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SUMMARYY

The probability that live fish eggs cr larvae, entrained in
cooling water, will be killed is an important element in projecting
power plant effects on fish stocks. This probability, the entrainment
mortality factor or f-factor, is commonly estimated with one of several
relatively simple formulae that use data collected from intake and
discharge water. Such biological phenomena as gear avoidance,
gear-induced mortality, extrusion through nets, and the presence of
dead organisms in ambient water introduce error into the estimates. An
additional difficulty is that, because of small sample sizes, it is
usually necessary to combine data from many samples, taken under
different conditions, before estimating the f factor. A compuier
simulation program, ENTRAN, was developed to aid in the design of field
sampling programs and in the analysis of reliability of entrainment
mortality factor estimates.

The biologist's problem is to use information from entrainment
sampling to estimate the f-factor. While a variety of estimators have
been advanced for this purpose, two formulae seem to have been used
most frequently. Both are based on comparing the proportion of
organisms alive in the intake sample (Py;g) with the proportion of
organisms alive in the discharge sample ?PDS)- The values of Pig
and Ppg are obtained as:

ALIVE
’
ALIVE + DEAD

PIS (or PDS) =

where ALIVE is the number of live organisms in the intake or discharge
net collection bottle and DEAD is the number of dead organisms.

The most commonly used formula for estimating the f-factor is

- Pps
f =
Pls i

This formula, termed the "ORNL" formula in this report, can produce
estimates ranging from - = to 1. It was derived by Oak Ridge
National Laboratory (ORNL) in USNRC (1975) as a means of estimating
short-term mortality upon passage through a power plant's condenser
cooling system,

A second formula which has been used to quantify entrainment
mortality is
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This formula, termed the "OTHER" formula in this report, can take on
values ranging from -1 to 1. It has deservedly fallen into disuse in
recent years. There are no nontrivial sets of assumptions we can find
which allow this formula to produce accurate estimates (although
occasionally, by chance, it may produce correct estimates).

We developed a computer model, ENTRAN, to probe the performance of
estimators of the f factor. The utility of this model lies in its
ability to simulate not only the entrainment mortality sampling process
but also the estimation of the f-factor by either of the equations
presented above. ENTRAN is in essence a stochastic simulation model
based on a "neutral modeling" approach. The entrainment process is
repeatedly simulated, with key variables allowed to vary randomly. In
each repetition the true value of the entrainment mortality factor
(f-factor) is selected, and it is compared with estimates of this
factor obtained from the two alternate formulae discussed above. The
reliability of each formula can then be evaluated by comparing the
estimates of the f-factor with the corresponding true values. Ideally,
a formula would always estimate the true f-factor without error. In
real-world cases, however, this is impossible. ENTRAN enables an
examination of the magnitude and variance of error as a function of
variability introduced by various sampling phenomena.

A number of runs were made to verify the program and to illustrate
ways in which it can be used. In simulations where the mean parameter
values met the assumptions of the ORNL formula, the random variation
alone caused biased estimates. The ORNL formula overestimated
mortality when mortality was high and underestimated mortality when
mortality was low. The "averaging" due to combining samples was
somewhat effective in reducing the variance of this bias, but it had
little effect on the magnitude of the bias. The same results were
obtained for a more realistic case where the assumptions of the ORNL
formula were not met. In some instances, the OTHER formula was a
better estimator of the f-factor than was the ORNL formula.

The program is intended primarily for application to a specific
situation, because experience has shown that the factors in the model
will likely vary widely between different types of sampling gear and
also between species. We intend for the program to be viewed as
flexible, in that the biological assumptions built into the present
version may not best describe, or even adequately describe, a
particular sampling situation or species. When suitably modifiea o
reflect what is known or suspected about the biology of the sampling
situation, the designer of the sampling program can make good use of
ENTRAN to address needs in several areas. The exercise of providing
ranges of values for the parameters will likely indicate to the
biologist where uncertainty about these parameters is greatest. In
conjunction with this exercise, sensitivity analysis of the model will
indicate profitable areas for further research which will be helpful in
improving the reliability of estimates.
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ENTRAN can also aid in determining how to design the sampling
program and how to interpret the results. The program can be used to
study the relative effects of estimating the f-factor from many, small
samples versus fewer, larger samples, and it can indicate how
reliability is influenced by small sample sizes, given uncertainty in
the parameters. It can also be used in a general way to evalutate the
reliability of f-factor estimates calculated from sample data.
Depending on the degree of confidence in the input parameters, the
program will be useful in evaluating the bias of estimates and in
indicating how estimates calculated with a particular formula can best
be “corrected."
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This report describes ENTRAN, a mathematical model that uses Monte
Cario techniques to probe the efficacy of a formula, or of two
alternative formulae, for estimating the f-factor from field data,
given the existence of variation in sampling phenomena and in the
susceptibility of organisms to capture by sampling gear and to damage
by the gear. As with certain other techniques, this medel can aid in
determining how violations in assumptions affect the quality of
estimates from a formula, and which formula is more reliable under a
particular set of fixed assumptions about gear avoidance, gear-induced
mortality, etc. In addition, however, ENTRAN can investigate the
efficacy of making particular improvements in sampling gear, and can be
used to indicate which factors associated with field sumpling are most
important to evaluate to obtain more reliable estimates of the
f-factor. The model thus is applicable both for helping to design
field sampling programs and in evaluating the reliability of f-factor
estimates derived from such programs.

ENTRAN is applicable to retrospective, rather than predictive,
evaluations because it simulates a site for which data are presumed to
be available or obtainable. It is thus empirical in nature, being
oriented to the use of actual field data. It may, however, still have
application to predictive situations. For example, it can be used to
help design a sampling program prior to any sampling at the site, if
something is known about the biological effects of the proposed
sampling gear. Also, predictive models of entrainment mortality
(Ecological Analysts 1977a, Vaughan 1979) generally utilize results
from field sampling programs to define baseline mortality or to
validate the model, or both, and ENTRAN can be applied to the results
of these field sampling programs.
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2. GENERAL DESCRIPTION OF THE COMPUTER PROGRAM

The computer program ENTRAN is in essence a stochastic simulation
mode]l based on a "neutral modeling" approach (Caswell 1976). The
entrainment process is repeatedly simulated, with key variables allowed
to vary randomly. In each simulation, the true value of the entrainment
mortality factor (f-factor) is selected, and it is compared with
estimates of this factor obtained from alternate formulae that have
actually been applied in the real world. The reliability of each
formula can then be evaluated by comparing the estimates of the
f-factor with the corresponding true (selected) values. Ideally, a
formula would always estimate the true f-factor without error. In
real-world cases, however, this is impossible. ENTRAN enables an
examination of the magnitude and variance of error as a function of
bias and variability introduced by various sampling phenomena.

Figures 2-1 and 2-2 are diagrammatic representations of the
sampling process at the intake of a power plant. Although Fig. 2-1
depicts a net sampling process, our methodology is equally applicable,
without modification, to alternate methods of sampling, such as with
pumps and larval tables (McGroddy and Wyman 1977). Many such alternate
methods are more suitable for the purpose of sampling for entrainment
mortality.

COHORT in Fig. 2-2 represents organisms inhabiting ambient water
which is destined to enter the sampling gear. The schematic
mathematical treatment of what happens to these organisms (Fig. 2-2)
corresponds to the biological representation provided in Fig. 2-1.

Backwash due to a partially clogged net is implicitly allowed for
in the model. Neither the water excluded by backwash nor the organisms
inhabiting that water would be expected to enter the net in a real
situation, nor do they in the model. Organisms (e.g., fish larvae) in
the ambient water may be either alive or dead (Cada and Hergenrader
1978). In the model (Fig. 2-2), F1 denotes the fraction of ambient
organisms which are alive; [1-F1] therefore denotes the fraction dead.
Some fraction (denoted FP2) of initially dead organisms are retained by
the intake net and enter the sample; the rest [1-FP2] are extruded. Of
the initially alive organisms, the fraction F3 will enter the intake
area, while the remaining fraction [1-F3] are assumed to avoid the
area. Of those entering the area, [1-FP4] avoid the sampling net,
while FP4 enter the net. Of these, FP5 survive the sampling process
and enter the sample as live organisms; [1-FP5] are killed. Of these
net-killed organisms, [1-FP6] are extruded, while FP6 are retained and
enter the sample as dead organisms. Note that the concept of retention
of net-killed organisms (FP6) is similar to the concept of retention of
initially dead organisms (FP2). These are made separate factors,
however, because there may be substantial differences in the likelihood
that an initially dead and perhaps decomposing organism will pass
through a mesh, as opposed to an oi'ganism which has just been killed by
encountering the mesh. These factors are summarized in the column
headed “Intake" in Table 2-1.
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Fig. 2-1. Diagrammatic representation of the intake sampling process for entrainment
mortality estimation at a power plant: biological representation.
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Fig. 2-2. Diagrammatic representation of the intake sampling process
for entrainment mortality estimation at a power plant:
mathematical representation
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Fig. 2-4, Diagrammatic representation of the discharge sampling
process for entrainment mortality estimation at a power
plant: mathematical representation
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Similarly, the numerator of Eq. (2-1) for the discharge sample is

FI*F3*FSY*F4*FS | (2-6)

and the denominator for the discharge sample is

FISFIXFSVAFA%FS + FI*FI*FSVAFA(1-F5)*F6
+ FI*F3(1-FSV)*F7 + F2(1-F1) .

(2-7)

It is therefore easy to calculate in the model, using either the ORNL
formula [Eq. (2-2)] or the OTHER formula [Eq. (2-3)], the estimate of
the f-factor which a biologist would obtain in the real world under the
corresponding circumstances. Because the model can also easily
calculate the true f-factor for any simulation, defined as [1-FSV], it
is now possible to evaluate the imprecision and bias in either the ORNL
or the OTHER formula. Appendix A explains how this is accomplished in
the computer program, and the other appendices provide further
documentation.
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The addition of such new factors would, of course, require minor
modifications to the computer code. The dimension of the array A would
need to be expanded, and the new factor or factors would need to be
read in, written out, and incorporated into the calculation of Pig
and Ppg. These modifications are relatively easy to perform.

