(differs for each test)



THIRD SCHEDULE

TIME ACTIVITY DESCRIPTION COMMENTS

0645 Lights On
Subject asked to voild prior to weigh-in
Blood Pressure, Oral Temp., Pulse
0700 Morning Weigh-in
0755 Towelettes dispensed
0800 First Meal dispensed
0845 Meal and Food Evaluation completed
0900 Psychological Testing —-—— Not every day
0930 Blood Samples taken -—— Not every day

1000 Saliva Sampleg Taken

1100 Blood Pressure, Oral Temp., Pulse

1155 Towelettes dispensed
1200 Noon Meal dispensed
1245 Meal and Food Evaluation completed --— Random Time, Subject
Sequence
1300 Psycholopical Testing --— ot every day
1500 Blood Pressure, Oral Temp., Pulse
1600 Saliva Samples taken
1655 Towelettes dispensed
1700 Afternoon Meal dispensed
1745 Meal and Food Evaluation completed
1800 Evening Weight taken
1930 Blood Fressure, Oral Temp., Pulse
Saliva Samples taken
2055 Towelettes dispensed
2100 Evening Meal dispensed
2145 Meal and Food Evaluation completed
2400 Lights Out
Note: On the day preceding the last full day of the test, an additional orientation

session was held in the morning, for the purpose of impressing the aims of
the test and their importance on the subjects.



FOURTH SCHEDULE
(End of Test)

TIME ACTIVITY DESCRIPTION COMMENTS
0645 Lights On
Subjects asked to void prior to weigh-in
Blood pressure, Oral Temp., Pulse
0700 Morning Weigh-in
0755 Towelettes dispensed
0800 First Meal dispensed
0845 Meal and Food Evaluation completed
0900 Psychological Testing
0930 Blood Samples taken
1000 Saliva Samples taken
1030 Subjects released from Test Room
Test Room Conditions returned to Comfortable Range
Subjects Fed (Orange Juice, Sweet Rolls, Coffee)
Subjects sent to Health Center for Final Physical Examination
Psychological Interviews conducted
1130 Subjects Released
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APPENDIX g

Topic
Subject Card Information (Sample Card)

Subject Orientation Information (written)

Subject Orientation Information (oral outline)

Nurse Orientation Information

Monitor Orientation Information

Criteria for Removal of a Subject from the Test
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SUBJECT ORIENTATION INFORMATION

February 1970

The Office of Civil Defense has renewed a contract to the Institute
for Environmental Research, Kansas State University to study the physiclogical
effects of survival shelter environments. The present investigation, which
constitutes the in a series is designed to measure human reactions
under simulated survival shelter conditions.

This is the in a series of tests. Test I and test II use
male subjects. Test ILI and test IV use female subjects and are five
day tests. Test V and test VI use males and are for ten days. All subjects
are to be volunteers who have passed a physical examination and hawve agreed
to participate in the test to their fullest extent unless removed by sickness
or unforeseen emergency.

A registered nurse is on duty at all times and a doctor is on call.

The subjects who are selected will be furnished a uniform consisting of

a shirt, trousers and socks. They will provide their own shorts, shoes,
halter tops, =tc. Books, writing materials, magazines, etc., should be
brought to the test room beforehand, as once the room is entered, subjects
will not be allowed to leave until the test is terminated. This test

will take ~ days and nights. During this period, the subjects will
eat, sleep and live in the test room.

The temperature in the room will be  °F and 7 relative humidity
throughout the day period. The subjects will be given survival rations
amounting to 960 calories per day. Drinking water will be provided (
quarts) to each subject for each 24 hour period. All urine and feces will be

collected and given to the nurse. No bathing or toothbrushing facilities
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will be available. A portable toilet will be furnished in the test room.

No cosmetics or other articles with possible food value will be
allowed in the test room. No water will be used for washing, however at
mealtime we will dispense towelettes to each subject for washing hands
before eating.

From time to time, you will have some duties to perform such as
sweeping, making beds, straightening furniture, etc. and participating in
group discussions.

Blood samples will be taken periodically, the first, two days before
the test at 0900 hours, once at the start of the test and periodically
during the test and again upon completion of the test. Oral temperature,
blood pressure and pulse will be taken pericdically throughout the test
and weights will be taken twice daily.

Subjects will not eat breakfast previous to entering the test room,
the morning the test begins.

All subjects who successfully complete the tests, that is, spend
days in the test room and cooperate in the test will receive § . A
reasonable bonus will be paid for your time spent in orientation and
physical examinations. Anvone leaving the test voluntarily will receive no
pay whatscever, persons who are removed because of sickness or emergency will
be paid according to the length of time they have spent in the test room. It
is imperative that you understand fully all of the conditions of the test before
volunteering to participate. Once an individual is assigned for a test, it is
assumed that he is fully aware of the test conditions and is willing to
participate in the test for the full day period. Only with complete
cooperation can the test be successful. The conditions of this test are
stressful and will impinge to a certain degree upon your personal privacy

and complete awareness of these facts is imperative before volunteering.



Upon conclusion of the test, subjects will be given a carmine dye
capsule, plus containers for bringing in fecal samples after the test.

These samples must be brought in until you are told to stop by Mr. Corn,

when the dyve (red) begins to show in your feces. This is a vital part

of the test and must be complied with before payrolls can be submitted.



10.

17

13.
14.
15.

ORAL ORIENTATION

(Information given when subjects enter room)

Stipend agreement

Important to cooperate, test very expensive.

Nurse in charge of your health 24 hrs. a day. A physician is on

call at all times.

Problems of a personal nature should be brought to the attention of the
nurse or test monitor.

Each person's personal hygiene, bunk area, etc., is his own responsibility,
Clothing mav be adjusted according to your own needs within the limits of
decency.

No shaving or toothbrushing facilities are available, the only shaving
will be upon the authority of the physician for medical reasons if any.
Foul language will not be tolerated at any time.

Room cleanliness is to be worked out by you as a group, however a good
level of order and cleanliness is expected.

There will be adequate time for leisure and recreation - including TV,
These acrivities will be regulated by you as a group. Again, reasonableness
of these activities is expected.

During certain periods you will be asked to engage in some ordered
activity, which will take precedence over recreation.

There will be a mandatory lights out period from midnight to 0645

each night. However, if there i1s a movie on which all persons want

to see, the nurse may approve extension of the lights out time.

Any unruly activity which is not controlled can result in forfeiture

of pay.

Do not touch any measuring equipment in the test room.

Select your bunks in any way you choose.

Any questions?



NURSES

Take weights before breakfast in the morning. Subjects must try to
void first. The second weight is to be taken 12 hours after the
first weight.

2 Blood pressure, pulse and temps. are to be taken every 4 hours during
the lights on period. Use discretion during lights out. Keep the
patient's peace of mind and his physical condition in mind.

ke The following criteria for removal are guidelines. Anything in
excess of these limits constitutes grounds for removing the
subject from the test.

PARAMETER UPPER LIMIT*
Body Temperature (Oral) Increase of 2°F above pretest level
Pulse Rate 180 Beats/min.
Blood Pressure - Systolic 160 MM Hg.

Diastolic 20 MM Hg.
Water Weight Loss 5% of pretest body weight (Leithead & Lind)
Illness Clinical judgement - Nurse & Physician
Exhaustion Clinical judgement - Nurse & Physician
*Excecding this limit constitutes grounds for removing the subject
from the test.

4, The Nurses are responsible for overseeing the help but command still
remains with the Research Assistant in charge. Any questions concerning
food handling should be directed to Miss Beatrice Finkelstein if
possible. Questions about the health of the subjects in the tests
are to be resolved by the doctor on call and your own professional
training. Questions concerning the logistics of the experiments such
as data, equipment, etc., should be directed to the Research Assistant
in charge.

PROCEDURE

1. 0630 - Subjects arrive

2. Have subjects dress in standard uniform

3. Weigh subjects, check heights, temperature and pulse

4, Blood samples

D Dye capsules

6. 0700 - Subjects into test room

7. Nurse instruct all subject that they must bring in Fecal samples

after the test until the Carmine dye shows in Feces prior to being
paid.
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The pretest room and data collection areas should appear neat and orderly
at all times.

There are always a few detalls which pass us by while setting up an
experiment as complicated as this. Through casual conversation and
observation these are usually corrected. Feel free to ask questions
at any time.

NOTES

Nurses - Should ask each subject what their age is at the initial weigh-in
and mark it on the weight chart. Heights should also be taken and
recorded at this time.

Take weights at the same time each day corresponding to the
initial weigh~-in time and other weights as required by
other researchers.

Note date and time on any data taken on any subject - put birth date
on your file cards.

ACTIVITIES

1. Use of toilet
2 Label Cups

Note: Urine, feces and pads must each be placed in separate
cups. Notify helper to remove samples immediately.

3. Weight of subjects

Note: Must have tried to wvoid first
Must have same clothing as at initial weight

Sensitivity of scale.

No breakfast before test

Breakfast 0800 hrs.

All time will be recorded as military time on the 24 hour clock.
Anv leftover food will be weighed and recorded.

Meals - Breakfast 0800 Lunch 1200 Dinner 1700 Snack 2100

@ -~



POSITION:

Hours:

GENERAL:
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Data Collector
Continuous Coverage, 24 hours/day

The duties of the Data Collector shall include the
following:

Issuance of containers to the subjects for urine and

feces collection.

Responsibility for collection of the containers immediately
after use by a subject and issuance of a clean replacement.
Measurement of the volume of urine voided and the weight
of the feces deposited by each subject. Record wvalues,
weight and time.

Preparation of sample wvials of each urine specimen for
analysis by the Physiology Department.

Collection of a 24 hours total urine sample and all fecal
matter from four pre-designated subjects for analysis

by the Foods and Nutrition Department.

Act as general assistant to the nurse and perform any
other assigned duties in connection with data collection,
logging, etc.

Assist with special needs of the test such as condition

of the room, T.V., etc.

Urine 24 hour collection - Change to the next days bottles after

AM.

weight.



SPECIFIC DUTIES:

1., Urine Samples:

a.

Check to insure that subject has recorded his
identification number, the date, and the time on

the container label.

By checking the individual's data sheet, assign and
record a three position sample number to each specimen.

First Position: Subject's Identification Number
Second Position: '"U" - indicating urine sample
Third Position: The next consecutive number in
the "U" series

Measure and record the total urine volume. (take out 10%)
After urine volume is determined, place a stopper

in the graduated cylinder and shake urine 25 times

before taking 5cc urine sample.