Several additional biological possibilities do not lend themselves
to treatment by means of simple modification of existing input
parameters and rather must be incorporated by altering the model
structure. Once more, these changes are relatively easy to make once
the model structure is understocd (Appendix B), because they concern
mainly factor input/output and the calculation of Ps and Pps.
Differential survival during transit to the laboratory, latent
mortality, and indirect mortality are examples of biological phenomena
which can be accommodated by introducing new iactors into the existing
model structure. Attraction of live organisms to the intake area is a
possibility that might be handled externally (in a ponulation
entrainment model); if so, one can accommodate this in the entrainment
mortality model with an adjustment to F1 (needed only if F1 is
originally estimated based on samples in the field rather than near the
intake). Another possibility is to modify the model structure.
Finally, there are two considerations which would require structural
changes in the model. Sometimes organisms are sorted into three
categories when collected: live, stunned, and dead (e.g., Ecological
Analysts 1976). In the analysis, the stunned organisms may be
classified as live or, alternately, as dead. The best way to handle
this in the model would be to revise the structure to include stunned
organisms. An alternative approach would be to make separate runs,
first treating stunned organisms as alive and then treating stunned
organisms as dead. The final biological consideration we mention is
the likely lack of independence between the probability of surviving
the condenser mortality and the probability of being captured by the
gear and surviving capture. The essence of this consideration involves
the way one views the underlying basis of the observed variation in
surviving entrainment. Such variation is a fact; under many power
plant operating conditions, some organisms, but not all organisms, are
collected alive. This observation can be rationalized from two extreme
views: (a) all organisms have the same tolerance for stress, but some
are unfortunate enough to contact an impeller blade, the wall of a
condenser tube, or the mesh of the net while in the wrong orientation,
etc., or (b) organisms vary considerably in their tolerance for stress,
and the live ones collected in the sample represent the hardier ones.
Although our existing model structure implicitly assumes (a), some
blend of these two views is likely correct. One could modify our model
to incorporate this consideration by [i.e., view (b)] by revising the
model structure, guided by the approach taken in Boreman and Goodyear
(1981). Assuming that the "hardy" organisms are less susceptible to
both power-plant-induced mortality and to guar-induced mortality,
failure to inciude this phenomenon could lead one ultimately to
underestimate power plant effects. This wou'1 be at least partially
offset if the “"hardier" larvae could better avoid capture or if the
less hardy larvae would not have survived as well in nature.
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There are other considerations when using this program. The final
table printed out for each analysis is based on the absolute bias and
variation of the estimates. Depending on the application, one might be
more interested in the relative (percentage or proportioral) bias and
variation. The safest way to accomplish this would be to define new
arrays for relative indices, add the appropriate calculations to the
program, and modify the statements that print out the table. Another
relatively easy modification would be to change the boundaries of the
sorting categories if this were desired. Finally, it is a common
practice, when utilizing entrainment mortality estimates in an
entrainment model, to set negative estimates to O (Vaughan 1979).
Negative entrainment mortality factors are, of course, biologically
meaningless, and their use in an entrainment model would cause the
"creation" of organisms within the model. However, this practice of
setting negative estimates to 0, while biologically satisfying,
introduces an additional bias into the estimates (due to the truncation
of the distribution on one end only). An indication of the degree of
this bias is provided in two lines near the beginning of the section of
output headed “CALCULATION OF MEANS AND STANDARD DEVIATIONS OF ORNL AND
OTHER FC VALUES." These two lines (labelled as "AVERAGE ORNL FC,
NEGATIVES SET TO ZERO..." and "AVERAGE OTHER FC, NEGATIVES SET TO
ZERO...") provide mean values of the respective f-factor estimates when
any negative estimates have been arbitrarily set equal to 0. They can
be compared with the values printed out in the two immediately
preceeding lines, which give the corresponding averages without setting
negative values to 0. To fully explore this practice, une would want
to modify the program to examine the effects by sorting cateqory.

In using this program, it is unlikely that relevant estimates from
field or laboratory data will be available for all of the factors in
the model. The biologist will need to exercise judgment in the
selection of appropriate ranges for these factors. In doing so, she or
he should think carefully about the meaning of the factors in relation
to the biology of the organism and to the nature of the specific
sampling process being used. One use of this program is to enable
examination of the relative values of various possible charges in
sampling gear or sampling protocols. In selecting values for factors,
either to simulate an actual sampling program or to investigate the
effects of making changes in the program, certain principles may be of
value. For example, F2 is likely to be less than or equal to FP2, but
not greater than FP2 if sampling conditions are similar, because the
entrainment process is likely to add mechanical damage to aiready dead
organisms, making them more likely to be extruded at the discharge. On
the other hand, given identical through-mesh velocities, it is likely
that net-killed organisms are about equally likely to be extruded
whether they have survival plant passage (discharge) or have not been
exposed to entrainment (intake); hence FP6 would be similar in
magnitude to Fo. Other relationships, such as those between FP4 and F4
or FP5 and F5, are more equivocal.



15 ORNL/TM-7965

The ENTRAN program, or appropriate modifications of it, can be
used to provide estimates of the bias and variance associated with
conventional f-factor estimates, given the input information and
assumptions. It would also be possible to use the results to provide
corrected (i.e., “better") estimates. Before doing this, the biologist
woeuld be advised to explore the full range of plausible assumptions
about the sampling situation and the behavior of the organisms. This
program, properly used, will 1ikely be more reliable for indicating
whether the conventional formula gives overestimates or underestimates
in a particular situation than it will be at enabling precise
corrections for biased estimates.
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4. RESULTS

This section presents results from a number of runs of ENTRAN
which either verify the program or illustrate ways in which it can be
used.

Table B-1 (in Appendix B) contains an input data set (Case 1) used
for verifying the code. As explained in Section 2, the ORNL formula
should provide perfect estimates of the f-factor when (a) there is no
gear avoidance, (b) there is no extrusion of initially live organisms,
(c) the degree of extrusion of initially dead organisms is the same at
the intake and the discharge, and (d) the degree of gear-induced
mortality is the same at the intake and the discharge. Case |
satisfies these conditions.

The main output table from this run for the ORNL formula is
contained in Appendix D. Note that the ORNL formula does in fact work
"perfectly"; the estimates are unbiased. Appendix D also contains the
corresponding main output table for the OTHER formula (the final part
of Appendix D). Here, the estimates consistently underestimate the
true f-factor, and the magnitude of this bias increases as the true
f-factor value increases. Examination of the individual estimates
showed that the OTHER formula always underestimated the true mortality
for this case. This is to be expected, because the ORNL formula, which
differs from the OTHER formula only in having a denominator (Ps),
estimates the true f-factor perfectly, and Pyg is less than 1.6 in
this Case. Therefore, the OTHER formula, wh‘ch equals the product of
the ORNL formula and Pyg, will always underestimate the true f-factor
in this Case.

Table 4-1 shows the input data file for Case 1H, which has
variation in those parameters from Case 1 which were not restricted to
the value 1.0. The same range of variation has arbitrarily been used
for the intake as for the discharge, and the variation has arbitrarily
been made symmetrical about the Case 1 values. The amount of variation
is arbitrarily made a function of the mean value of the variable, being
always plus or minus one-half of the distance from the mean value to
the nearest boundary (0 or 1). Therefore, a parameter with 0.5 as the
mean value varies from 0.25 to 0.75, while one with 0.9 as the mean
value varies from 0.85 to 0.95. A priori, it is not obvious whether
the variation will cause sysiomatically biased estimates, or in which
direction the bias might be, but variation in the bias of the individual
estimates would certainly be expected even if the mean bias were 0.

Table 4-2 is the Case 1H main output table for the ORNL formula.
The overall mean bias is very small (-0.008). Examination of the
sorting categories in the table shows that occasional negative
estimates are obtained (approximately 6% of the time), and these are
sometimes fairly highly biased because the true f-factor must be > 0.
The ORNL formula also tends to underestimate the true f-factor by an
average of 0.046 when the ORNL estimate is positive but smali
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Input data for Case 2, intended to plausibly simulate a
situation where larval tables with pumps are ised, but
with no variation
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0.02483 -0.0793 0.0179 0. 1651 0. 2256

0.0313 -0.1953 -0.0679 0.8526 0.630%

0.0288 -0.2798 -0.1817 0.7781 0.900u

INSTPPICIENT NTMBER OF SANPLES -

N=0 OR N=1

TPPER
vC
2ST.

0. 1866
0.4861
0.8083
1.02%6

TOTAL PERCENTAGE OF ALL SAYPLES ACCOWNTED POR IN ABOVE TABL® = 100.0%

PCOTHR - ¥C

: OYERALL MFEAN 3IAS = -0.094138 ST. DEV. =

AVERAGE PROPORTION OF ORGANTSMS ALYV® IN INTAKE SAMPLES = 0.73005

0.293¢68

Main output tasle for Case 2 for the UTHER formula

MEAN
OTHR
4o

0.1215
0.2949
0.4999

0.6698

59
50
S0
50

n

RELATIVE
FREQUENCY

0.0
0.0
0.9
0.0

18.0%

27.0%

4, 1"

20.1%

0.0

X4

G96L~WL/INYO
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Table 4-7. Input data for Case 2H, which is similar to Case 2 but with

variation
CASE 24
.35 9% F1: AMBIENT ALTVE,
.8 .8 .2 .6 P2: RETENTION O? AKPIPNT DEAD.
.85 9% P3: SUSCEPTYBILITY OF AMBTENT ALIVE TO INTAKP AREA.

55 .85 .775 .925 *4§: CATCHABILITY OF 1LYVE,
7 «3 <S8 L AS P&; NET SURVIVAL OF LIVE,
«925 .975 .925% .975 "v6: RETENTION OF WET-KILLED.

«92% 978 P7: RETENTION OF PLANT-KIILED.
0.0 1.0 ®SVY: PFOBABILITY OF SUPVIVING PLANT PASSAGE.
40325 IX: PANDCY NCNRER INITIATOR (IS5).
1000 WEST: TOTAL NTMB®R OF PSTINA'ES (IS).
1 NSANP: NTMEER OF SAMPL®S POR EACFR ESTIMATE (IS).
1. 100, CHRTHN, CHRTHNY: MIN. AND MAX. COHORT SIZE2S PEP SAMPLES.

50 NZ: NUMBER OF ESTINATES NEEDED TO FILL A SORTING CATZGORY.



Table 4-8. Main output table for Case 2H for the ORNL formula

OPNY, N EAN STD. A B LOVER MEAN TP2ER MEAN N RELATIVE
ESTINAT® OPNL DEY. ROTND BOUND FC TRNE PC OPNL FREQUENCY
RANGPF DIPPRR. DIPFER, VALUT VAL"E ®ST. Li o BST. PC
-0.80 TO -0.60 INSTPFICTENT NOMBER OF SAMPLES - N=0 OR N=1 0 0.0
-0.60 T -0.40 INSUFPICTENT NUMBER OF SAMPLES - N=0 OR N=1 0 0.0
-0.80 TO -0.20 INSOFPICIENT™ NMMBER OF SAMPLES - N=0 OR N=1 n 2.9
-0.20 ™o -0.00 -0.1220 0.0502 =-0.222% -0.02%5 -0.0289 0.0576 0.1401 -0.0648 8 1.8%

-0.00 TO 0.20 -0.0056 0.0729 -0.1515% 0.1803 -0.007¢ 0. 1284 0. 2645 0.1228 59 10.8%
0.2¢ T™ 0.40 0.0754 0.0947 -0.1140 0.2648 0.0163 0.2142 0.4129 0.2896 50 18.5%
0.80 TO 0.60 0.08%8 0.0811 -0,.0764 0.2480 0.2238 0.4107 0.5975 0.49648 50 21.9%
0.60 ™0 0.80 0.05%9 0.0508 -0.0457 0.1574 0.4687 0.6323 0.7979 0.£882 50 22.5%
0.80 TO 1.00 0.0254 0.0243 -0.0232 0.0741 0.7117 0.8€95 1.0274 0.895%0 S0 24.5%

TOTAL PERCENTAGFE OF ALL SA®PLES ACCOTINTED POP IN APOVE "ABL® = 100.0%

PCORNL - PC : OVERALL MEAN BIAS 0.05598 ST. DPEV. = 0.07930

AYPRAGE PROPORTION OP ORGANISNS AIIVE TW INTAK® SAMPLES = 0.729F°

T

G96/-Wl/INYO0



Table 4-9. Main output table for Case 2H for the OTHER formula

OTHR SEAN STD. L B LOWEP MEAN NPPER MEAN N RELATIVE
PSTINATE OTHR DEV. BO"ND BOTND »c TRIE FC OT¥L PREQUENCY
RANG® DIPPER. DIPPER. VALDE VALNE EST. ®C EST. FC
-0.80 T -0.69 INSUPFICIENT NONBPR OF SAMPLES - N=0 OR N=1 0 0.0
-0.60 TO -0.49 INSOTPPICI®NT NMMRPR OF SANPIFS - N=0 OR N=1 9 0.0
-0.40 TO -0.20 INSOFFPYCIENT NUMRSR OF SANPLES - N=0 OR N=1 n 5.0
-0.20 TO -0.00 -0.1178 0.0848 -0,2073 -0,.0282 -0.02684 0.0751 0.1766 -0.0326 17 1. 7%

-0.00 T 0.20 ~-N.0286 0.1001% -0.2249 0.1756 -0.0808 0. 1487 0.3378 0. 12481 50 17.4%
0.20 TO 0.80 -0.0202 0.1198 -0.2592 0.2188 0.0890 0.3339 J.61M 0.3128 50 28.2%
0.80 TO 0.60 -0.0999 0.1057 =-0.310" 0.1103 0.3068 0.5825 0.8587 0.4826 50 32, "
0.60 TO 0.80 -0.1889 0.0769 -0.3387 -0.0310 0.6897 0.8666 1.0436 0.6817 50 19.3"

0.8 T 1,00 -0,1843 0.0286 -0.2018 -0.0872 0.8910 0.9537 1.0165 0.8094 7 0.7%

TOTAL PERCENTAGE "¥ ALL SAMPLES ACCOTINTED POR IN ABOVE® TABLE = 100.0¥%

PCOTHR - PC : OVEPALL WMEAN 2IRS = -0.0%000 S$T. DEV, = 0.12064

AYFRAGF PROPORTION OF ORGANIS®S ALIVE IN INTAYE SAMPLES = 0,72927

G96/-WL/INYO

92



Table 4-10. Main output table for Case 2L for the ORNL formula

ORNL MEAN STD. A 8 LOWER MEAN TPPER MEAN N RELATIVE
ESTINATE ORNL D®v. BOTND BOOND g 3 TRUE > ORNL PREQUENCY
RAVGE DIFFEF, DTYFFEP. VAINE VALUE ®ST. °ST. *C
-0.80 T -0.60 INSTFFICIENT NTMB®R OF SAMPLES - N=0 OR N=1 0 9.0
~0.60 TO -0.80 TNSOFPITIENT™ NUMBSR O® SAMPLPS - N=0 OR N=1 0 0.0
-0.80 TO -0.20 INSUFFICIZN™ RUNBPR OF SAMPLES - N=0 OR N=1 C 0.0
-0.29 TO -0.00 -0.0205% 0.0087 -0.0301 =-0.0%11 -0.008S5 0.0048 0.014Y -0.0158 3 0. 3%
-0.00 TO 0.20 0.0703 0.0439 -0.0175 0.1581 -0.0156 0.0616 0.1388 0.1319 59 13.0%

0.20 T 0.80 0.095%2 0.0248 0.0455 0.1448 0.0704 0.1290 3. 3275 0.2941 50 20.37
0.40 TO 9.60 0.075S 0.0236 0.02%s 0.1227 0.3161 0. 4350 0.5540 0.5105 50 2%.1°
0.60 T 0.80 0.0890 0.0178 0.0138 0. 084¢ 0.5269 0.6568 0.7868 0.7958 50 20.7¢

0.80 TO 1.00 0.0197 0.0125 =-0.0052 0.084¢ 0.7585 0.8870 1.0154 0.9067 50 24.6%

TOTAL PPRCENTAGE OF ALL SAMPL®S ACCONNTED FO® IN ABROVE TABLE = 100.0%

PCORNL - PC : OVERALL MEAN SIAS 0.05887 ST. DEV, = 0.03542

AVERAG® PROPORTYON OF ORGANIS®S ATIVE IN INTAKE SAMPLES = 0.72985

L2

G96/-W1/INYO
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5. DISCUSSION

The results in Section 4 illustrate just one facet of the
potential uses of the ENTRAN program. Other potential uses are also

mentioned in Section 3. Here, we discuss further the applicability of
the program.

The program is intended primarily for application to a specific
situation, because experience has shown that the factors in the model
will 1ikely vary widely between different types of sampling gear
(0'Connor and Schaffer 1977, McGroddy and Wyman 1977) and also between
spe-ies (Vaughan 1979, Ecological Analysts 1977a). We intend for the
program to be viewed as flexible, in that the biological assumptions
built into the present version may not best describe, or even
adequately describe, a particular sampling situation or species.
Modification of the code, as appropriate, will reg:ire expertise in
both biology (to decide on the modifications) and computer programming
(to implement the modifications and to verify proper operation of the
revised code). Guidance about some modifications is provided in
Section 3.

When suitably modified to reflect what is known or suspected about
the biology of a particlar sampling situation, the designer of the
sampling program can make good use of ENTRAN in several areas. The
exercise of providing ranges of values for the parameters will likely
indicate to the biologist where uncertainty about these parameters is
greatest. In conjunction with this exercise, sensitivity analysis of
the model will indicate profitatle areas for further research, or will
indicate attributes of sampling gear which the designer of a sampling
program should look for. In recent years, techniques have been devised
to try to quantify individual factors included in the model. For
example. Ecological Analysts, Inc., has used a technique of "live
releases" of hatchery-reared larvae near intake sampling gear to
attempt to quantify gear-induced wortality and retention, relating to
factors FP5, FP6, F5, and F6 (S. W. Christensen, personal
observation). Such a technique, used in conjunction with field
samples, can also aid in quantifying the fraction of ambient organisms
alive (F1). ENTRAN can be used to decide which such investigations
will be most helpful in improving the reliability of estimates.

ENTRAN can also aid in determining how to design the sampling
program .nd how to interpret the results. For example, although
collection with pumps and larval tables may be advantageous for
survival of captured organisms, sample sizes may be smaller than with
nets (Ecological Analysts 1977b). The implications of this trade-off
between sample size and sampling gear survival for statistical
detection of entrainment mortality are explored in more detail in
Vaughan and Kumar (1981). ENTRAN can be used to study the relative
effects of estimating the f-factor from many small samples versus fewer
larger samples, and it can indicate how reliability is influenced by
small sample sizes, given uncertainty in the parameters.



ENTRAN ¢ also be used in a general way to evaluate the
jability of f-factor estimates calculated from sample data.
gree of confidence in the input parameters, the
ful in evaluating the bias of estimates and in
ates calculated with a particular formula can best
be “corrected.’ the idea of correcting or adjusting the estimates
seems repugnant, the biologist should reflect on the fact that no
formula exists to properly calculate the f-factor in the presence of
311 realistic biological phenomena. Therefore, the correction process
is needed not just to adjust for variation in the real wor r1d, but also
to compensate for violating the assumptions underlying any available
formula. Other related models, such as that of Boreman and Goodyear
1981 will also prove useful for this purpose.

’
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6. CONCLUSIONS AND RECOMMENDATIONS

ENTRAN is a computer code to assist in evaluating the accuracy and
precision of estimates of entrainment mortality. We have the following
conclusions and recommendations concerning its use:

1.

ENTRAN can be used in conjunction with sampling programs
designed to estimate entrainment mortality, in order to guide
the design of the sampling program and to design related
experiments for improving confidence in the entrainment
mortality estimates.

ENTRAN can be used, both by those responsible for the sampling
program and by those responsible for using the resulting
estimates, to evaluate the reliability of estimates and

perhaps to adjust estimates of the entrainment mortality
factor.

ENTRAN should be considered to be adaptable and flexible, and
it should in fact be modified to the extent necessary to suit
it to any particular situation.
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(i) "“N": the number of estimates in the sorting category.
The maximum is determined by the input number NZ (which
must not be greater than 50 unless array sizes are
altered in the program). If N is less than NZ, either
not enough samples were taken to fill the category or,
perhaps, the estimating formula will never calculate
values falling in the particular category, given the
other input values. For example, when the model is run
with values meeting the assumptions underlying the ORNL
formula, this formula will never calculate negative
estimates, and the first four categories will always be
empty.

(j) "“RELATIVE FREQUENCY": the percentage of all estimates
from the ORNL formula which fall in the particular
category. This quantity cannot be obtained from N,

(see i), because N is truncated at NZ, and also because
some estimates may fall outside the defined sorting
categories (i.e., be less than or equal to -0.8). A
perfectly performing formula would be expected to have a
relative frequency of approximately 20% in each of the
positive sorting categories if FSV is permitted to range
from 0 to 1.

Following the table described in 7(a) through 7(j), some
additional information is printed out. A line provides the
“total percentage of all samples accounted for in above
table"; if it is not 100%, some estimates were smaller (more
negative) than the smallest sorting category. The next line
prints out the mean bias and the standard deviation of this
bias for all estimates made with the ORNL formula, regardless
of sorting category. A final line provides the "average
proportion of organisms alive in intake samples," (PLINT),
calculated as:

nest Prs.

LWt (A-4)
i=1

where the individual Pyg values are combined over the
individual samples comprising an estimate [i.e., applying Egs.
(A-1) and (A-2), and then Eq. (2-1)]. Biologists will find
PLINT helpful in calibrating this program to specific field
sampling situations.

8. The entire process described in iten 7 above is repeated, but
this time for estimates derived from the OTHER formula (as
opposed to the ORNL formula). This analysis, if not desired,
can be eliminated by altering the main DO-loop to read:

"DO 950 ICHOSE = 1,1" instead of "...1,2".
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The ENTRAN computer program is divided into a Main Program and two

cT

subroutines, URAND and RANSET. Appendices C and D contain listings of
the program and sample output, respectively. The only purpose of the
subroutines is to generate pseudo-random numbers. The Main Program is
jescribed below.

The Main Program first reads in the parameter values, the bounds
on the randomly chosen parameter values, and a pseudo-random number
generator initiator. The parameters are chosen from a uniform

distribution between the specified bounds. er?, the input information

] ¢

defines first the "ORNL" (ICHOSE=1) and second the
S formula as being the "target" estimate, in that the
stegories are applied to the target estimates and the final
plicable only to those estimates.

: . 4 -y ~andam) sloactor
loop 500, the parameter sets are randomly selected.
1 ng

f the f-factor from the ORNL formula, "FCORN'

' " THR" are C”mUﬂYV“ for each set of pdramptprg.

and from the

nwernt

g ~OTUD
the means of F LU 4 ,‘Lq.‘

as well as biases,

770, the standard deviations of the above

the remainder of the Main Program, tables of values are printed

later, in another pa through the

NL estimates (and

- . \ Of
yf OTHER estimates) are divided ‘ ., =-U.80 to

L .