From the total urine wvolume,pour approximately 5 ml into
a small plastic vial. Using a felt marking pen, write
the three position sample number on the vial which should
then be stored in the refrigerator.

2. Feces:

a.

b.

Check container label to insure that the subject has
recorded his identification number, the date and the time.
Assign a three position sample number to each sample.

First Position: Subject Identification Number

Second Position: "F" - indicating fecal sample

Third Position: The next consecutive number in
the "F" series

Weigh the fecal sample and record the weight on the
individual's data sheet.

3., Period Discharge Pads:

da.

b.

Weigh a group of 4 to 5 pads to get an average
weight, Indicate this value at top of data sheet.
By checking the subject's data sheet, assign and
record a three position sample number to each
specimen.

After recording weight on data sheet, the pads can
be disposed of.

4. At the end of each 24 hours period, the Data Collector will
record each individual's total urine output volume and total
feces weight for that day.
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Also at the end of each 24 hour period, a 50 ml sample of the
total urine output from the special subjects will be prepared
for pickup by the Foods & Nutrition Department. The remainder
af the 24 hour sample can be disposed of. Each 50 ml sample
should have on its label the subject's name and the date.

If, at the end of a 24 hour period a subject has not had a
bowel movement, his individual data sheet should have an

appropriate entry in the remarks column.

In addition to the duties outlined above, the Data Collector
should also assist the Chamber Nurse.

Keep accumulated trash picked up and carried out.
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STATISTICAL DISCUSSICN



STATISTICAL DISCUSSION

Observation of Pigure 6 indicates that CDPLF is not a linear function of
time, To test this hypothesis, a Least Significant Difference test was run on the
derivative of this curve for each test. Ho (The slope of the line is constant,
given that the daily variances are equal) V3. Ha (Not HO). This hypothesis was
rejected for all tests, with the probability of rejecting a2 true hypothesis of less
than 0.0005., Bartlett's test indicates that the wariances are marginally homogen-
eous, yet it is known that the LSD test is very powerful even when the variances
are relatively inhomogeneous. The results of the LSD test indicate th2t in fact
the response is not linear,

Regarding the derivation of the statement about the time required for
507% of the sampled population to reach 7% CDPLF, the basis follows: the physician
who performed our physical examinations stated that about 8C% of the general popu-~
lation would be able to pass the exam reguired for zarticipaticn in the tests.
Conservatively conaidering both men and women, about 84% of the subjects were able
to complete the testzs. The test subjects who comrleted the tests then represent
about 67% of the general population (807 of 847 = 67%). For a given regression
line based on a given ration, 50% of the test subjects will perform within ¥ o0.67
x (Standard =rror of the Estimate) at any given time, Twenty-five percent of the
subjects will perform better than this, and for them, there is no casuse for concern.
Twenty-five percent will perform worse than the mean prediction + 0.67 x (S.E.E.).
This then indicates that 75% of the subjects tested will lose less than the mean
prediction + 0.67 x kS.E.E.), at any chosen time, If the tested sgroup represents
677 of the general population, then 757% of 67,6 = 50% of the general population.
The regression equation is presented in Table III. Leithead and Lind36

present pool loss as a fraction of initial body weight. To compare the results of
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this study with their data, this same relation LCDPLF) has hteen used. Values of
the independent variables in the regression eguation can be determined from: the
caloric value of a daily food ration composed of OCD crackers and OCD carbohydrate
suppleuwents; ths amount of the daily water ration; and the averase wcisht of the
individuals to be submitted to the test. These values then allow prediction of
the CDPLF response.

If the water pool change is presented as a fraction of subject initial
weight, it seexms reasonable to vresent the water and food inputs either as a
fraction of tre bady weight (i.e. - "normalized" to individual subject initial
weight), or as some function of it. Common sense indicates that the nore water a
subject drinks, the less the body pool will decrease. This also a-plies (albeit
somewhat less cirsctly) to food. ifuch has besn writien about the deleterious
effect of high protein diets with cadbric values less than 300 kcals, on water pool
maintenanceS'6’7’10'14’16'20’27. Dimensional analysis suggests th~t the caloric
value of food should be normalized to metabolic rate. The terms included, in the
regression ejuation, indicate normalization of: Water input rate to Subject Weight;
Water input rate to Subject Metabolic Rate; rate of energy production from food
consumed to metabolic rate; the product of some of the relationshirs with a time
function; the recinrocals of some terms; and a time function alone. It seems that
CDPLF should be directly proportional to some function of time, inversely propor-
tional or directly proportional to the negative of gome function of food consump-
tion. This normzliz=tion allows the comparison of subjects on a common basis.

The statistical model was developed by including all reasonable combin-
ations of the variables. A better model could probably be derived from a differ-
ential analysis of the change in pool, but continuous monitorines of data could not
be performed within the scope of the project. %ith a differential model, a func-

tional relationship could probably be developed which might point to either an
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exponential or an asymptotic response. Further tests might indicate a time factor

in the resvonse to food.



APPENDIX E

CCMPUTER PROGRAM AND COMPUTER SUMMARIES
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JOB

SURVIVAL WATER RECUIREMCNTS

JMRRUN=FREE,TIME=1C,PAGES=30u

CCD CONTRACT DAHC27-68-C-0173

THIS CLATA ANALYSIS SYSTEM CEVELOPzZU BY JON M,

CEFINITION OF CONTRUL PARAMETERS

NTEST
NSUBS
NTDAYS

DIRECT

WTUNIT
SEX

E XM
METAB

MPCRM
CRFF
CRFF
CRFC

CRFH2C

MPCN M
CNEC
CNFHZC

TSFF

caoep
CODF
cooc

FvP
FVF
FVC

AMETP
AMETF
AMETC

GmMO2P
GMO2F
GMo2C
GMCO?2P
GMCO2F
GMCD2C

SPGURQ

URFH2C
FEFHZC
MSFH20
VOFH2C

W

(U L TR TR || non

1 nowou

ou n onon

L [ T I VI 1% W oh

nofonu

TEST NUMBER IN SEQUEWNCE -
NUMBER UF SUBJECTS

CURATICN OF TEST

(DAYS ).

EXTERNAL PROGRAM FLOW GUIDE.

INDICATUR OF UNITS OF SUBJECT WT IN TEST

INDICATUR OF SUBJECT SEX IN TEST.

RU

l-

ECR

RELATED TO CATE OF TEST
STARTING THE TEST

1-KGy
MALE ,

EXPONENT USED ON ®T IN METABULIC RATE EWQUATION.

AVERAGE METABOLIC RATE

MEAN MASS OF SURVIVAL CRACKER

DRY BASIS CRACKER
BASIS CRACKER
CRY BASIS CRACKER
H20 MASS FRACTION

DRY

MEAN MASS OF SURVIVAL CANDY
CRY BASIS CANDY MASS FRACTION

(BTU/HR)

DIGESTABLE CARBOHYURATE
H20 MASS FRACTION OF SuRvIvVaL CANDY

OF AVG.

SuB. IN

MASS FRACTION CIGESTASLE PRUTEIN
MASS FRACTION CIGESTABLE FAT

MASS FRACTIUN CIGESTABLE CARBCHYUGRATZULLWI220
OF SURVIVAL CRACKER

MASS FRACTION OF METABOLIZEL TISSUE WHICH IS FAT,

COEFFICIENT OF DIGESTION OF PROTEIN

COEFFICIENT OF DICESTION

OF FAT

COEFFICIENT OF UIGESTION OF CARBCOHYDRATE

FUEL VALUE (BOMB CALORIMETER) OF PROTEIN
FUEL VALUE (BUMB CALURIMETER)
FUEL VALUE (BUMB CALURIMETER)

OF FAT
OF CARHOHYDRATE

WATER PRODUCED UPCN METABOLISM OF 1 GM OF PROTEIN
WATER PROODUCEU UPCN METABOLISM OF 1 GM UF FAT
WATER PRUODUCED UPCN METABOLISM CF 1 GM OF CARBOUHYPRATE CCNDwl4l0

OXYGEN CONSUMED
UXYGEN CUNSUMED
UXYGEN CONSUMED
C02 PROLUCED BY

coz

PRODUCED BY

C02 PRCLUCED BY

SPECIFIC GRAVITY

MASS
MASS
MASS
MASS

FRACTION
FRACTION
FRACTION
FRACTIGN

QF
OF
OF
OF

BY METABOLISM
BY METABCLISM
BY METABOLISM
METABOLISM OF
METABCLISM GF
METABOLISM GF

CF URINE

UR INF
FECES

N
IN
IN
IN

F20
F20
F20
F20

aF 1
OF 1
OF 1
1 GM
L GM™
1 GM

(CGVERALL

GM
GM
GM
UF
aF
OF

SUBJECT AVERAGE)

(NTEST
(NTEST

MENSES(WTEST
VOMIT (NTEST

OF PROTEIN
OF FAT

OF CARBUHYULRATE

PROTEIN
FAT
CARBOHYDRATE

AVERAGE)
AVERAGE)
AVERAGE)
AVERAGE)}

2-LB.
2-FEMALEF,

NTEST.
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SCDWoLGU
UlDimul 1.
LCDAw 220
UCDw2 )32
GLDha by
OCDW 252
UCCW. ubo
OLOW. 3732
ULDwoJbo
UCDwe Y0
ulDw2luC
OCOwollG
OLDwWI120
ULDALl 3G
OCDOwll 4l
GCDWulsC
ULDW316D
UCOwWoiTo
LCDwWllBu
OLDwWE19Y
UeDwo2ud
UCNWZ 210

UCDWL233
NCDAW32640
UCDwmul25a
ULCwi260
UCNWI2T0
UCDWu280
UCDW029%
OCDwuIuC
GCDWZ310
OLDW 329
OCDWZ33C
0CDwW. 340
UCDWL 350
OLDwWL 360
CCOWL3TL
uctDwyian
LLCDmU3 90
OCDWO& 40

OLDmlaco
UCDWL43J
UCDhu44u
OLDWZ45u
OCDWZ66U
NCDwWI4Tu
OCDWL&BO
GCOWu49U0
UCDwWuSLo
QCOwWd510
UCDWI52%
OCDWL5 30
UCDWJ540
UCD koS50
UCDWaHbY
NCOWO570
UCOwWE580