., 0.80 to 1.00, for comparison of the

f-factor values.

e program ase 1) is displayed in
cribed below. In general, W, X, Y,

less than or equal to 1, although
to 0 without causing

: | .
greater than or equal to Q and Y,

A} 11
] Ceé equa
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Table B-1. A listing of input cards for Case 1

CARD

CAS? % 0
«9 «9 71: ANDIENT ALYVE, A

«5 « 5 «5 «5 P2: PRTENTION OF AMBIENT DEAD. B

9 29 P3: SUSCEPTIBILITY OF AMBTYENT ALIVE TO INTAKE AREA. C

1. 1. Yo 1. P4: CATCHABILITY OF LIV®, ]
I8 LTS .75 .75 P5: NET SURVIVAL OF LIVE, E
1. 1. 1. 1. PA: RETENTION OF FP"-KILLED. F

1. 1. ?7: PETENTION OF PLANT-XKILLED. G
0.0 1.0 PSY: PROBABILITY OF SURVIVYNG PLANT PASSAGE. H
20469 TX: PANDOM NTHBER INITTATOR (IS). 1
500 NEST: TOTAL NUMBER OF PSTIMATES (IS). J

1 NSAMP: N"MBEP OF SAMPLES POR EACH ESTIMATE (I5). K

1. 100. CH®TMN, CHRTMX: MYN. AND ®MAY, COHORT SYZES PER SAMPLE. L

50 NZ: NNMMBPR OP ESTI#ATES WREDED ™ PILL A SORTING CATEGOPRY., M
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Lower limit on ambient alive fish, FI

Jpper limit on ambient alive fish, FI
]

Lower limit on retention of ambient dead, FZ
Upper limit retention of ambient dead, F?
Lower limit

Upper limit

= Lower limit on susceptibility of ambient live to
intake area, F3

Upper limit on susceptibility of ambient live to
intake area, F3

limit on ,"1tcnar\]]'wt\', Cf

l1imit on catchability of
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CARD E

W, X, Y, Z

FORMAT: 4F5.0

D=2-Y=A(9)

Y

A{10)

C=X-W=A(19)

"

CARD F

W, X, Y, Z

A(20)

FORMAT: 4F5.0

"

A(11)
A(12)
A(21)
A(22)

FORMAT: 2F5.0

C=X-W

W

CARD H

W, X

A(13)
A(14)

FORMAT: 2F5.0

C=X-W

W

A(23)
A(24)

"

Lower
Upper
Lower

Upper

Lower
Upper
Lower

Upper

Lower

Upper

Lower

Upper

limit
limit
lTimit
Timit

limit
limit
limit

limit

limit

limit

limit

limit

on
on
on

on

of
of
on

on

on

on

on

on

4z

net survival of live, F5
net survival of live, F5
FP5
FP5

retention of net-killed, F6
retention of net-killed, F6
FP6
FP6

retention of plant-killed, F7

retention of plant-killed, F7

fraction surviving plant passage, FSV

fraction surviving plant passage, FSV



d 5-diqit integer (1n

argest integer possible for the

generated (maximum:
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Main Program Variables

Table B-2 lists the main program variables and provides a brief
description of each. The concept of the "target" estimate was
explained in step number 7 of Appendix A, and it is mentioned above in
the discussion of the DO-loop 950. The array dimensions are
informative about the nature of variables. Array dimensions of 1000
indicate the potential to store each estimate generated. Dimensions of
(3,1000) indicate arrays storing (a) all values (first index = 1),

(b) non-negative values (first index = 2), or (c) negative values
(first index = 3). A dimension of (12,50) indicates an array
containing "sorted" estimates or values. Here, first index values of 1
through 3 are not utilized; an array element indexed (4,n) would denote
the nth occurrence in the sorting category of an estimate or factor
associated with (or being) a "target" estimate in the range gn -0.8 to
-0.6, and an array element indexed (12,n) would denote the n
occurrence of a factor in the range of 0.8 - 1.0. The dimension limit
of 50 defines the maximum permissible value for NZ. Single dimensions
of 12 indicate arrays containing one entry for each sorting category
(e.qg., means, standard deviations).

Program Output

Appendix D contains program output for Case 1. The input is given
in Table B-1. To conserve space, portions of the output have been
deleted, as indicated. A detailed description of the output format has
been provided in Appendix A. Case 1 is used to verify the code, as
explainred in Section 4.
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Table B-2 (continued)

Dimensions

Variable (if any) Definition

FCORN (15, 50) f-factor estimated using ORNL formula,
sorted into categories

FCORNA (3, 1000) f-factor estimated usiny ORNL formula.
First array index determines whether
estimate is comparable to FC1, FC2, or FC3

FCORD (15, 50) FCORN - FCREAL by category

FCORDA (3, 1000) FCORN - FCREAL (overall)

FCOTD (15, 50) FCOTHR - FCREAL by category

FCOTDA (3, 1000) FCOTHR - FCREAL (overall)

FCOTH (15, 50) f-factor estimated using the "other"
formula, sorted into categories

FCOTHA (3, 1000) f-factor estimated using the "other"
formula (overall)

FCRAV (15) Mean true f-factor by sorting category

FCREAL (15, 50) True f-factor values, sorted into
categories

FCVR (15) Same as FCVRR, overall standard deviation
of true f-factors

FLO (10) Array of lower bounds for discharge
parameters

FORAV (15) Mean FCORN by sorting category

FORVR (15) Standard deviation of FCORN by sorting
category

FOTAV (15) Mean FCOTHR by sorting category

FOTVR (15) Standard deviation of FCOTHR by sorting
category

FREQ (15) Percentage of all estimates, by category
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Table B-2 (continued)

Dimensions

Variable (if any) Definition

FUP (10) Array of upper bounds for discharge
parameters

ICHOSE Assigned value 1 for analysis of ORNL
formula and 2 for analysis of "other"
formula

IX Random number initiator (an odd 5-digit
integer)

NEST Number of estimates to be generated for
each comparison table

NI (15) Array keeping count of the number of
entries in each sorting category, Midway
through, 0 to 1 values are set to 2

NSMPL Number of samples to be taken in
simulation run for each estimate

NY (15) Same as NI, except 0 or 1 values retained

NZ Number of estimates arbitrarily chosen to
be needed to fill a category (NZ < 50)

SAMPLE (15) Array of category sample sizes (actual
number of estimates per category)

SNI (15) Same as SAMPLE, except it has an
artifical value of 2 assigned if
SAMPLE = 0 or 1

TEST Upper boundary for a given category

TESTM Lower boundary for a given category

TOTFRQ Total percentage of estimates falling

into fixed categories. Any missing would
be very negative
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APPENDIX C

This Appendix consists of a listing of the computer program ENTRAN.

UNTRAN, A SINULATION MODFL ™0 PROBE THE EFFICACY OF TWO
FORMULAS POR ESTIMATING THE ENTRATNMENT MOERTALITY FACTOR
AT A POWER PLANT.

PROGRAY AUTHORS: D. L. DZANGELIS AND S. W. CHRISTENSEN
ENVIRONMENTAL SCIENCES DIVISION
OAK RIDGE NATIONAI LABORATORY
9.0, 80X ¥
OAK RIDGE, TENNESSE® 137830

REPRPENCE: CHRISTENSEN, S. W. AND D, L. DEANGBLIS. 1982. THE
EFFECT OF STOCHASTIC VARIATION ON SSTINATES OF T™HE PROBABILITY
OF ENTEAINNENT WORTALITY: MN®THODOLOGY, RESOULTS, AND
OUSER'S GNIDE. OCRNL/T™-7965, OAK ®TIDGF NATIONAL LABORKATORY,
OAK RIDGE, TENNESSEE 37830.

DATEZ OF THIS REVISION: 12/13/81%

NOoOoaONOOoNGaaoaaonnn

DINENSTION PC1(1000),PC2(1000),FCA(1000) ,PCREAL (15,50),FCRAV(12)
DIMENSION PCOEN(15,50) ,FCORD(15,50) ,®CNTH(15,50), PCOTD(15,50)
DINENSION SAMPLF(12) ,NI(12),SNI(12),F (7)
DIMZNSION FORAV (12),FOTAV(12) ,DFEAV(12) ,DFTAV(12) ,FCAYA(12)
DINENSION FLO(YD) , FOP(10)
DINENSION FCORNA(3,1000), PCORDA(3,1000), PCOTHA (3,1000),
1PCOTDA (3,1000) , A (1,24)
DIMENSION POTVE(12) ,PCVR(12),DPTYL(12),POFVP(12), DPRVE (12)
DIMENSION AA(12), BB(12), PREQ(12),NY(12)
c READ IN FACTOR VALOES
[ o ORDER OF PARANETERS: INTAKE MINIMOM, TNTAKE MAXIMUM, DISCHARGE
c HININT®, DISCHARGE MAXINUN,
Ceeee« READ IN P1: AMBIENT ALIVE.
READ (S,38) W, X
38 PORNAT (/2P5.0)
40 PORMAT(2P5.0)
C=X-W
AlY, 1) =C
A(Y,2) =W
CeesssREAD IN P2: RETENTION OF AMSIENT DEAD.
READ(S,81) W, X, Y,7
41 PORMAT (4FS.0)
C=X=-W¥
D=7%-Y
A(Y,3)=D
AfY,4) =Y
A(*,15) =C
A(Y,16) =%
CesessREAD IN P3: SUSCEPTIBILITY OF AMPIENT LIVE TO INTAKE AFEA,
READ (S, ,40) %, Y
C=X-%
A(1,5) =C
A(Y,6) =W
CeoeesT2AD IN FU: CATACHAPILITY OF LIVE,
READ(S, 41 ¥, X, Y,2
C=YX=-¥%
D=2~-Y
A(', =D
A(1,8) =Y
A1, 17)=C
A(Y,18) =%
CeeesesREAD IN FS5: GEAR SUEVIVAL OF LIVF,
READ(S,41) ¥, ,X,¥Y,2



C=X~-W
D=Z~Y
A(1,9) =T
A(1,10) =Y
Al(Y,19)
A(1,20) =¥
READ IN P6: RETENTION OF GEAP-KILLED,
READ (%, 41) W, X,Y,2
C=X~W
D=2-Y
A(Y,11) =D
A(Y,12) =Y
A(V,21)=C
A(V,22) =W
RZAD IN P7: RETPNTION OF PLANT-KILLED,
READ(S,40) N, Y
C=X~-¥
A(Y, 13) =«
A(Y,14) =W
IN FSV: RANGE OF PROBABILITY O OR/RVIVING PLANT PASSAGE
{5,40) ¥, X
w
23) =C

24) =N
.READ IN PANDON NONBEP INITIATOF

NN MOST BE LARGEST INTEG®P PCOSSIBSLE FPOF THE COMPUTER.
POR IBN 3033, USE 2147483647, OF (2¢*31)-1
FOR DEC-10, USE 34357738367, OF (2¢*35) -1
MNN=34359738387

MMN=2 147483647

TY MUST BE AN ODD YINTEGER LESS THAN MAM,
READ(5,1001) IX

FORMAT(I5)

KRITE (6,2017) IX,MNN

PORNAT (//,5X,*RANDON NUNRER INYTIATOF

- MACHIN®-SPECIFIC MAYIMNUM INTEGTF

RANSET (MMM, 1IX)
IN THE NUMBER OF FINAL

READ (S, 1001) NESTN

RPAD IN THE N'UNRER )F SAMPLES

RPAD (S, 1001) NSHPL

READ IN MININTR AND NAXIMUN

RPAD (S5,40) CHRTHN, HpTMY
HRTEG=CHRTHY-CHP THN

+.RPAD IN NUNMBER P PSTTIMATT

Laknl"1ﬁw\) N7

RINT 00T LIMITS WITHI
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Appendix C. (continued)

PO6LO = A(1,22)
PPAOP = A(1,21) & A(1,22)
PSYLO = A(1,24)
PSYOD = A(1,23) ¢ A(1,29)

WRITE (£,2003) NESTN, NSHPL, CHRTHN, CHRTAY
2003 PORMAT (/,5X,'THERE AR®',I5,' OVEFALL SSTIMATES OF °,
1*THE CROPPING PACTOR®,
2/,5%, *THERE ARE',IS5,' SANPLES PEF ESTIMATE'/,SYX,
1'COHORT SIZE PPR SAMPLE VARIES PRON',F7.0,' TO',P7.0)
WRITE(6,2004) PLO(1), PUP(1)
2008 PORMAT (,,5X,'P1 VARIES FROM ',FP10.%,2%,* TO *,P10.5,
19; P1 = AMBIENT ALIVE.Y)
WRITE(6,2005) FLO(2), PUP(2)
2005 PORMAT (/,5X,'P2 VARIES PROM *,F10.5,2X,' 70 *,F10.5,
1*; P2 = BETENTION OF ANPITNT DEAD.')
WRITE(6,2006) FLO(3}), ®UP(3)
2006 PORMAT(/,5X,'®3 VARIES FRO™ *,#10,.%,2X,* TO ',F10.5,
1*; P3 = SOSCEPTIBILITY OF LIVF TO INTAKE,®
WRITE(6,2007) FLO(8), PUP(4)
2007 PORMAT(/,5%,'F4 VAEIES *POM *,F10.7,2Y,' TO ',F10.5,
1'; ®4 = CATCHABILITY OP LIVE.')
WRITF (6,2008) PLO(S), POP(5)
2008 PORYAT(/,5Y,'PS VAEIES FEOM *,F10.5,2X,' To *,F10.5,
1°; PS = N®T SOURVIVAL OF LIVP,*)
WRITE(6,2009) FLO(6), PUP(6)
2009 PORMAT (/,5X,'P6 VARIES FROM *,P10,%,2Y,*' TO *,F10.5,
1'; P6 = RETENTION OF NBT-KILLED.')
WRITR(6,2010)FLO(T) ,FUR(T)
2010 PORMAT (/,5X,'F7 VARIES FROM ',F10,.5,2Y,% TO *,F10.5,
19; ®7= EETENTION OF PLANT-KILLED.')
WRITP®(6,2011) PP2L0O,FPP20UP
2011 PORNAT {/,5X,*FP2 VARIES FROW *,F10.5,2X,' TO *,F10.5,
1*: PPZ IS FACTOR 2 POR INTAKE F/TH DISCIAPGP.')
WRITE(6,2012) FPILO,PPYUP
2012 PORMAT(/,5Y,'PP4 VARIES FRON *,F10.%,27,' TO ',F10.5)
WRITE (6,2013) PPSLO, PPSUP
2013 PORYAT (/,5Y,'FP5 VARIES FROY *,F10.5,2%,' TO ',P10.5)
WRITF (6,2014) PPELO,FPPEUP
2018 PORMAT (/,5X,'PP6 VARIES PEOM ',F1G.5,2X,' 70 ',F10.5)
WRTITR(6,2019) FSVLO, FSVNP
2019 PORMAT (/,5X,'PSV VARTES PRON *,F10.5,2X,* TO *,¥10.5,
1%; PSY IS PEACTION SUSVIVING PLANT PASSAG®.')
Cuveeo.LNDOP POR (1) ORNL FORMULA, AND (2) OTHER FORNULA.
DO 950 ICHOSE=1,2
PLINT=0.
Do 15 T=1,12
PR2Q (1) =0.
NI (T) =0
NT(T) =0
15 CONTINOE
»
2186 PORMAT (1H1)
WRITE (6,2186)
WRITP (6,3108)
3108 PORM lT(19!0,'““‘““‘““"“““““““"“““"““““" o
1'.O.......‘...‘...“‘....‘.."’
IP (TCHOSE.PQ. 1) WRTIT® (6,3109)
1P (ICHOSE. BQ.2) WRITE (6,3110)
WRITE(6,3108)
1109 PORMAT (1H), *ANALYSIS FOP ORNL FSTIMATES, ®EST, FCW REFEESe,
1* TO PC ESTINATED WITH TFE ORNL FORMULA.')
1110 PORMAT (1HO, *ANALYSIS POP OTHR ESTIMATPS, “PST, FC™ PIFEPSY,
1* O PC ESTIMATED WITH TH® OTHER FORNULA,')
WRITE(6,2001)



2001 PORMAT (VYHO,//720%,'"CONPA NS ¥ REAL PC WITH TSTIMATES OF PC*,
1//,15%,FC* 14X, PCOPNL"' ,9X,"PC OTHER',7X,'FC ORNL = PCY,5X,

1'9C OTHER =~ PC',//)

DO-LOOPS IN WHICH A NUMBER (NSMZL) OF PARAMETER SETS
AXD IN WHYCH THE VALUES OF PC GIVEN BY THE ORNL PORMOLA A
FORMOLA ARE COMPOUTED; THIS PROCESS FEPEATS NESTM TINMES.

D0 SN0 I=1,NESTH
BSYV=TRAND(DUNY)
PSV=A(1,23) *BSV+A (1, 24)
PC=1.-PSV

AD"T =
'R =

SAMPLES
:1, NSNPL
CHRTMN+ CHR TRG*URAND (DM Y)
=1,7
.
)¢ - 1
= RAND (DUNY)
(1 A(1,1I0D)*¢
INTINTE
y URAND (DU MY}
ORAND (DI ¥Y)
URAND(DUMY)
T1RAN "‘VIV)

A(Y,15)%®D2 R(1,15)

A(1,17)*°p4 A(1,18)

A(1, 19) *EPS A(1,20)

A(1,21)*EPS + A(1,22)

= P(1)*"(3) *FPU*FP*©
F(1)®F(3) *PPUSPPSeF (1) *F ( 1) *PPUSFPAS (|  ~FPF) ¢FP2¢ {1, -PF(1))

- v(‘).r(”.F'yov!“.v(ﬁ\
}(1)05"09.‘,'t!'(l.)‘r(k)t(v_-"(‘\)o":'].t(,)t\vn,
=PDSDEFP (1) *P(3) e F (2)* (1. ~-F (1))
PISN/PISD
PDSN/PD
R?, A RPFERS
ACATCH=PISD®
BCATCH=PDSD®
ADRSGL=A0ORGL ¢
ADRGT=ACPGT+A
ROIRGL=RORCL+P
ANRGT=RORGT+R
INTINDE
PIS=AORGL/AQ!
POS="0RGL/BORGT
PLINT=PLINT+PI
DPCOEN = (P11
NPCOTH = PIE -
YIPOEN YFCOR
DIPOTH D P
IPIICH0SP

ne
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(continued)

CeesessDO-LOCP TO SORT THE ESTINATES INTO CATEGORIES,

185

155

157

160

170

23%4
190

200
201

2000
500

auo
450

anNnan

DO 200 J=1,12
TESTN = TEST - 0.2
NCHAK = NI(J)

IP() .EQ. 1 .AND. NCHE .GE,
-AND. DPC .LT. 0.0) GO TO 200
«AND. NCHEK .G®.

I®(J .BQ. 2
IP(Y ."0. 2
IP(Y .BQ. 3 .AND. DPC .GE.
IP(J .BQ. 3
T®(3 .GT. 3 .AND. DFC .GT.
IF(Y .GT. «AND. DFC .lE.
FREQ (1) =PRPQ(J) +1.

-

IP(Y .GT. 3 .AND. NCHE .GE.

NI(T) = NI(J) + 1V

NCHE = NI (J)

1P(J .NE. 1) GO TO 185
PCA(NCHK) = PC

CONTINUE

TP(J.NB.2) GO TO 155
PCYI(NCHK) = PC

CONTINUE

IF(J.NE.3) GO TO 157
¥C2 (NCHEK) =FC

CONTTINDE

IP(J .LE. 3) GO TO 160
PCORN (J,NCHK) = DPCORN
PCREAL (J, NCHY) = PC
PCORD (J,NCHK) =DIPORN
PCOTH (J,NCHK) = DPCOTH
PCOTD (J,NCHK) = DIPOTH
GO TO 170

CONTINDE

PCORNA (J,NCHK) = DPCORN
PCORDA(J,NCHK) =DIFOEN
PCOTHA (J,NCHK) = DPCOTH
PCOTDA (J,NCHK) = DIFOTH
CONTINUE

NY (J) =NCHK

SAMPLEZ (J) = NCHK

PORNAT (1H ,5X,1%,2X,710.5)
FONTYNUE

IP(Y .LE. 3) GO TO 200
TEST = TEST ¢+ 0.2
CONTINUE

CONTINUF

<AND, NCHK ,.GE.

1000) 60 TO 200

1000) GO TO 200

0.0) GO TO 200

1009) GO TO 200

NZ)

TEST) GO TO 190
TESTY) GO TO 1930

GO TC 27

WRITE(6,2000) PC, DFCORN,DFCOTH,DIFOTN,DIPOTH

PORMAT (5X,5(P15.5,2X))
CONTINOE

DO 450 J=1,12

NCHE = NI(J)

IP(NCHK .GT. 1) GO ™C 440
NI(Y) = 2

CONTINUE

CONTINUE

AND 'OTHER FC - TROE FC'

WRITE (6,2186)
WRITP(6,3108)

IF(ICHOSE.BQ.1) WP ITE(6,3109)
IP(ICHOSE.EQ.2)WRIT® (6,3110)

WRITE (6,3108)
WRITE (6,2015)

es0ss CALCULATION OPF THE MEANS OP *ORNL FC*, "OTHER PC',

ORNL /TM-7965

*0RNL *C - TROEY,

2015 PORMAT (1H0,//.5X, "CALCOLIATION OF MEANS AND STANPARD DEVIATIONS OF
1 ORNL AND OTHR®R FC VALODES',////N
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Appendix C. (continued)

PCAVY = 0.0
DO 530 I=1,12
TP(NY(I).GT.0) ABC=0.
TP(NY(I).EQ.0) ABC=1,.%¢30
PCRAV(I) = ABC
PORAY(I) = ABC
POTAV (1) = ABC
DPRAV(I) = ABC
DPTAV(I) = ABC
SNI(I) = NI(Y)
530 CONTINOP
D0 600 I=1,12
TP(NY(TI).EQ.0) GO TO 600
JPIN = NI(I)
DO 580 J=1,JFPIN
I®(I .GT. 1) GO TO 550
CaeeeCALACOLATE OVERALL TRUE PC
PCAY = PCAV + (PCA(J) /SNI(I))
PCRAV(I)=FPCRAV (I) #PCA (J) /SNI(I)
550 CONTTINTE
IP(I .LE. 3) 50 T0 560
*1 = PCORN(1,J)
F2 = PCOTH(I,J)
P3 = PCORD(I,J)
F4 = PCOTD(I,J)
GO TO ST
560 CONTINUE
P1 = PCORNA(I, N
P2 = FCOTAN(I,J)
P} = PCORDA(I,J)
P4 = PCOTDA(I,J)
570 CONTINDE
IP(T .NP. 2) GO TC €55
PCRAV (I) = FCRAV(I) + (FCY1(J)/SNI(Y))
555 CONTINDE
IP(I.NE.3) GO TO 557
PCRAV (I)=PCRAV (T) #+FC2 (J) /SNI(T)
€57 CONTINUE
FORAY(Y)
POTAY (T)

FORAV(I) ¢ (F1/SNI(I))
FOTAV(I) ¢ (F2/SNI(I))
OPRAY(I) DPRAV(Y) ¢ (FI/SNI(T))
DPTAV(I) DPTAV(Y) + (®u/SNI(T))
IP(I .LE. 3) GO TO 575
PCRAV(I) = PCRAV(I) ¢ (FCRRAL(I,J) /SNI(T))
€75 CONTINDE
580 CONTINUER
600 CONTINTE
DO 620 1I=1,12
PCAVA(I) = FORAV(T) = DFEAV(I)
£20 CONTIND®
CeasssLOOP TO CALCULATE CFOPPING PACTOE ESTIMATES WHEN KEGATIVE
c CSTI®ATES AR® S®T TO ZEPO.
"0.
Y=0.
JPTN=NI(Y)
S=PLOAT(NI(Y))
DD 623 I=1,JPIN
TP (PCORNA(Y,T).1LT.0.) GO TO 62°F
X=X+FCORNA (Y, I)
625 IP(PCOTRAA(1,I) .LT.0.) GO TO 627
Y=Y+ PCOTHA (1,7)
627 CONTINDE
€23 CONTINDE
X=Y/S
Y=v/5
PLINT=PLINT/S
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Appendix C. (continued)