DEFINITION

WTI
WTM
WTF
Vh201
FCUl
CANDY
VURO
MFECO
MENSES
VOMIT
SBNMAG

L L | L | T T T S T T I |

SUBJECT WT AT START OF A G

[VEN DAY

SUBJECT WT AT MICCLE OF A GIVEN DAY

SUBJECT w¥ AT END OF A ulvVv
VOLUME OF WATER DRUNK W A

En DAY
GIVEN DAY

AND/OR DESCRIPTICN OF UBSERVED VARIABLES

NUMRER UF TOTAL FCOD UNITS {CRACKERS+CANDIESI/OAY

NUMBER UF SURVIVAL CANCIES
VOLUME UF URINE VCICEC/DAY
MASS OF FECES EXCRETED/DAY
MaSS CF MENSTRUAL FLOW/CAY
MASS COF VOMIT EXPELLED/DAY
NAME AND

EATEN/DAY

DESCRIPTION

AGE UF SUBJECT AT TIME OF TEST

OF VARIABLES CALCULATED WITHIN THIS PROGRAM

WM = AVERAGE WT OF A SULBJECT CURING A GIVEN DAY
DWTH = w7 CHANGE OF A SUBJECT DULRING A TIME PERIOD
QMETH™ = METABOLIC ENERGY RATE (KCAL/DAY)
CTHE= vaP ABLES ARE DESCRIBEC IN THE PKOGRAFM ANG IN THz REPORT
wHICH ACCOMPANIES THIS PROGRAM,
e L INPUT CARD SEQUENCE BEEERY
sEE $ENTRY STARTING IN COLUMN 1 E¥
AVERAGE SUBJECT CUM AVYG SUBJECT FIRST CARD
2% COMMUNAL URINE FOR TEST 3 . ®%% SECOND CARD
*EE IDENTIFICATION AND CONTRCL PARAMETERS e THIRD CARD
wEk IC & CONTROL k¥ FOURTH CARD
L IEC £ CONTROL a2 FIFTH CARU
=% ¥ CCPMMENTS wEE SIXTH CARD
e% MCRE CUOMMENTS THROUGH COLUMN 68 X SEVENTH CARD
FeukE SURJECT DATA DECK AL
k¥ BLANK CARD % FIRST END CARD
k2 BLANK CARD 2k SECOND ENU CARD
LR £ 99 [N COLUMNS 1 & 2 ¥ THIRD END CARD
k% BLANK CARD L2 FOUURTH END CARD
Ak BLANK CARD L L FIFTH £4D CARODU
¥ $STOP STARTING IN CULUMN 1 2154 SIXTH END CARD
kR $STOP STARTING IN COLUMN 1 e
b /% STARTING IN COLUMN 1 53
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QLDwW3590C
UCCwJIbL O
UZ0wWlib1lE
OCDwub2l
OCDWU63u
UCOW2E 40
OCLDwnO65 3
OCDnob60
OCDwWubTC
UCDw5 682
UOCDWIGYD
CCDWOTUD
CCDwa710
UCOwW3 724
OCUWGT30
OCDwJ74Q
UCDWUT50
CCDWLT69
UCDwWJITTO
UCDwWo T8O
OCDwW 790
UCDwWQBOG
0CDwWo810
UCDwW( 820
OCDwW2830
OLDw2340Q
UCOWl859
OCOWIRbO
ULDWJB T
UCDASEB0O
CCDwWLB90
0COw.90C
OCOwWwL910
UCDwJi920
OCOwWJ930
OLDW3940
(JCCWJ950
OCDw 3960
UCLWIITC
JCOwWu9d0
OCDWLY90
OCDW1 Ju0
PCDW1IOLG
UCDHLIZ2U
OLDwWl23C
OCDWluag
QCDW1L50
UCCWLIb0
OCDLWLITO
OCCwlaE0
OCLWl o990
OLDWilu®
(ICDwWlllu
OCDwW1120
OCOwll3g
OCOWil40
OCOowWll50
UCDwl140
UCDWll73
OCDwWll890
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THE FCLLOWING TABLE EXPLAINS THE USE OF THE PROGRAM DIRECTUOR VAR~
IABLE "DIRECT."™

NEAR THFE BEGINNING OQF THE PROGRAM (STATEMENT #2) IS aN IF
STATEMENT wWHICH DETERMINES WHETHER NEW INPUT DATA SHALL BRE:
A) READ AND WRITTEN, OR
B} READ ONLY, OR
C) IGNORED AND THE FOLLCWING CALCULATIONS DUNE O RATA
WHICH HAS BEEN PREVIOUSLY READ IN,

JUST BEFORE STATEMENT # 21 [T IS POSSIBLE TO CHCOSE WHETHER
1C:

P) PRINT INLIVIODUAL SUBJECT DAILY SUMMARIES, GR

S) DO NOT PRINT THESE SUMMARIES.

IN THE SUBROUTINE “TREAT", [T IS POSSIBLE TO CHOOSE [F:
1) ALL MEANS ARE CALCULATED, OR
2) INDIVIOUAL MEANS ARE CALCULATEC, UR
3) MEAN & SUM COLLMNS ARE SET = ZEROD.

-PRINT INDIVICUAL DAILY SUMMARIES-

READ AND REAC CATA CONT INUE WITH
WRITE DATA ONLY PAST DATA
CALCULATE
ALL MEANS DIRECT=C DIRECT=1 DIRECT=2
CALCULATE
INDIVICUAL DIRECT=3 DIRECT=4 DIRECT=5
MEANS CONLY
SET ALL *
MEAN & SUM DIRECT=6 DIRECT=T7 DIRECT=8
COLUMAS YO
LERO

=DO NCT PRINT INDIVIOUAL DAILY SUMMARIES-

READ AND READ DATA CONTINUE WITH
WRITE DATA ONLY PAST DATA
CALCULATE
ALL MEANS DIRECT=9 DIRECT=10 DIRECT=11
CALCULATE ’
INDIVICUAL DIRECT=12 DIRECT=13 DIRECT=1¢4
MEANS CNLY
SET ALL
MEAN & SUM DIRECT=15 DIRECT=16 DIRECT=17
COLUMNS TO
LERC

7

OCOwW1193
ULDWLZ w0
1ICNW121i0
UCDwl2249
OCOWL230
OLDW1249
JCDW1250
OLOWl260
uLbwle?d
UCDW128u
GCDW129C
OLDWL3uY
OCoOwi3l0
OCDW1329
UCDW133C
UCDwli40
OCDW1350G
JCDW1369
OLOW1370
UCDWLl380
NCDW13990
OLOwW14CO
UCDW1410
OCOwl420
OCDWl430
UCOWl440
COwWl450G
UCDWl460
UOCDW1470
adCowWl4sl
OCOwl&9)
OLLW1500
aCDwWls 1o
UCDWL520
OCDOWL530
UCDW154G
OCDWLS5C
UCOW1S6L
OCDwWiSTO
UCNW1580
OCDwWl59d
OLDWL600
OCDW1ls1l0
OCDW1620
OLDOW163G
UCDwWlé640
OCDWl650
OCUWl660
UCDWl6eTC
UCOWl6HD
OLOW1690
ULDWLl700
aCDwWl710
OCDwWl720
OCDW1 730
UCDWL 740
OCDRm1750
ULORL 7602
UCOWLTTU
UCOhwWl 780
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11

12

12

SO0

(g le!

a0 ad

199
198
197
4399
498
497
496
196
185
189

188

187

FORMAT{3(IZ2,1X) yF3e0,2X:1612,9X,3F5.0,2X,211,201%X,12)) OCDwWl790
FORMAT (15F5.0) OCOwmlBLD
FCRMATI312:3F7.0,F6e0,F5.0+F2e0,14,4F5.0,2X,%4A%) OCOwlalo
FORMAT{1HL) UCOWla20
FORMAT (LH-} OCOwWiB830
FCRMAT (LHO} UCDwWlB84D
FCRMAT(1H ) OCOwWi8%
FORMAT({ 2NA%) OCOWLl860G
FORMAT(LlH=9/ 333A4s/933A4, /) uLbwlsero
FORMAT(IHL /7 //4T2y"WATER REQUIREMENT DATA PRESENTATION —---— 0CD CONUCDWLHEO
LTRACT CAHC2C—-68-C-UlT73 --- TEST NUMBER ',124's =-=- 412, ' SUBOCDWLB90
2JECTS FUR '"4312+" DAYSo'y//4TZ2sF3,C," OF THE "412," SUBJECTS COMPLEOCDWLSuY
3TED THIS TEST. *3//, T2,"THE UNITS OF INPUT SUBJECT WEIGHT UCDW19.0

3ARE ' ,3A4,4//9T2,*THE AVERAGE SUBJECT [S ASSUMED TO BE A ",4A4,", A0COW19230
4ITH AN AVERAGE METABULIC RATE UF '"F%.0,4°® BTU/HQOUR. ", /,T2,'THt ABOQACDW19?39
SVE METABOLIC RATE MIGHT ALSU BE EXPRESSED AS ',Fb6.l,' OTU/CAY 0% '0OCDW19340
69F5.09" KILOCALORIES/UAY %y /72, "KLEIBERS LAW IS USED TU DeTERMINEULDWL1I359
7 METABCLIC RATE, USING AN EXFONENTY CF Y, F5.34/4/7/7, OCDWl1963
972, *FCCD DATA', /,T12,"SURVIVAL CRACKER: TOTAL MASS =?,Fb6.04* GRAMS(OCDWISTGC
As MCISTURE FRACTION ='3FT7a%y sty /s T22,"0RY BASIS FRACTIONAL CUMPCOLDWIO9ED
1SITICNS HAVE BEEN FOUND TGO BE: PROTEIN ("4F5.3,") FAT( " yF5.3,"10CDOWLI90
2 CARBOHYCRATE [ *3F5.3,%).",/,T12, "SURVIVAL CANDY: TOTAL MASS =',UCDW200Q
3F6.3s" GRAMS. MOISTURE FRACTION =',FT.4,%.%}) DCDwW2L10

1891 FORMAT(1IH ,T22, *DRY VBASIS FRACOCDWZD20

4TIONAL COMPOSTITIONS HAVE BEEMN FOUND TO BE: CARBUHYDRATE (',F5.3,°'0CDW2030
5)a®y /s T12:'IN BOTH CRACKERS AND CANDY THERE IS SOME ASH.',//,TZ."MOCDW2U40
60ST SULRJFCTS METABGLIZED TISSUE. FCR MASS DETERMINATIUNS, THIS TIOLDWZ250
TSSUE HAS BEEN ASSUMED TO BE 'oF4.2,' FAT, THE REMAINCER PROTEIN.',0CDw2leC