I¥ (TCHOSE.BQ.1)
AWRITE (6,2002) PCAV,NY (1), P0RAV (1) ,NY (1) ,POTAV (1) ,NY (N ,X,5,¥,5,
AV (2) NY(2) ,FCRAV (2) ,NY (2) , PORAV(3) ,NY (D),
v, AV (2),NY(2) ,DFRAV(3) ,NY (3)
TP (ICHOSE. BQ.2)
AWRTIT2(6,1765) PCAV,NY (1),POFAV (1) ,NY(1) ,POTAV (1) ,NY (1) ,X,S,Y,5,
XPCRIV(2) ,NY(2),
TPOTAV (2) ,NY(2) ,FOTAV(3),NY (3),
2D0PTAY (2) ,NY(2) ,DPTAY (3) ,NY (3)
2002 PORNAT(///,5X, *AVIRAGE TRUE PC = *,F10.5,5X,'N= *,15,//,5%,
W'OVEEALL AVERAGE ORNL PC = *,P10.5,5Y,'N= *,15,/,5KX,
Y'OVERALL AVESAG® OTHEP FC = *,F10.5,5X,'N= *,15,//,5%,
Y'AVERAG® ORNL PC, NPGATIVES SPT TO ZPRO',F10.5,5X,'N= *,®5.,0,/,
28X, AVERAGE OTHE®R PC, NEGATIV®S S®T TO ZEFO',F10.%,5X,
VN Y LP5.0,///.5Y,
1*AVERAGE OBNL PC, 0.0 = 1.0 = * ,P10.5,5Y,*N= ',75,///,5%,
A'AVERAGE TROUE FPC, WFEN ORNL PC TS POSITIV® = *,F10.5,5K,'N= *,
BYS,///,5X,
2¢AVERAGE ORNL PC, LESS THAN 0.0 = *,P10.5,5X,"N= *,15,///,5X,
SYAVEEAGE ORNL PC - FPC, 0.0 = 1.0 = *,P10.5,5%,'¥= *,15,///,5%,
6" AVPEAGE ORNL PC - PC, LPSS THAN 0.7 = *,P10.5,5Y,'N= *,15,///,5%)
1765 PORMAT (///,5K, "AVEEAGE TPUE ®C = *,P10.5,5X,'N= *,15,//,5%X,
W'OVERALL AVERAGE OENL FC = %,F10.5,5X,"N= ',15,/,5X,
X*OVERALL AVERAG® OTHEP FC = *,P10.5,57,'%= ' ,75,//,5%,
Y'AVPRAGE OBNL PC, NEGATIVES SET TO ZFR0',P10.5,5X,°N= *,®5.0,/,
25X,*A\YEEAGE OTHE® PC, NEGATIVES SPT TO ZBRO',F10.%,5%,
ViN= *,P5.0,///,°X,
A'AVERAGE TRUP FC, WHEN OTHR PC IS POSITIVE = ',F10.5,5%,"8= ¢,
Stzl///l:-"
J*AVPRPASE OTHEP PC, 0.C = 1.0 = *,P10.5,5K,°N= *,15,///,5X,
4*AVPPAGE OTHER PC, LESS THAN 0.0 = *,F10.5,5X,°'N= *,%5,///,5%,
TYAYRRAGE OTHER FC - PC, 0,0 = 1.0 = ¢ ,®15,%,5¢Y,'n= *,1%,///,5X,
AYAVEPRAGE OTHEP PC - ®C, LPBSS THAN 0.0 = *,¥P10.5,5Y,'N= ¥ ,15,2////)
TP (ICHOSE. 2Q. 1)
YHRITE(6,2021) FORAV(7) ,NY (7) ,DFRAV(7) ,NY (7) ,FORAV (F) ,NY (6),
1DPRAV (6) ,NY (6) , PORAV (5) ,NY (%) , DPEAV (5) ,¥Y (5) ,FOEAV (4),NY(8),
20PRAV (4) ,NY (4)
IP(ICHOSE. PQ.2)
YHRTIT® (6,2021) FOTAV(7),NY (7),DETAV(7) ,NY(7),FOTAV (€) %Y (6),
1DFTAV (£) NY (F) ,TOTAV (5) ,NY (%) , DETAV(S) NY(5) ,FOTAV (4),NY (4),
2DPTAV (B) ,NY (4)
2021 PORMAT (////,5%, 'AVEEAGE EST, ®C, 0.0 T0 =0,2 = *,F10.5,5X,°'N= *,
AIS,7/7/.5X,
1'AVEEAGE PST. PC = FC, 0.0 70 =0.2 = *,P10.5,5X,'N= %,15,///,5%,
2YAVERAGE BST. PC, =0.2 TO =0.4 = *,F10.5,5%,'N= *,15,///,5X,
1 AVEPAGE EST. PC - PC, =0.2 TO =0.8 = * ,P10.5,5f,'N= *,15,///.°X,
§*AVERAGE EST. PC, -0.4 TO =0.6 = *,®10,.5,5%,'N= ¢ ,75,///,5X,
5¢AVERAGE BST. PC - PC, =0.4 T0 =0.6 = *,?10.5,5X,'N= *,15,///,5¢Y,
6'AVERAGE BST. PC, =0.6 TO =0.R = * F10.%,5Y,'N = *,75,///,5¢Y,
TYAVERAGE BST. PC - PC, =0.6 TO =0.8 = *,P10.5,5%,'N= *,15,//////)
TP (ICHOSE.BQ. 1)
XWRITE(6,2024) FORAY (8) ,NY (B) ,DFEAV(R) ,NY (8) ,PCKAV (8) ,NY (8),
APORAV (9) ,NY (D),
1DPRAY (9) ,NY (9) ,"ORAY (10) ,NY(10) ,DFRAV (10) ,NY (10) , FORA™(11) ,N¥(11),
20PRAV (11) , NY (11), PORAY (12) ,NY (12) ,DFPAV(12),NY (12)
IP(TCHOSE, 80.2)
XWRITE (6,2024) POTAV(E) ,NY(8) ,DPTAV (8) ,NY (B),ECRAY (8) ,NY(8),
APOTAY (9) ,NY (9),
1DPTAV(9) ,NY (9) ,POTAY (10) ,NY(10) ,DPTAV (10) ,KY (10) , POTAV (11) ,NY (11),
2DPTAV(11) , NY(11), POTAV(12) ,NY(12) ,DETAY (12),NY (12)
2026 PORAAT (////,%X, ' AVERAGE BST, PC, C.0 TO 0.2 = *,F10.5,5Y,'N= 7,
AIS,//7.5%,
1*AVEPAGE EST. PC = PC, 0.0 T0O 0.2 = *,P10.5,5%,'N= *,15,///,5%,
AYAVEPAGE TRU® PC, WHEN EST. PC IS 0.0 T0 0.2, = ¢,
BP10.5,5X, *N= ', 15,///.5Y%,
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2°AYERAGE EST. ?C, 0.2 TO O.4= *,F10.5,5X,'N= *,I%,///,5%,
3*AVERAGE BST, PC - PC, 0.2 TO O.8= *,P10.5,5X,'N= ',15,///,5X,
8*AVERAGE BST. PC, 0.4 TO 0.6= *,P10.5,5%,'N= *,15,///,5%,
SY'AVERAGE BST. PC - PC, 0.8 TO 0.6= * ,»10,5,5X,'N= *,35,///,5%,
6*AVERAGE BST. PC, 0.6 TO 0.8= *,®10.5,5X,"N= *,7%,///,5X,
T7*AVERAGE BST. PC - PC, 0.6 TO 0.8= *',FY10.5,5K,'N= *,15,///,5X,
B*AVYERAGE BEST. FC, 0.8 TO 1.0= *,FPV10.5,5%,'N = *,15,///,5X,
9*'AVERAG? ®ST. PC - PC, 0.8 TO 1.0= ',P10,5,5X,"'N= *,15,//)

c
CuvesCALCULATION OP THE STANDARD DEVIATIONS OP "ORNL PC', 'OTHER PC*,
c 'ORNL PC - TRUE PC', AND 'OTHEE PC - TROE ¥C!
DO 700 I=1,12
IP(NY(T).GT.1) ABC=0.
IP(NY(I).LT.2) ABC=1,%2+30
PORVE (I) = ABC
POTYR (T) = ASC
DPTYR(T) = ABC
DPRVR(I) = ABC
PCYR (T) = ABC
700 CONTINDE
PCVRR = 0.0
DO 750 I=1,12
JPIN = NI(Y)
ChrveesTHE POLLOWING STATENENT %AY SE HELPFIL IN DEBUGGING.
c WRITP (6,2347) JPIN,NY (D)
2747 PORMAT(1H ,S5Y,*JPIN= *,15,% ACTMAL WUMB®R IN CATEGORY=',I5)
IP(NY(I).LE.1) GO TO 750
PO 710 Y=1,JFIN
IP(T .GT. 1) 50 T0 71
PCYRR = FCVRE ¢ (PCA(J) =~ PCAV)®e2
PCYR (1) =PCVYR (1) ¢ (PCA (J) =FCAV) ##2
Cuvee.THE ABOVE IS NEEDED BEPOR® THF 710 CONTINTE STATEMENT,
711 CONTINOE
Cuves.THE NPXT GEOUP OF STATEMENTS IS NEBEDET BEEORE 710 CONTINUE,
c ALTHOUGE NOT US®D AS OUTPUT.
IP(I.NE.2) GO T0 713
PCVR (I) =PCVE ()¢ (FC1(J) =PCRAV (I)) %e2
713 CONTINOE
TP(I.NE.3) GO TO 715
PCYR (I) =FCVR (I)+ (PC2 (J) =FCRAV (1)) *¢2
715 CONTINDE
I*(I .LE. 3) GO ™0 720
P1 = PCORN(I,J)
F2 = PCOTH(I,J)
P1 = PCORD(I,J)
P4 = PCOTD (I,J)
G0 TO 725
720 CONTINOE
F1 = PCOENA(T,J)
P2 = PCOTHA(I,J)
P} = PCORDA(I,J)
P4 = PCOTDA(I,J)
725 CONTINOE

PORVR(I) = FORVR(I) ¢ (¥Y = PORAV(I))**2
DPRYR (I) = DPRVR(I) + (F3 =~ DFRAV(I)) ¢e2
POTYR(I) = FOTYR(I) ¢ (P2 = POTAV (1)) ¢e2
DPTVE(I) = DPTYR(I) + (F4 =~ DPTAV(I))**2

PCYR (T) = PCYR(I) ¢ (F1 = F3 = PCAVA(I))®s2
Cueevs. ALTEENATIVE WOULD BE:
c PCYR (1) =PCVR (I)# (P2=-F4=PCAVA (1)) *+2
710 CONTINDE
150 CONTINOE
D0 770 I=1,12
PORVR (I) = SQRT(PORVE(T)/(SNI(I) = 1.))
POTYR(I) = SQRT(POTVE(T)Z(SNI(I) - 1.))
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DPRYR(I) = SQRT(DPRYE (I)/ (SNI(X) -
DPTVR(I) = SQRT(DPTVR{I)/(SNI(T) -
CONTINDE

PCYRR = SQRT(PCVRR/ (SNTI(1) - 1.))