8///, OCDwW20CT70
9 OLDWZ2080
BY2,'SEVERAL METABOLIC PARAMETERS FOR: PROTEIN, FAT AND CARBUHYDRAUCDWZU90
ITE®y /75, "COEFFICIENT OF DIGESTION Py FBo2sFPe29F12e24/,75,"FUELUCDRWZLI00
2 VALUE (KCAL/GRAM) "4 F9e33FGa3oF12.3¢/4T5.'0XYGEN REQUIRED (0QLOWZLLQ
IGRAM/GRAM) " yF9¢34FFe34Fi2a34/,T75,°CL2 PRODUCED {GRAM/GRAM) ', FIOCLDW2120
Go33FGa?,F1l2:3,:/4T5,"WATER PRCOUCED [GRAM/GRAM)® ;2F9,.3,F12.%,///,0CDK2130

572, "ASSUMED VALUES FOR EXCRETED MATERIALS: '3/ T5,'SPECIFIC LRAVITYOCDWZL 40
6 OF URINE =",Fb6.3," AND ITS wWATER MASS FRACTION IS'sF6e3,/,T75,'THEOCHWZ1S50
7 WATER MASS FRACTIGN OF FECES =',Fbe3¢/+T5,'THE WATER MASS FRACTICULDW2169
8N OF MENSES =",FB0.3¢/3T5:THE WATER MASS FRACTION OF VOMIT =',F6.300L0W2170
L= N & T2:*THIS IS RUN MUMBER ®,1[2,//) 0CDWZ21890
) GCDW2190

OCDWZ200

OCDW221G

FORMATIIHL.//7,73,*T S D INIT EVE END VER20I FDUI CANDY VUUCDwWZ22:c0
1RO MFECO MENSES VOMIT NAME & AGE'/) OCDwW2230
OCDn224G

UCDW2250

CCDW2260

FORMATILIHD » 312, F8 e 30 2F T3, F0a04F5.29F0.2sFbolsFSa03FTal s F6a1,1X4AUCONWZ2TI
141} OLDW2Z80
UCDw2290

UCDW23L0

(ICOW2310

0CDwW232C

UCO% 2330

OCDW2 3540

OLDR235C

UCDwWZ3su

OCOW23TO

UCDwW238¢C
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73

186 FORMAT(LHL,///,T24°TEST NUMBER *,12,". DATA FROM ', ,444,%. SPECIUCOWZ2390

1AL NOTES: %, 16A44/,48BX320A4,//,T2,°VARIABLE NAME (UNITS) CAY 1 BDAOLDW2400C
2Y 2 LCaYy 3 DAY 4 DAY 5 DAY & OAY 7 0AY B DAY 9 DAY 1U DAY 11UCDwh2&lu
3 CAY 1z DAY 13 DAY 14 MEAN SUMY o/ /4 T240-~=—— INPUT DATA-==-- ') UCNDwW242u

15 1861 FORMAT(LIH T2, INITIAL WEIGHT (KG) o {LS5(-3PFTo2)) s/ Ty "EVENING WOCDW2430

LEIGHT (KG)* 2 (15(=3PFT7+2))+/+T2,"FINAL WEIGHT (KG) 'y L 15(-3PFT7.20LDW2440
2V ) /73 T2, " WATER CONSUMED (ML) ", (1l6(OPFT7.0)1)+/,T12,"FOUD UNITS CATEOCOW2450
AN (B) ', (16(ZPFT7a2))e/+T2,CANDY BITS EATEN (#) ', (1610PFT72}),/4T72,0CDW24L0
4*YRINE VOICED (ML) g (L6IGPFT.0))e/eT2,"'FECES VUIDED (GM) '3 L10LDRZ4TO
S6{0PFT.C)) /T2 "MENSES VOIDED (GM) ' (LO6(CPFTeTl) o /a T2, VuMITUS UCDWZ&BO
6VOICED (GMI " (16I0PF TG Yo/ /T2, —CALCULATED RESULTS-',/,T2,*AVERDCDWZ49)
TAGE WEIGHT (KG) ' (15(-3PFTac) )y /T2, "wEIGHT CHANGE (%)', (16(5PGLOW2S5CY
BF7e2)) /T2 "WEIGHT CHANGE (GMY® y {LEUDPFTa0) )4/ T2, "METARILISM(KUCDW2510
CAL/CAY)Y" s {L6(DPFTa0) )19/ T2, "METABULISMIBTU/HOUR)®, (1610PFT.0))4/,000m2520
AT2,'RESPIRATORY QUUOTIENT® {15{(0PF7.21),//7,T2,"UVERALL MASS bBALANCEUCDWZS 30
1%,/,T72,'FOOD MASS IN (GM)'y{16{GPFT7.0)),/+T24"WATER MASS IN (UCDW2540
2GMIY y (1O6(CPFT0) ) o/ o T2, "OXYGEN  MASS IN (GM) 'y (16(CPFT.0))) UCDK2550

16 1862 FCRMATILIH ,T2,"URINE MASS OLT (GM)'",(1l6FT.3)s/»T2,"FECES MASS OUICDWZ560

17

18

13

20
FAY

c
‘TENSTON®*
22
21

24
25

1T (GM) ', {16F 7.0+ /: T2, TMENSES MASS CUT (GM) ' [16FTeN) /T2, VOMIT QCOW25T0
2 MASS CUT (GM)'", [16FT.G)s/,T2,°C02 MASS QUT (GM) ', IL1&FT.2)4//,TOCDKW2580
32,"ENERGY SOURCES (KCAL) '/ T3 ,'FCCOD MeTABCOLIZED® 43X, 16F Te0y/+T3,'0C0ONW2597
4TISSUE METABOLIZED "o (16FT7a0s /T2, MASS OF TISSUE (GMYY(16F7.0)UCDW260V0
Se//+T2,*WATER BALANCE (GM) 'y /,T2,%IN: FOOD METABOLISM ", (16FT7.0100DW2610
bp/ s T&, " TISSUE METABOLISM "3y (16FTs0) /¢T3, '"WATER+FOUD MUISTURE®, (160C0n2620
TEFTel0) /s T2,'0UT: WITH URINE" 35X, (16F7e0) /s TT7 " WITH FECES',5%X,(16FOCOW2630
BTold) o/ sTT '"WITH MENSES 34K (LOFT01 3/ TT ' wiIlit VOMITUSY 33X, {16FT7.130CDR2640
)y e Tay Y EVAPORATIONT 34X o (16FTol}b e/ /T2, '"CHANGE UF WATER PUOUL® « /OLDWZE5Q
Ay TTy " (CRAMS) " yBXy(16FTaU) o/ o166, (PUUNDS )", TXy(L6FTa2)4/,T5,"{PER UCDW2660
L1CENT ), TX, L16FTa2)) UCDwW2s6170

185 FORMAT(LHL o///+T2"TESTSUB NCo®3202» *s DATA FROM ',4A4,'. SPECIUCDW2680

1AL NOTES: *,16A4,/,48X,21A4,//,T2,*VARIABLE NAME (UNITS) DAY 1 DAUCDW2690
2Y 2 Cay 3 DAY 4 DAY 5 DAY &6 DAY 7 DAY g8 DAY 9 CAY 12 DAYy 110CDW2700
3 DAY 12 OAY 13 DAY 14 MEAN SUM® 3 /T2, 4 —>=—— INPUT DATA--—==- ') OLDW2710

184 FORMAT{IHG ¢312,5F1Cel sFlUa5sF L1001/ 9034212, 7FLJels/413+,212,7F12.1,0C0W272%

1790134320122 3F10.0+2F1lCa532F10eT3/313,212+2F10.T7) OCDW273u
. OCOwW2 740
REAL METAB,MPCRM,MPCNM MSFH2C . MUROV ,MURCUB,MFECOB ,MENSUB, MYVUMTB,MFDIICDW2ZT50
10DMMFCONB y MH20I My MH20IB s MFECO y MTISHMM o MTISMB o MENSES yNAMWT [ {5V 'K ILUCOWMZT6U
2CP o "CRAMY 1S "o "POUNY,"0S Tt P/, SUBXMIOCDW2TT0
32)/72.5T5EC+72.5THEQ/ ySHTYPIE)/*16L "3 "LbBe "p"™MALE'y" "4 7140 *,'L30CDAZTEU
4o TLIFEMA','LE '/ ,METABM,METABB yNaMsNMFCUN NMH20] 4NMTISM,NAVAPM OLDW2790
INTEGER DNE/L/TW0O/2/THREE/2/:FOUR/4/FIVE/S/ OCUW2800
NCLW2E LD
DIMENSION WYIE22:200 yWTMi20,20) ,WwTF{2D,20),VH201122,20),FDUL(20,200CDW2820
2VsCANCY({20520) g VURU( 204201 ¢ MFECD(2U420) s MENSES(2D427) ,VUOMIT{20,20)10CUN2830
I, SBNMAGIZ20 34) 4COMENT (3T ),GM02120,20L1,GMCO2(2C,20)4RA{255 2T, AVAPMIOCDWZBA0
420,201 ,UPO0OLMI20,20) yDPOOLF120,20) ,EAFIMI20,20) 3 APUOLMIZ2L ), PNWTFTIOCDW2450
520} CNETMI20420) s WMI{20,20)4DWTMI20,20)PCWT(20,2C) MFO3DMI 274200 3 MOCDW2860
6EH20IMI2C20) yMURCMEZ0 42C ) g MTISMM{20¢20) t AAFTIMI20420) 3 AATMM{ 2,271 ,0C0RZ3T70
TCUMPLF{Z7) oETISMM(20,20) yAEXLOMI27,20) yAEXFUMIZ2D,20) s AEXMUMIZ2,20)UCDK25B80
By AEXVOMI20:2C)1 s QMETBI2C,20)yCPCOLB{2C20) ¢COMVURII LS ,20) pNWMI27,20)00LDW2BY0
9y NMFCCL {2020 )y NMH201{2020) s NMTISM(20420)yNAVAPM(20,2U0) OLDW29U0
OCDw2910

LIMIT OF S CONTINUATION CARDS EXCEEDED
INTEGER SEX,WTUNIT,DIRECY 0CDwW2920
CCMMCN /SHIFT/ NTEST NSUBS,NTDAYS,CIRECT WTUNIT,SEX,FACTGRI(2}),8 UCDWz9 30
0CDwW2940
ULOW2950
READ{S+196) (SBNMAG(L1T7,J)eJd=Lls4) o {SBNMAGILB,J)ed=1,%) OCDWZ960
FACTCR{1) = 1.E3 aL0w2370
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20
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32

a5
36
a7
28

39
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42
43

45

46

47
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[aNaKa Ra

1C0O

FACTCR(2Z) = 453.56E0Q (HCNW2980
UCDW29%4

CCMMUNAL URINE PCOL OCLDw300L
UCNW3C L0

DO 1cQ0 I = 1,10 NCDW3122
00 1090 J = 1,20 (ICDOW3% 30
COMVURLI J) = Q.AEG OCDwW304y
READ{S,178) (COMVURI3,J)sd = 1,6} UCOniubu
‘ CLLRIVED
OCDw3)T7u

READ ICENTIFICATION AND CONTROL PARAMETERS UCDw38u
UCOW3YC

1 REAC(5,199) NTEST,NSUBS,NTDAYS,B,NSLyNS2Z,NSI,NS&,NSS,HNSE,NST,HS5B, CCOWILCO
I NSO ANSI O aNSLL o NSL2pHNS13 g NS4 s NSLIS NSL6,EXM,TSFF,METAR ,SEXsWTUNTTULLDW3ILLO
2 DIRECT ,NR UCDW3L2¢
REAC(S,198 IMPCRM,CRFP;CRFF;CRFCyCRFHEZUsMPCRNMCNFC sCNFHAU,COLP,COCFGCURIL 30
1,CODCFVP,FVF,FVC NCoOw3lsaO
READIS, 198 )AMETP,AMETF,AMETC,GM02P ,GMO2F ,GMD2C ,GMCUZ2P,GMCO2F ,GMCNZUCDWILS50
1C,SPCURDsURFHZ20 ,FEFH20,M5FHZ2C, VOFHZ20 QChrdlel
ULDwW3l7¢

1F THEIS IS THE END OF THE DATA SETS, GO TU STOP. DCDOwileo
OTHERWISEs CONTINUE. OCDw3lwd
UCDw320u

IFINTEST.EQ.99) GO TO 5¢C JCDw32 iy
OCDw3220

SET UP SUBSCRIPTS FOR SUBJECT SEX AND INPUT WEIGHT UNITS. OCUW3Z 30
(CDW3240

MSX = 4%SEX - 3 UCOwW3250
MSX1 = mMSY + 1 (CDw3260
MSX2 = ¥S5X1 + 1 OCLDwW3270
MSX3 = MSX2 + 1 1COW3Z2H
OCDW3290

NWT = 3*WTUNIT - 2 UCDK33JG
NWTl = NWT + 1 0CDwW331C
NWT2 = NWT1 + 1 OCDW3I320
OLDw3339

OCDw3343

CALCULATE CODMNSTANT MULTIPLIER 1IN METABULISM EQUATION, AND CHANGE OCDW335v
THE INPUT METABOLIC PARAMETER TO METRIC AND BRITISH ENERGY PER DAYOLDLw3360
ULOwW3370

METABB = z4.EQ*METAB OCDW3380
METABM = 0.252EQ*METABB OCDW3390
FMETRM = METABM/{SUBXM(SEX)*2EXH) UCDwW34ud
NCDW3410

UCDOWi420

WRITE FARAMETERS 0L0Ow3439
UCDW3440

WRITE(&,189) NTEST NSUBSNTODAYS B sNSUBS,NAMRTI INWT) s NAMWT ITINWTL ) 4NUCDW3450
TAMWTI{NWT2) SBTYP(MSX),SBTYPIMSXL),SBTYP{MSX2),SBTYP(MSX3),METAR, UCDW346
2METABB +METABM,EXM, MPCRM,CRFH2O,CRFP sCRFFyCRFC,MPCNM,CNFHZD UCDA34TG

WRITE(E+1891)

REAC ANL

REAC(5,196) {COUMENTI{J)ed

WRITElGs1

WRITE ANY COMMENTS REGARDING THIS RUN.

95 ) (COMENT{J)ed =

CNFL T5FF ,CODP,CUCDW3480
300FyCCEC,FVP,FVFFVC,GMU2P,GFMU2F ,GMO2Z2C ,GMCU2P,GMCOZF,GMLCO2C AME TP ,ULDW 3490
4AMETF AMETC ,SPGUROURFH2O,FEFH20,M5FHZ0U, VOFHZO0,NR

ULDW35CY
OCDW3510
UCOw3520
OLDW3530
OCDA3S4L0
UCDwW3550
OCDW3I562
OCDW3STO
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75

ULDK3ISEY
DCOW3IBY90
UCDwW36u0
ULOwmibLlu
UCDwW3s6249
OCOW36 30
3 READ{S+197) NTESToleJeWTI(T o)y WTMOI o) o WTFIIod) 4 VH2OTUI 3 ), FDUTLIOCLW3640
1'.]) pCﬁ?\UY(I.J’.VURG‘['J,QHFECO(IlJl,NENSES‘ I,Jl,VDHIH I|JJ|ISﬁf€MAGULUh}bSJ
201,1S8),I5=1,41} UCDW3650
NCDw36 70

WRITE(G, LBTINTEST g Iod o WTI{I ) WTMITI o) e WTF(I,J),VH20I(I,J),FDUILIVOLDW3ABENG
1:4),CANDYLT 3 ) VUROD(T 4J) yMFECO(T 3J) ¢MENSES(IJ) 3 VOMIT(I,J), 1SBNMAGOCDW3690

WRITE(&,188)

2 IFICIRECT - {({DIRECT/31%23)+¢]1))3,4,9

211,151+ 15=1+4) OCDW373C
GO 7C 5 HCDW3TIN
OCDW3T72G
OCDW3730

4 READI(5,197) NTEST ol sy WTI{I ) WTMILIJ)eWTFELLJ) oVH2OIU(T 3J),+UUT(TIOCOW3TSO
15J0) +CANEY (T oJ) o VURUCT o) s MFECO(T 2 J) yMENSESTIoJ o VOMIT(I,J)5{SHBNMAGOLDOWATSO
2{1+15),15=1,4) OCOW3T64

OCOwW3T7T7
OCDW3760
OCDwW3790
UCDW38C0

S IF({IeANEaNSL) o ANDe [TaNEaNS2) cANDo (I aNEaNS3 ) ANDe {1aNEaNS4) o AND T 0COW38I0
INEoNSS) o AND o { IaNEaNSE) o AND (IeNEaNSTY s AND o [T o NEJNSB) o AND G {[ . NEJNSIOCOW3IF20
2) o ANC o (I NEGNSLD} o ANUG (T aNENSLL ) e ANDo (]l oNENSL2) o AND{l o NELNSL3).00DKW3830

acaa lala

OGO 0O0O0

3ANDo (T oMNEaNSLla) o ANDe [ IolMENSLIS) s ANDe{INE.NSL16))IGO TO 6 UCDwW3840
[F{{I.EQeNSUBS) s ANDo (JoEQ.NTCAYSIIGC TQ 7 O0COw3d5u
0CDwW3860

ULDwW3870

Go 10 2 OCDW3Bda
THE PRECEDING IF STATEMENT AND THE FOLLOWING "ZERQOERS"™ TAKE CARE QOCDW3890
OF THE LATA TREATMENT FOR SUBJECTS wHO DID NOT COMPLETE THE TEST. OLDW3900
GCDwW39190

WTI{IeJd) = D.0EQ OCDwW3920
WTMIT,J) = D,L.0E0 ULDW3330
RIFLTJ) = Q.0EQ OCDW33940
VHZO0I{1,4J1 = 0.CEDQ OCDW3950
FODUI(I,J) = DL.QEQ UCDW3960
CANDYI(I,J) = 0.CEO0 UCDW39T7G
VURO(IL,J} = 0.0E0 OCDwW3980
MFECC(I+J) = 0.0EC OCDwW399Q
MENSES(I J) = J3.0EQ OCDW&ILY
VOMITLIJ) = 0.CEQ UCDwalLlu
NAM{1,J1} = 0.0EQ OCOwW4(020
NMFCCL(IsJ) = 0.,0QEQ UCDW4030
NMHZCIlI,J) = 0.0E0Q OCDWaD 40
NMTISM(I.J) = 0.0EOQ OCDW4050
NAVAPM(I;J) = 0.,0ED QCDw406EC
IF((I.EQeNSUBS) e ANDoa{JoEQ.NTCAYS)IGO TO 7 UCDW&ULTO
GO TO 2 . OCOwW4uB0
UCDW409)

(OCDRW&130

OCOW4110

CONVERYT INPUT WEIGHT CATA TO GRAMS OCDW&L20
NOTE: TF ONLY PARAMETERS ARE CHANGED, THIS CONVERSION HAS UCDwW4l 3G
ALREADY BEEN DONE ON THE INCIVIDUAL SUBJECT OATA AND UCDWal4auy

IS THEREFORE SKIPPED. OCDw4150
OCDW4160
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DO 8 [=1,NSUBS
DO B8 J=1,NTDAYS
WTI{l[sJ} WTI(YJY*FACTOR(WTUNIT)
HWIM{I,J) WTMIIJ)*FACTOR(WTUNIT)
WTIFI(1,J) WIF{I o J)*FACTOR{WIUNIT)

I nu

GO TO MAIN PROGRAM

TURN TC NEwW PAGE OF OQUTPUT
WRITE(E,499)

THE FCLLOWING LOOP CALCULATES AND STORES THE VALUE OF VARIABLES
FOR EACH SUBJECT ("I"), FOR EACH LAY ("J"),

DO 16 I=1,NSUBS
DC 16 J=1.NTDAYS

FIND THE AVERAGE WEIGHT OF ®I" UN DAY ®JR,
WHMIT,J) = ((WTI(T ) eWTM(T,, D 4+RTF(I,4))/3.EQ)

"]l% DURING
= WTI(I,Jd)1)

"J--

FIND THE WT CHANGE OF
CWTMII:Jd) = (WTF(TI,J)

DETZRMINE THE TOTAL METABOLIC ENERGY OF "I™ DURING "Jv¥,.
DLGTHC = 1,.EQ

IFI{NTESTLEQe31cAND el JEQ1) IDLGTHC (21.5E0/24.E0)
[S{INTESTeE0e3) s ANDG{JLEQab ) IDLGTHC 12.5E2/24,E31
QMETM(L,J) = FMETRM®((WM({I,J)*L.E-3)**¥cXM)*CLGTHC
QMETB(I,d) = QMETM(IL,J)/6.04EET

[[IT]

CALCULATE wT CHANGE FOR ™I"™ CURING ®J" AS A PERCENTAGE OF "[ts5w
INITIAL WT AT THE START OF THE FEST.