IP (ICHOSE.EQ. 1)

XVRITE(6,2016) FCVRR,FORVE(2),FOPVE(
1DPRVE(3)

IP (ICHOSE.%Q.2)

XWRITE (6,2317) FCVRR, POTVE(2),"PTVF(
1DPTVE(2) ,DFTVE (1)

PORMANT (///+s5%, *ST.DEV. TRUE FC =
1*ST.DEV., ORNL PC, 0.0-1.0 = *,¥10.5
2'ST.DEV. ORNL FC, LESS THAN 0.0 = *
S'ST.DEV. ORNL PC - FC, 0.0 -~ 1.0 =

1.))
.1
1) ,DPRVR(2),

.

0.5,//74.5%,
'//'sx‘
F10.5,///.5%,
'.P'o‘r‘l/,/l"!l

6*ST.DEV. ORNL PC - PC, LESS THAN 0.0 = ',¥10.5,///,5%

PORMAT (///,5%,"'ST.DEV. TRUR FC = ¢,
3*ST.DEV. OTHER FC, 0.0-1.0 = *,P10.
4*'ST. DEV. OTHER PC, LESS THAN 0.0 =
7*ST.DEV. OTHER PC - FC, 0.0 - 1.0 =
8'ST.DEV. OTHER FC - PC, L®SS THAN 0

I?{ICHOSE.®Q. 1)

F10.5,///.5%,
€e///.5%,

Y, ¥V0.5,277:5%;

'L P10.5,///.5%,
«0 = Y, F10.5,/2//7/N

XWRIT® (6,2028) FORVYR(7), DPRVER!(7) ,FORVR(A) ,DFEVR(€),FORVR(S),

1DPRVE (5) ,POEVR (4) ,DFEVR (4)
I*(ICHOSE.PQ.2)

XWRITR (6,2028) POTVR(7), DPTVR(7),FPOTVR(6) ,DFTVR(6),IOTVR(S),

1DPTVE(5) ,FOTVR (4) ,DFTVR (4)

®ORMAT (£////,5%,"ST.DEV, BST. PC, O
1'ST.DEY. BST. PC - PC, 9.0 TO =0.2
2'SsT.DPV. PST. PC, -0.2 TO =0.4 = ¢,
3*sT.DEY¥. EST. ¥C - PC, -0.2 TO -0.8
4's?.DEY. BST. PC, -0.4% 10 =0,6 = ¢,
S*sT.DPV. EST. PC - PC, -0.4 T0 -0.6
6'sT.DE®V, EST. PC, -0.6 TO -0,8 = *,
7¢57.DEY. BST. FC - PC, ~0.%5 T0 -0.8
IP(ICHOSE. EQ. 1)

XWRITE(6,2029) PORVE(8),DPEVR (8) ,POP
{DPRVE (10) ,FORVE (11) ,DFRVR (11) , FORVR
IP(ICHOSE, ®Q.2)

XRRITE(6,2029) FOTVE(8) ,DFTYE (%) ,FOT
1DPTYR (10) ,FOTYR(11) ,DPTYVE (1Y) ,FOTVP
PORMAT(/////+5%,*ST.DEV. ES™, FC, O
1'ST.DEV. EST. PC - PC, 0.0 TO 0.2 =
2'ST.DEV, EST. FC, 0.2 TC Q.4 = *, 7Y
3'ST.DEV. BST. PC - ¥C, 0.2 T0 0.4 =
4'ST.DEV. BST. PC, 0.8 TO 0.6 = *,F1
S'ST.DEV. EST. FC - PC, 0.4 TO 0.6 =
6°ST.DEV, BST. PC, 0.6 TC 0.8 = *, P}
7*ST.DEV. BEST. PC - PC, 0.6 70 0.8 =
8'ST.DEYV. BST. PC, 0.8 TC 1,0 = ', F1
9*ST.DEV. BST. PC - PC, 0.8 TO 1.0 =

«PRINT OUT A TABLE OF VALNES

SHPSZE=FLOAT (NESTH)
TOTPRQ=0.

IP(ICHCS® .BQ. 2) GO TO 790
WRITP (6,2060)

PORNAT (1HY)

WRITE(6,2061)

«0 TO =0.2 = *,P10.5,//.,5%,
= VL, P10.5,//7457,
*10.5,/2/:, 5%,

= *,F10.5,//.5%,
F19.5,//.5X%,

= ',P10.5,/7.5%,
PV10.5,7745%,

= ¢, PV0.5,//7/17)

VP (9) ,DFRVE (9) ,FORVP (10),
(12) ,DFRVE{12)

VR (9),DPTVE (9) ,FOTVE (10),
{12) ,DPTVE (12)
.0 TO 0.2 = *,710.5,//.5%,

'Y P10.5,//.5%,
€C.5.//745%,

"y P10.5,//.5%,
0.5,//745%,

Y2 P10.5,/7,5K,
0.%,/7¢5%,

'*,P10.5,//,5%,
0.5:77:5%,

YLRV0.5, 27777

2061 PORMAT (///.6%,"ORNLY, 10X, *MEAN' ,SX, *S7D,*,5Y, A" ,BX,*B*,8X, ' LOWER"

1,0X, *MEAN' ,5X, "OPPER',4X, * NPAN' SV,
26Y,* PSTINATE?, 6%, YOPNLY,SY 'DEV. ' ,5
37X, PTRUEY ,EX, Y FCY,TX, YOBRNLY,5Y,

46X,  RANGE' ,9Y, *DIPFEFR.',2X, ' DYFFEF,

SOEST. ",5%,'PC TN, EST. ", S, VPCY, 7Y,

TNT,UX,*RELATIVEY,/,
¥, 'BOUND? L X, * POUNDY ,4X,PC",
SX, 'PREQNINCY?, /,

v,2%,  YYALODEY,4X,*VALUE',U4X,
77)
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UL = -1.0
BL = =-0.8
DO 850 I=4,12
AA(I) = #DPRAV(T) = 2.®DFRVE(T)
BB(T) =+DPRAV(I) + 2.*DPRVRE(I)
PCAVA(I) = PORAV(I) - DFEAV(I)
SN = NI(I)
PCYR (I) = SQRT (PCVE(I)/(SN-1.0))
PCESTD = PCAVA(I) + 2.%PCVR(I)
PCESTL = FCAVA(I) - 2.*PCVYR(I)
¥RE) (1) =(PREQ(T) /SHPSZE) *100.
TOTPRQ=TOTFPRQ¢PFEQ) (1)
GO TO 821

821 CONTINOE
UL = OL ¢ 0.2
BL = BL + 0.2
IP(NY(I) .LT. 2) GO TO 830
WRIT® (6,2062) 7L, BL,DFRAV(I),DPRVE(T) ,AA(T),BE (I) ,PCESTL, PCAVA(T),

1PCESTUO,PORAV (1), FI(I) ,FERQ(I)
2062 PORMAT (VH , 1X,P5.2,1X,* TO *,FS5.2,8(2Y,P7.4) ,75,1X,F7.1,'%*, )
50 TO 831

830 CONTINDE
WRITE(6,2064)0L,BL,NY (I),PREQ(I)
2068 PORMAT ('H ,1X,PS.2,1X,* TO *,®5.2,10%,"INSOPPICIENT NTUMBER OF SANP
1LES = N=0 OR N=1',21Y,I2,1Y,F7.1/)
831 CONTINOR
A50 CONTINDE
WRITE (6,2068) TOTPRQ
2068 PORNAT (//5X,'TOTAL PEPCENTAGE OF ALL SANPYES ACCOUNTED POR IN',
1* ABOVE TABLE =',F6.1,'9Y")
WRITE(6,2070) DPRAV (1) ,DFRVR(1)
2070 PORSAT(///,5X,"FCORNL - PC : OVERALL MEAN BIAS = ',
1#12.5,5%,'ST. DEV. = *,P12.5,//)
WRITE (6,2073) PLINT
2073 PORNAT (1HO,4X, *AVEFAGE PROPORTYON OF ORGANISHMS ALIVE N INTAKZ ',
1*SAMPLES =*,P9.5)
Go TO 901
790 CONTINDE
WRITER(6,2060)
VRATY (€,2063)
2063 PORMAT (///.6X,'0OTHR' , 10X, "NEAN®,©X,*STD.*,5X,"A",8X,"'8",8X, ' LOVER"

1,8Y, "MEAN® ,5X, *UPPRR' ,4X, "HEAN',5X, *N',4X,'RELATIVE',/,
26, 'ESTINATE',6X, *OTHRY X ,*DEV.",5X, "BOUND' ,4X,* BOUND® ,4X,*PC*,
37X, TRORY,SX,*PC*,7X,"CTHR',5X, SX, 'FREQUENCY®, /,
86X, *EANGE®,9X, *DIPFFR. *,2X, 'DIFPER.",2X, ‘VALUE® 4%, 'VALUR®, uX,
SeRST. !, SX,*PCY,7X, EST. ', 5X,'PC*, X, /7

gL = =10

BL = -0.8

DO 900 I=4,12

SN = NI(I)

AA(I) = ¢DPTAV(I) - 2.®DFTVR(I)
BB(I) = ¢DFTAV(I) ¢ 2.¢DPTVR(T)
PCAVA(I) = FORAV(I) - DYRAV(I)
PCYR (1) = SQRT(PCYR(I)/(SN-1.0))
PC2STO = PCAVA(Y) + 2.8PCVR(I)
PCESTL = PCAVA(I) - 2.¢PCVR(I)
FREQ (I)=(FREQ (I) /SNPSZE)*100.
TOTPRQ=TOTPEQ+FR¥"Q (I)
GO TO &7
871 CONTINDE
aL = 0L + 0,2
BL = BL ¢ 0.2
IP(NY (I) .LT. 2) GO TO 880
WRITE (6,2062) UL,BL,DFTAV(I) ,DFTVR(I),AN(T),BE (I), PCESTL,
1PCAVA(T) , PCESTO,FOTAV (I), NI(I),PREQ(])
GO TO 881
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€90 CONTINDE
WRITE(6,2064)7L,BL, NY (T) ,PRPQ(I)
891 CONTINDE
900 CONTINDE
WRITR(6,2068) TOTPRQ
WRITE(6,2071) DPTAV (1) ,DFTVR(Y)
2071 PORMAT (///.5X, "PCOTHR - PC : OVERALL MEAN BIAS = ',
1912.5,5%,°'ST. DEV. = *,P12.5,//)
WRITP® (€,2073) PLINT
901 CONTINOE
950 CONTINDE
sTop
END
POUNCTICN TRAND (PRAN)

ceeesB.J.MCGARTH AND D.C.IRVING. 1975. TECHNIQU®S POE EFFICIENT MONTE CARLO
STYILATION. YOL. 2. RANDOM NUMBER GENERATION POR SEZLSCTED PROBABILITY
DISTRIBUTIONS. ORNL-RSIC-38

aaoaaonoa

DIMENSICN SUM(10)
INTEGRR PAN,GEN,BASE,CARRY,SUN,PROD,HPROD
CONMON/MIRNG/RAN (10) , GEN (10) ,NWED,BASE, ¥ON,FBASE, FNOD
po 30 IS=1,NWRD
30 Sn4 (15) =0.
DO 1 IG=1,NWRD
N2=NWED-IG#!
DO 1 TE=1,N2
I5=IR+IG~1
PROD=PAN(IR) *GEN (10)
HOROD=PEOD/BASE
LPROD=FROD-HPROD®BASE
S7Y (IS) =SUM (IS) ¢LPROD
1P (IS.LT.NWRD) SUM(IS#1)=SUY(IS+1)+H2ROD
1 CONTINU®
N2=NWED-1
DO S IS=1,N2
CARRY=SUM{IS) /BASE
SN% (TS) =STM (IS)~CARRYSBASE
SUY(IS+1) =SUM(TSe 1) +CARFY
5 CONTINTE
STM (NWED) =SUM (NWBD) =MOD* (SU™ (NWRD) /#0D)
D) 20 IS=1,NWRD
20 BAN (15) =SUM (T5)
PRAN=SU% (1)
DO 10 IS=2,NWRD
10 PEAN=PRAN/FBASEeSON (15)
PRAN=FPRAN/FNOD
DRAND=FRAN
RPTURN
PND
SUBROTTINE RANSET (MAXINT,NSTET)