[F{WTI{I.,1)NE-0.CEQ}GO TO 11

PDWT{1.J) = 0.7EC
GO TC 12
POWT(I,d) = (OWTM{I,J)/wT1(1,1))*1.0€2

TOTAL PASS INPUT OF FQOD LESS THE WAYER IT CONTAINS.
MFOCCP(I.J) = (FDUT(IL,J)-CANLY(I,J) )*MPCRM*(1.CEC-CRFH20)
11,J)*MPCNME{1.0EQC-CNFH20)

TOTAL MASS INPUT OF WATER (AS WATER AND AS MOISTURE [N FOODI).
MHZ2OIMI(I.4) =
1CANDY (I JY=MPCNM*CNFH20

TOTAL MASS QUTPUT QF URINE AND WATER DUT WITH IT

= YURO(I,J)#S5PGURC
= MURCGMI(I,J)®URFF20

MUROM(I4J)
AEXUOMIT+J)

VH20I(I,J) + (FOUL(I1,J)-CANDY(I4J))*#MPCRM*CRFH20 +

76

ULDwal 70
OCDwWal 80
OCUW4 19
UCDw4 200
OCDW4213
UCDW4230
CLDw4a240
UCDW4250
DCDOW&4260
OLDn&2 70
OCDOwW428GC
OCOW4 290
OCDwW4300
OCDW4%310
OCDwa329
UCDW4330
0OCDW4&340
OLDW4350
DCDwW4360
OCDW&4370
OCOw4380
UCDw4 390
OCDw4430
OCDW4410
UCDW442C
UCOw4a430
OCDWa450
UCDk&450
OCDwW4460
UCDWeaTO
OCDw4480
UCDW4490
UCDW450C
OCDwW4510
OCDW4520
OCDW45130
OCDW4540
UCDW&H5I
UCDW&56W
QCOwW4570
OCDwWae5BU
OCDW4590
UCbWa4610
OCOwn4b623
UCDW4630
OCDW4640

+ CANDY(OCDwW465C

UCDW4660
OCOwWabs 70
OCDw46810
UCOW45370
QCDwWaTUG
UCDw4 710
UCDW&T20
OCOW4T730
UCDw4740
OCDw&T5C
OCDW& 760
OCDW4TTO
UCDW& T80
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TOTAL PASS OUTPUT OF FECES IS MFECU(I.J)e FIND WATER OUT WITH IT,

AEXFOM(I,J} = MFECOIlI,J)*FEFF20

TOTAL MASS OUTPUT OF MENSES IS MENSES(I.J). FIND WATER OUT ®ITH

AEXMOM(T,J4) = MENSES(I.J)*MSFH2O

TOTAL MASS COUTPUT OF VOMIT IS VOMIT(IsJle FIND WATER OUT WITH IT.

AEXVYOM{I,Jd) = VOMIT(I,J)*VOFF20

CALCULATE THE ENERGY AVAILABLE FROM THE FCOD CONSUMED AND THE
WATER PRODUCED BY THE METABOLISM OF THIS AMQUNT OF FOOD.

EAFIM(I.J) =
1DF*FVF + CRFC*CODC#FVC)*{1.EC-CRFHZD)
25FVC*(1.EC-CNFH2C)

AAFIM(I,J) =
1CODF#ANMETF + CRFC#*CCDC*AMETC)*{1,0EJ-CRFHZO]}
cFC¥CCCC*AMETC*( 1.0EU-CNFH20)

DETERMINE THE AMCUNT UF ENERCY wWwHICH HAD TO COME FROM METABOLISM
OF TISSUE TO MEET THE METABOLIC ENERGY RECUIREMENTS,
- EAFIMI(I,J)

ETISMM(I,J) = QMETM(I,J)

FINC THE MASS OF TISSUE REQUIRED TGO PROVIDE THE ABOVE ENERGY AND
THE wATER PRODUCED BY ITS METABOLISHM.

ETISMM(IJ)}/(TSFF#FVF + (1.0EC-TSFFI*FVP)
MTISMMIIJ)*(TSFF®AMETF + (l.OEQO-TSFF)*AMETP)

MTISMMII,J)
AATMMI(T,J)

won

CALCULATE OXYGEN CONSUMPTION DUE TG METABOLISM

GMO2(I,Jd) =
100F#GMC2F + CRFC*CODLC*GMO2C)I*(1l.EU-CRFH20)
2*CODC*GMN2C* (1o EC-CNFH20) + MTISMMIIL,J)*(TSFF®*GCMO2F +
3%GMC2P)

CALCULATE THE CARBON DIOXIDE PRODUCTION DUE TO METABOLISM,

GMCOzZ(T1,4) =
1*COCF*CMCO2F + CRFC*CUDC*GMCC2C)*(1.EQ-CRFH20)
2CNFC*CCDC*GMCO2C*{1 . EO-CNFH2C) + MTISMM{T,J)*{TSFF*GMCO2F +
2-TSFF)*GMCOZP)

OCDw&790
ULOW4800
OCDwW&8LU
OCDw4B20
OCDw4830
UCDwWeB40
OCDW43852

[TOCDOW&BoU

JLDwW4B 70
UCOw4880
OCDw&890
OCOw43900
UCDW4910
OCNDw492u
UCDW4330
OCDOw494Q
0CDwW4350Q
OCDW4360
OCOW4970
LCDwW438G

(FODUI(L4J)=CANDY{IJ))*=MPCRM*(CRFP*CONP*FYP + CRFF*CO0OCDW4990
+ CAADY({I 5, JY*MPCNMECNFC#COLCOCDWSICT

0CDOwW5010
UCDWS5220

(FOUI(I,J)-CANDY(I,J))*MPCRM*{(CRFP*CODP=AMETP + CRFF*0OCOWS5030
+ CANDY(I,J}*MPCNM*CNOCDWSJI&0

CCDW5250
UCDwW5060
OCDWS53TO
UCDWHO 80
OCDW5.-90
CLOWS51GO
0CDW5110
OCDOwW5120
O0COwW5130
OCDwW5140
UCDOW5150
OGCOw5160
OCDWSL TV
UCDW5189
OCOW5190
OCNK5200
LCDW521¢
OCDwW5220

(FOUILL,J)-CANCY(I,J))*¥MPCRM&(CRFP*CODP*GMU2P + CRFF*COCDW5230
+ CANDY( T, J)*MPCNM*CNFCOCDWS240
(1JES~TSFF)IOCDWS5250

OCOw5260
OCDw5270
OCDwW5280U
UCDOW5290
OCDW530v

(FDUI(I,J)=CANDY(I,J))#MPCRM*(CRFP=CONP*GMCO2P + CRFFUCDWS310
+ CANDY (I +J)#MPCNME0CDW5320C
(1."E50CLWS33D

UCDwW5 340
NCDW5350
OCDW5360
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CALCULATE THE RESPIRATORY QULTIENT,

TF{GHMC2{yd)NE.DLOEC)IGD

RCIT 4}
GO TO 14
13 RA(I,4) =

= U

« JECQ

To 13

(GMCD2{1,J)/44.011EQ0)/(GMO2(1,J)/32.E0)

CALCULATE THE MASS OF WATER LOST BY EVAPORATICN.

14 AVAPM({I,J)
1 MUROM(I,J}

= MH20IMII,J)
= MFECO(I,J)

+ MFOODM(I,J)
~ MENSESI(I,J)

+ GMOZ2(T,4) -
- VOMIT(I,Jd)

GMCUzI(1,J) -
= DWUTMIT,J)

CALCULATE THE CHANGE IN THE BODY WATER POOL.

DPOCLM{I,J)

1- AEXFOM{I,J) - AEXMOM(l,J) -

DPOCLE(I,J1}

+ MR2CIM(I,J)
AEXVOMI I

= DPOOLMIILJ)/FACTOR(2)

rd)

+ AATMM(I,J) — AEXUOMII,4)
- AYAPNM(1,J)

NCDwW53172
ULBwo3eJd
CGCOW5 39
UCDWS4ud
OCDW54 10
QCDwWS 420
UCDwWS4%30
UCOwWS440
UCDW5450
OCOw5462
UCDW34TH
OCDW54b2D
NCDW5490
UCDW5539u
OCDW5510
OCLOW5S520
UCDW553¢C
OCDwWH540
OCDW5S550
OCDW2569

CALCULATE BUDY POOL THANGE AS A PERCENT OF INITIAL SUBJECT wWEIGHT.OCDWS570

IFIWTI{I,1)NE.Q.QOEDIGO TO 15

DPOOLF{I,J)
GC TC 186
15 DPOOLF(I, 4}

= 0,.CEOQ

= (OPCOLM(T+J)/wTI{I,10)*1.0E2

TERMINATE THIS CALCULATION LCOP.

16 CONTINLE

17 CONTIMNLE
18 CONTINLE
19 CONTINLE
20 CALL TReATH

WYL}

CALL
CALL
CALL
CALL
CALL
CALL
Catt
CaLL
CALL
CALL
CALL
CALL
CALL
CALL
CcaLl
CALL
CAaLL
CALL
CaLL
CALL
CALL

TREAT(WTM)
TREAT(WTF)
TREAT(VH201)
TREATI(FCUL)
TREAT{CANDY)
TREAT(VURDO)
TREATIMFECO)
TREAT{MENSES)
TREATI(VOMIT)
TREAT {WM)
TREAT(PDWT)
TREATIDWTM)
TREAT [GMETHM)
TREAT(QMETB)
TREAT{RQ)
TREAT{MFOODM)
TREAT (MH201IM)
TREA+IGMD2)
TREAT(MUROM)
TREAT (GMCD2)
TREATIEAFINM)

0OLDOW558Q
OCDW5590
GCDw5600
JLDWS5610
OCDW5620
OCDW5630
UCOW5640
OCDWS650
OCDW5660Q
OCOW56T0
OCDW5680
ODCDW5690C
OQCORS U0
UCDLWSTLO
UCDwW5720
OCDW5T30
UCDW5740
OCDWST50
OCDWST6C
OCDWSTTO
OCDw5780
UCDWS 792
OCDW5830
OCOwW5810
OCDW5820
OCDW5830
ODCDwW5840
OCDwW5850C
OCDw5860
OCDWS870
UCDW5880
0CDwW5830
0CDWS93L
OCDW5910
CDW5920
UCOW5930
OCDW5943
OCDOW5950
CCOwW596U
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58
59
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ENSION®

€2

&3

€4

€5

66

&7

€8

&9

10

71

72

73

74

75

21

LIMIT CF S CONTINUATIGN CARDS EXCEECEC
30 IFINTEST.NE.3}GO TO 40

31

CALL
CALL
CALL
CALL
CAaLL
caLL
carL
CALL
CALL
CALL
CALL
CALL

IFIDIRECT.GT.8}G0 TU 30

WRITE INDIVIDUAL DAILIES

Do 22

WRITE{£,185) NTEST 1y (SBNMAGIT,,J}pd=1,4),(COMENT(J),J=1,3T7)

TREATIETISMM)
TREATIMTISMM)
TREAT{AAFIM)
THREAT (AATMM)
TREAT(AEXUQM)
TREAT(AEXFOM)
TREATIAEXMOM)
TREAT(AEXVOM)
TREAT{AVAPM)
TREAT{OPOOLM)
TREATIDPOOLB)
TREAT (DPOOLF)

[ =1 'NSUBS

O0CDw59TC
UCOwWS980
UCDwWa990
0CDW6&EIGY
OCOW6010
UCDwWe2zC
0CDwWou 3l
ULDWO6 40
OCDW6J50
UCOWe960Q
OCDOW6270
0CDW6GBI
OCDW6L90
JCDW6100
CCDwso1130
OCDW612G
0OCDWb6130
QCOW6140
OCDwW6150
CDWe 160

WRITELE, 1860 HTI(T +d)oJ=1os18) gt WTMIT s} 4d=1,15) 3 (WTF(1sJ)ed=1,15)0CDWOLTO
Le(Vh2CTI{T3 01 eJ=lsl6)p (FOUTUI»J)pJd=1:16), (CANDYII 4J)3d=1,16),(VURGIOCOWSLEC
21 9d) 30=1,16) o IMFECO(L4J)3pJd=1,16}, (MENSES(LJ)yd=1,16),(VOMITIT1,4),0C0W6190
3J=1,1€0 3 (nM{led) od=1gl5) s (PDRT(IsJ)3J=1,16) 3 (OWTMIE,d),d=1,16),(QMUCDWE2U0
GETMIT 01 d=1916) 9 (GMETB(I3d)pJ=1,16){RGTII,J}4d=1,15) (MFOULM{I,J)I0CDWE2LC

Sed=lol&) o A{MHZO0IMIT s ) 4 d=1416Y (GMOZ21UL4d)yd=1,16)
22 WRITE{eE,1862) {(MUROM{I +J),J=1,16),{MFECO(L,d)sd=1,16),

UCDW6220
UCOW6230

1 (MENSES({LeJ)ed=1lpl&)y(VOMITILyJd)eJ=2s16)+(GMCUZ2TLJd)3d=1s16)3EAUCDWO240
BFIMIT +J) 9 J=1,16) s lETISMMIT oJ)yd=1416)s (MTISMM{I,J)3J=1,106),(AAFIMIUCDREZH0
Gl 3d) pd=1,16) s IAATPMIL pd) pd=1,416) s (MR20IMIT ) 3d=1,16), (AEXUOMIL,J)0CDWE260
Aed=19 1)y (AEXFOM{I4Jd)sd=1,s16) s {AEXMOMII s d)»J=1+16)s (AEXVOMII,J) ,J=0CDW62TO
11516 ), (AVAPMIT,J) 3 J=1,16)4(DPOOLM(I,J)sd=1416},{DPOOLBI{I ;Jd}sd=1,160(DWe280

2) 2 (DPCCLF(T,J)9J=1,16]

SAVES
Do 31

= 0.0E0
I = 1,NTDAYS

VUROD(LI7,0) = VURO(iT7,1) +

COMVURI{NTEST, I

= 0.0E0Q

SAVEL = MUROMI(1T7,1) .
MUROM(17,1) = VURGU1T,1)*SPGLRO
SAVEZ = AEXUOM{ 17,1}

AEXUCMI1T,1) =

MUROM{1T7,1)*URFH2Q

SAVE3 = AVAPM(L1T,1)

AVAPM(17.1) = AVAPM{17,1) + SAVELl - MUROM(17,1)

DPOOLM{17,1)
CPOOLBILT, 1)
DPUOLFI17,1)
DPOCLF{1R, 1)

{DPOOLMLLT IV /wTI(17,s1))%L.E2

({CCMVUR{WTEST,I1/B)

UCDOW6290
UCDwW6 300
OCDW6310

OCDW6320
OCLwW6330
OCDW6340
OCDwW6350
OCOwWh 360
OCOW6370
OCDW63B0
OCDW6 390
UCD W4T
UCDW64 10U
OCOW6420

DPOOLM{17,1) + SAVE2-AEXUOM(17,[)+SAVE3-AVAPMIL7,[)0C0OW6430

DPCOLM{L1T7.I)/FACTCRI2)

SAVE4 + DPOOLF(17,1)

SAVE4 = DPOOLF(18,1)

VURO(17,15) = 0.0ED
VURC(17,16) = 0.0ED
AVAPM(17,15) = 0.0EQ
AVAPM(17,16) = C.CEC
DPOOLMI17+15) = 0.0ED
DPACLKF(1T,16) = 0.0UEQ
DPOOLBIL1T,15) = Q.0EQ
OPOCLF(1T415) = 0.Q0EQ

OCOW6440
JCDW6450
ULDWO460
OCNWE& T
OCDwW6480
O0CDW6490
UCOwe5U0
OCOW6510
0LDwW6520
OLDwn6530
OCOW6540
UCDwWb550



186
1e7
1e8
1€5
150
151
152
153
154
155
196
167
168
159
2CC
2C1
2C2
2C3
2C4
2C5
2C6
2C7
2C8
2C9
210
211
212

alaNalal

213
214
215

TENSION#*
€17
218
219

220

80

DPOOLBI1T,16) = CL.OEQD OCDwW6560
DPOOLFI17,16) = 0.UECQ OCOWH5TD
O 32 I = 1,NTDAYS ULDmoHBL
VUROD {17,16) = VURL (17,16} + VURC (17,1} OCDW6549)
AVAPM (17,16) = AVAPM {17,16) + AVAPM (1T,I1) QCLwe63G
CPOCLM{17,16) = DPCOLM(17416) + DPCCLM{1T,1) OCDWA6LD
DPOOLB(17,16) = DPLULBILT7,416) + DPCCLBIL1T,I) OCOW6620
DPCOLF(17,16) = DPUOLF{17,16) + DPLCLF(17,1I) UCDWE5 3D
32 CONTINLE UCDmb64G
VURG (17,15) = VURU (17,16) / 5.0ED UCDv6650
AVAPM {17,15) = AVAPM (17,16) / 5.CED CCOWE660
DPCCLNM(1T7,15) = DPCCLM(LT,16) / 5.CED OCDwb6TD
DPOQLBI(17,L5) = DPCOLB(1T,16) / 5.Q0EQ OCDwW&680
DPCCLF(17,15) = DPCULF{17,16) / 5.GE0Q OCDWEH90
DPOOLF(18,15) = DPOULF{17,415) OCOwWo67u0
DPOOLF(18,16) = DPCCOLF(L17,16) OCDw6710
DPOOLMI18,16}) = DPUOLMILT416) OCDOwWeT20
DPCOCLM(18,15) = DPCOLM(17,15) UCDw&T39
VURO(18,15} = VURO(17,15) OCOwWET40
VURC(18,16) = VURO(1T7,.16) OCDm6 1750
AVAPM(18,16) = AVAPM(1T,16) UCOWST6G6
AVAPM(18,15) = AVAPM(LlT7,15) OCOW6770
WTI(17,15) = WTI(Ll7+16)/6.EQ UCDW&eT89
WTM({17,15) = WTIM{17,16)/6.E0C UCDwW6T90
WTF(L17,15) = WIF(1l7,16}/6.E0 UCNW6820
WM{LET7,15) = WMIL17,16)/6.E0 GCOwWe8EL0
RQU17,15) = RQI17,16)/6.E0 CCDwW6B20
UCDwW6840G

UCDwW&6850

WRITE CUT AVERAGE DAILIES FOR MR., MISS., OR MRS. AVERAGE. 0CDw6860
UCDwW6BTG

40 1 = 17 OCDWb84840
WRITE(E,186) NTEST, (SBNMAG(I, Jd)+J=1,4),(CCMENT(J)+J=1,37) UCDwW&890

WRITE(E L1 IMATI NI e J=1ol5) 3 {WTMIIJ)3d=1s15) s {WTF(13d)sJ=131310CDWOILU
ln(VHE’EI{I|J)1J=1'16|1‘FUUI{[|J)'J=1.116)p(CANCY‘['leJz.LQ 16’; lVURD(UCDH6910
201400 9d=1,16) 2 (MFECO(]yJ)2J=1,16), (MENSES({L+J)sd=1416),(VOMITI[,J),UCON6920
3J=1,16805tn Y {Tad Y pd=1y15) o (PURTIIJ)sd=1,16),(DATM(1,J)sd=1,16),{CMOCONWEI30
4ETMIT 4013 0=1,161,(QMETBLT3J) yJ=1,10) (RQII,4J)sJd=1,15), (MFCODMII,J)UCDWEI4U
5¢d=1y 1614 (H20ITM(I 3J) 9J=1+16),(GMOZ2({L+J)sI=1,16]} NCOWe950

WRITE(E,1B62) (MURUMIT,J)9d=1516) g IMFECO(LJ)3d=1,16), UCDwhe360
1 (MENSES(T4J)ed=1416) o (VOMIT(I,3),J=1,16),(GMCO2(14J),d=1,16),(EANCDUREYTO
BFIMIT J)3J=1, 16 o {ETISMMIT 3J) o d=1,1€) o (MTISVMM(I;J)pJ=1:16)(AAFIM{UCOWEYE0
GLpd)ed=1y 160, (AATMMIL,3)3Jd=1,16),{MHZ20IM{I4J)3d=1,16),(AEXUOMII,J)0CDWEYID
AyJd=1,16),(AEXFOM(I4J) 4d=1,16), (AEXMUMII,J)d=1,16), (AEXVOMIT4J),J=0C0WTLIU
11,060, {AVAPMIT J)3Jd=1,16)(DFOCLMII +d)4d=1,16)(0POOLBIIsJ)sd=1,160CNDWII10

21 IDPCCLFIL9J)yd=1,16) OCOwW79520
LIMIT CF S CONTINUATION CARDS EXCEECEC
I = 18 UCDWTG30
WRITE{E,186) NTEST, (SBNMAGI(IsJ),J=1+4)(CCMENT(J),J=1,37) OCOWTJ40

WRITE(E,L1B6L)(WMI204J)9d=1515) o (WM(20,d),43=1,15)5(wM{23,4),J=1,15)0UCORTISC
1, (VH2CT (T 5J) ¢J=1416) 4 IFDUL(T14J)sJ=1,16), (CANDY{I5J)sd=1,16), (VUROD(OCDW7360
213J)43d=1,16) 3 (MFECO(I,J)3J=1+16) 3 {MENSESIIJ)4Jd=1,416)4(VOMITII,J),0UCDWTLTC
34=14916) s {WM(209d) 9 J=1s15) g (PCHTII+J)ed=ls16) o (ORTMIL,J)eJ=1,16),(WOCDWTUBU

4GM(205d) pd=14316) 3 (WMI20,J)9Jd=1416) s (WM(20,3)45J=1,15), (MFUODM(I,J}) OCDW7090
Sed=1y1€), {MH20IMIT 9J) 4J=1+16)+(GMO2(I4d)yJ=1,16}) 0CDOwW7100
WRITE(6,1862) (MUROMIT,J)19J=1+16)y({HFECOUI,J)ed=1,16), CCDwTL1C

1 (MENSES(13J)9Jd=1s16), (VOMITI(I,J)3J=1,16),(GMCO2{1,JI0LOWTLZ0
Lod=1, Lo ({EAFIMIT3J) pJ=1y16) o (ETISMMIT 4J),J=0016) (MTISMMI1,4),3=10CDWTL3L
2916 LAAFIMIT23) 9 Jd=1916)s (AATMM(T 4 J)pJd=1216)y{MH20IM{I,J},0=1,16),0CDWTL4C
3CAEXUCK{T,0) 4 d=1316) (AEXFOM(14+J)3J=15106) (AEXMOMIT ) 4d=1,16),(AEUCONWTLISG



C
KTENSION®*
2zl
222
223
224
2£5
C
c
228
227
228

229
230
221
c
c
C
ARN ING**
JVARNING#**
JARNING*%

222
223
234
235
2328
237
238
2129
240
241
242
243
244
245
246
247
248
245
250
281
252
253
254
255
256
257
258
259
260
2¢€1
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SAVOMIT pJ) o J=1,16) (AVAPM{I,4)4J=1,16),(DPOOLMIT.J},J=1,16),(0CPO0LBACDATLGO

6lTosd)sd=1,16){DPOCLF{IsJ)ed=1,16)
NORMAL IZE SELECTED VARIABLES
LIMIT CF 5 CONTINUATICN CARDS EXCEECEL

CALL NCRMI WM WTI ;NwM)

CALL NCRM(MFOODM,WTI,NMFROD)

CALL NCRM(MH2O0IM,WTI,NMH20T1)

CALL NCRM(MTISMM Wl NMTISM}

CALL NORM{AVAPM,WkTI,NAVAPM)}

PUNCH OLTPUT FOR USE IN STATISTICAL ANALYSIS
CO 45 J = 1,NTDAYS
DG 45 1 = 1,16
45 WRITE(E.184)
1) yPOWT( (L, d)sDWTMII ) o sl o THC,QMETM{IL 3} yMFCODMIT,J) o MHZOLIMIT,J),
2GMO2(14J)y MURCMI T oJ) o GMCOZ2( 14 J) yEAFIM{IpJ) ¢ Js I THREELETISMNMIT yd),
IMTISMMIT o) JAAFTIMUT J) o AATMMUT o), AEXUUMC T, J)AEXFOM (1,0}, AEXMTUML
41pd) 9 ds 1 FOURLAEXVOM(T +J) s AVAPM{T J) oDPOCLMII ¢J) yCPCOLF{T ) oNWMI
S1eJ) o AMFDOC (T2} NMHZOT{15J )9y I FIVE,NMTISMIT 1 J) yAVAPM(I,J)

GO T0 1
50 STOP
END

AVERAGING AND ACCUMULATING SUBROUTINE
498 1S UNREFERENCED

497 IS UNREFERENCED
496 IS UNREFEREWNCED

FORMAT STATEMENT
FORMAT STATEMENT
FORMAT STATEMENT

SUBRCLTINE TREAT (A)
DIMENSION A(20,20)
CCMMCN /SHIFT/ ETST,ISBS,IDYS,IGO,IwTU; ISEX,FACTOR(2) ;B

[SBP1 = [S8S + 1
I1SBP2 = IS8BS &+ 2
1SBP3 = ISBS + 3
[58P4 = [SHES + &
IoyYse1l = IDYS #+ 1
IDYSP2 = IDYS + 2
I0YSPE3 = 10YS+3
IDYSP4 = IDYS ¢ 4
TCAYS = IDYS
IFIITST.EQ.3)TDAYS = 5
Cum = C.OED
DO I I = 1.16
DC 1 J = 10YSP1,20
1 All,sJ) = 0.0E0
B0 2 I = ISBP1,20
DC 2 J = 1,20
2 All4J) = 0,0EC
IFICIGD/3) — 3«{IGD/9) - 113,6,10°
3 0051 = 1.1DYS
DO 4 J = 1,1SBS
4 A{17,1) = ACLT,1) + A(J,1}
AllT.1) = ALYT7,14/B
CUM = CUM + A(Ll7,1})
S5 A(lB,I) = CUM
All7+15%) = CUM/TDAYS
AllT,1&) = CUM
A{lB8,15) = A[17,15)

OQCOWTLTN
OCOw7l8y

OCDWT192
UCDWT220
UCDW7210
UCDwW7220
UCDWT230
DCOWT240
OCDw7260
OCDWT290
OCDW73J0

Je LyONEsWTTI (T 4J) s WTFIToJ)oVH2CT{TJ)yVUROITI o J), WML, JUCOWTI1O

0CDOwWT320
OCDw733u
UCDW7340
OCDwWT7350
OCDWT360
OCDWT380
OCDw 7390
0CcDOwWT7400
OCDWT410
OCDWI420
OCDW7421
QCDwWT7430

OCDWT4+40
OCDWT450
OCOWT460
OCDWT4TC
(CDWT480
UCOwWT490
CCDOWT5350
UCDW7512
UCDW7520
OCDWT530
UCDWT7540
UCUWT5506
DCOwWT560
OCDW75TUC
OCDOW7580
0CDW7593
UCDWT760L0
aCOW76190
OCDOWT620
ULDWT630
OCDWT640
OCOWT654
OCDRW7660
UCDWT7670
OCDWTeBU
OCDWT690
OCDWTT7u0
UCDWTT1G
OCDWTT2C
UCDWT7730



2¢2
263
€4
2€5
266
2¢17
2¢e

269
217G
2171
272
213
214
275
217¢
211

OO0

W

$EANTRY

Aatl8,1¢) = CUM

DO 8 I = L,I5BS

0O 7 J = 1,I10DY¥S

AlTls2€) = AlLIo16) + A(Ll,J)
A(l,15) = A(I,16)/TOUAYS
RETURN

END

NORMALTIZATION SUBROUTINE

SUBRCUTYINE NCORM{A,B,C)

DIMENSION AL20,20),8(2C,20),C120,20)

DG 2 I =

1,16

IFIB{I,1).EQ.D.0)GU TO 2

601 4 =
CltiI,J} =
CONT INUE
RETURA
END

1,14
A(L.J)/B(I,1)

82

OCOWT740
ALOwTT52
UCDWATIED
OCOWTTTC
OCOW7780
OLOWT799
OCNW78LD
OCDwW7801
UCDwT7802
OCOm7gu3
UCDW78U4

UCOwW7810
0Cow7829
OCDW7830
ULUwT840
OLDwW7850
OCDw7860
OCDW7870
UCOwWT880
OCDOWT7890
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ABSTRACT

Water requirements for prolonged shelter occupancy is the topic of this
study by an inter-disciplinary research team of engineers, nutritionists, physiolo-
gists, and psychologists. This thesis presents an engineer's point-of-view on the
topic, including the development of a model of the water pool which exists in a
human subject. This model describes the same water pool described in the physiolo-
gical literature. The project involved testing 96 subjects in 6 tests.

Evaporation as a heat exchange mecheanism is studied and is a major part
of the model. Metabolic rate is treated rather lightly and is accounted for by
assuming a fit of the law of Kleiber, which relates this parameter to the weight
of an individual raised to the 3/4 power. Mitrogen balance is considered to be
negative, in the sense that due to the semi-starvation nutritional conditions of
the tests, some tissue was catabolized. This deficit in nitrogen was not consider-
ed sufficient to rule out an assumption of no net respiratory nitrogen exchange.

The purposes of this study were to evaluate a water ration of 1 quart per
person per day for a 14 day occupancy, to determine if this amount was sufficient
for "survival” and if not, to find the length of time 3% gallons per person would
be sufficient, and find an adequate ration for 14 days. For a survival definition
taken as 7% water nool loss as a per cent of body weight, a ration of 1 quart per
day was found {statistically) to be sufficient for & days. The 14 day allotment of
3} gallons of water would last about 11 days if conswned at the recoumended rate of
1; quarts per day with 960 kcal of OCD Survival Ration. The most observable effect
shown by the subjects who failed to complete the tests was stumbling behaviour. The
recommendation of this study is, for a 14 day shelter stay, 13 gquarts of water per
person per day with 960 kecal of OCD ration ver person per day. The author feels
that such a plan would provide sufficient water and food to meet the metabolic

requirements for survival for 14 days at 82° F. ET in a well managed shelter.
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