eneesB.J.MCGARTH AND D.C. IRVING. 1975. TFCHNIQUES FOR PPFICIENT MONTE CARLC
SIMYLATION, VOL. 2, RANDOAN NUMBEP GENERATION FOF SELECTED PROBABILITY
DISTRIBUTIONS. ORNL-RSIC-138

aoaononnnan

INTRGER RAN,GEN,BASE,CAFPY, REM

COMMON/NIRNG/ RAN (10) ,GEN (10) ,NWED,BAS®, 90D, FEAS® ,FMOD
SAKI=MAXINT/U

189=0

RASE=1



IFP (BASE.GT.MAXI)
BASE=EASE®Q

Ta=TEBe+Y

GO TO 99

BASE=2%#]1R

PEASF=EAS?®

NERD=4T /1B

REN=47-1IB* (NWRD~-Y)
MOD= 2% *REN

PHOD=NOD

DO 101 N=1,10

RAN(N) =0

GEN(N) =0

GEN(1) =5

DO 200 I=1,184

CARRY=D

DO 190 N=1_NWRD
GEN(N)=GEN (N) *S+CAFRY
CARRY=C

IP (GEN(N) .LT.BASE) GO
CARRY=GEN(N) /RASE

3PN (N) =GEN (N) ~BAS®*CAFRY
CONTINDE

"ONT INDE

NSTART=NSTRT

IP (¥STAPT.LE.O) NS
NSTART=2®(NSTART/2)
DO 300 N=1_NWRD
NTENP=NSTART/BASE
RAN(N) =NSTART-NTENP*BASE
NSTART=NTENP

RETOURN

FND
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SAMPLE OUTPUT (CASE 1)

Some of the output has been deleted from this appendix, as

indicated, to save space.

RANDON NURBEP

INITIATOR = 20869

SACRINE®-SPECIPIC MAXINDN INTEGER = 38359738767

TRERE AR®
THER® ARY

CORORT SIZE PER SAMPLE VARIES PRON

"
r2
®1
ra
S5
e
L
ve2
PPy
PPS
Po&

PSY

VARI®S
VARTYES
VARIES
VARIES
VARIES
YARTIES
VAETES
VARIES
VARIES
VARTES
VARIES

VARIES

€00 OVERALI ESTTSATES OF THFE CROPPINC FACTOR
1 SAWPLES PER ESTINA"E

PRON
PRON
YEROw
PRON
PRO™
PRON
PRON
PRON
PEON
PRON
PRON

PRON

0.90000
0.%0000
0.90000
1.00000
0.7%000
1.00000
1.00000
0.50000
1.00000
0.7%000
1.00000
0.00009

T

™

1. 0
0.90000;
0.50000;
0.90000;
1.00000;
0.75100;
1.00000;
1.00000;
0.50000;
1.00009
0.75000
1.00001
1.00000;

n
rn
&
U
'!

} 4

100.

ARSISNT ALIVE.

RETENTION OF ANEIENT DEAD.
SOSCEPTIBILITY OF LIVE TO INTAKE.
CATCHABILITY OF LIVE,

NET SOPYIVAL OF LIVE.

RETENTION OF NET-KILLED.

?7= RETENTION OF PLANT-KILLED.

PP2 IS FACTOP 2 POR INTAK® R/TH DISCHARGE.

PSV IS PRACTION SURVIVING PLANT PASSAGE.
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PR e L LR L AL ALl ALl

ABALYSIS POR ORNL BSTINATES. "EST. FPC" REFERS TO PC ESTINATED WITH TH® ORNL FORRILA.

Rl L L L L L L

CONPAPISONS OF REAL PC WITH ESTINATES OF ¥C

rc PCOPNL PC OTHER PC ORNL - PC PC OTHER -~ PC
0.56149 n.56149 9. 39664 -0.00000 ~0.16486
0.%6381 0.56381 0.39827 0.00000 -0. 16558
0.%839% 0.5839% 0.812%0 =-0.00000 -0.17145
0.74270 0. 78270 0.520F4 -0,00000 ~0.21806
0.8"184 n.B%184 0.60178 -0.00000 -0.2%01
0,87588 0.97548 n.618481 0.09000 -0.25701
0.080%) n.08081 N.028°6 -0.00000 -0.011487
0.13564 0. 13568 0.095862 -0.900000 -0.03982
n.2816"% n, 2816% 0.1989% 0.00000 ~0.08269
0.30261 0.30263 5.213717 -0.00000 -0.08885
0.99%3% 0.99%3% 0.70311 0.00000 -0,2922%
0.53803 0.53801 0.38007 0.00000 -0.15797
0.05021 0.0%023 0.03%u8 0.00000 -0.0187%
0.88225 0.R8225% 0.59496 0.00000 -0.28729
0.3333¢6 0.33336 N.23%38 -0.00000 -0.09787
0.86717 0.86717 0.33001 -0.00000 =0.13716
0.18508 0. 18%08 9.10288 -0.00000 ~0.04258
0.10250 0. 10250 0.07241 -0,00000 =0.03010
0.87176 0.8717% n.61581 0.00000 -0,25%9%
0.88420 0.84420 0.59628 0.00009 -0,24786
0.35719 0.35719 0.25232 -0.00000 -0.10487
0.35918 0.36914 0.26076 0.00000 -0.10838
0.61079 0,.61079 D.83146 -0.00009 -0.17931
0.67487 0.67u67 0.476%5 0.00000 -0.19809
0.18971 0. 18971 0. 13401 -0,00000 -0.05%70
0.56%98 0.56594 0.39978 0.00000 -0, 16614
0.39863 0.39%63 0.727876 -0.00000 -~0.11%36
0.03834 0.0338 0.02026 -0.00000 -0.01008
0.03172 0.03172 0.02281Y =-0.00000 -0,00931
0.73787 0.77787 0.52123 -0.00000 -0.21668
0.6970¢ 0. £970¢€ 0.49260 0.00000 ~0.20466
0.89118 0.8911% 0,62950 0.00000 “0.26164
0.%9284 0.%9288 0.81172 -0.00000 -0.17111
0.59097 0.59097 0.41746 0.00000 =0.17351
0.A1294 0.8129% 0.57426 0.00000 -0.23868
0.23633 0.23633 0.16695 0.00000 -0.06939
0.25290 0.25290 0. 17865 -0.00000 ~0.0742%
0.20073 0.20072 9.14180 -0,00000 -0.05894
0.10260 0. 1020 n.072¢8 -0.00000 «0.03012
0,10684 0. 10688 0.07587 ~-0,00000 =0.031)?
0.81360 0.81360 2.57473 0.00000 -0.2388¢c
0.20987 0.20987 7.14825 0.00000 -0.06162
0.2180° 0.21809 0. 15406 -0.00000 =2.066013
0.00584 0.00586 0.00618 -0.00000 -0,00172
0.93%4¢3 0.99862 0.70260 0.00000 -0.29203
0.5183% 0, %1413¢ 2.36374 -0.00000 -0.15102
0.9288% n,.9288% 0.6%61)3 0.00000 ~0.27271

(seven pages deleted)

0.63226 0.63226 0.584663 0.00000 -0.18%61)
0.23172 0.23172 0. 18 368 0.00000 -0.06803
0,90201 0.90201 0.63719 0.00000 -C.26884%
0.87983 0.87991 N.621%0 0.00000 ~0,2%832
0.5707% 0.5707% 0.80318 0.00000 -0.16758
5.71007 8.71007 0.501%9 -0.90000 ~0,20848
0.0557% 0.9557% 0.03938 ~9.00000 ~0.01637
0.7678 0.70678 0.09927 0.00000 -0.20751
0.95088 0.9%088 0.67170 0,00000 =0.27918
0.66780 0.64780 0.47173 0.00000 -0.19697
0.06568 0.06468 0.08%69 -0.00000 -0.01899

0.88022 0.88022 0.62179 0. 00000 -0,25A48
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B L L R R A L A L AR Ll

AWALYSTS POF

ORNL ESTIWATES. “EST.

FC" REPERS TO0 PC ESTIYATED WITH THE OSNL PORATLA.

L T R LR LR L R L

CALCOLATION OPF MEANS AND STANDARD DPVIATIONS OF ORNL AND OTH®R PC VALIES

AVERAG®

OVEPALL
OYRRALL

AVERAGE

AVFRAGE

AVPRAGE

AVERAS R

AVERAG®

AVERAGY

AVERAGF

AVERAGE

AVRRAG®

AVERASGE

AVERAGE

AVERATE

TRO® PC = 0.50%88 ¥= 500

AVERAGE ORNL PC = 0.50%8% N= 500

AYERAGE NTHER PC = 0. 35738 N= €00

NENL PC, NEGATIVES SBET TO Z®RO 0.50%88 N= 500,
OTHER ®C, NEGATIVES SET TO ZERO 0.3573% 8= 500,
OREL PC, 0.0 - 1.0 = 0.50588 N= “00

TRUZ PC, WHEN ORNL PC IS POSITIVE = 0.50%88 N=
ORNL PC, 18SS THAN 0,0 = essessesese w= 0

ORNL FC = ¥C, 0.0 - 1,0 = =-0.00000 ¥= 500
NRNL PC - ®C, LESS THAN 0,0 = essesssses N= 0
EST. PC, 0.0 TO =0,2 = sesssssass N= 0

BST. PC = PC, 0.0 TO =0.2 = @sessstses N= )
PST. PC, ~0.2 TO =0,4 = sesessesee N= 0

PST. PC - PC, =0.2 TO -0.8 = essssssses N= 0
PST. PC, -N.4 TH =0,6 = sesessesse N= 0

%00
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Appendix D. (continued)

AYPRAGE ®ST, PC =~ PC, =N.4 TO =0.6 = eessescsns Ne
AVERAGE BST, PC, «N.6 TO =N.8 = 6ssssesese N o= A
AYERAGE BST. PFC = PC, 0.6 TO 0.8 = sssssssess N=
AVERAG? BST, PC, 0.0 T0O 0.2 = 0.09423 N= S0
AVERAGE ®ST. PC - PC, 0.0 TO 0.2 = -0.00000 N= bl

AVERAG® TROE PC, -REN BST. "C IS O.0 ™ 0.2, = 0.0%823

AYRRAGE BEST, FC, 7.2 TO 0.8+ 0.298M N= 50
AVERAGE BST. PC - PC, 0.2 70 0 &= -0.00000 = 50
AY®RAGE BST, PC, 0.8 TO 0.f= 0.503¢s N= %9
AVERAGE BST. PC -~ PC, 0.8 TC 0.6= -0.90000 LA €0
AVERAGE BST. PC, 0.6 TO O.8= n.f9% 19 N= St
AVERAGE ®ST. PC - PC, 0.6 TO 0,f8= =0.00000 e 50
AVPRAGE BST. PC, 0.8 "0 1.0= 0.89262 N = %0
AVERAGE BEST. PC - PC, 0.8 TO V.0= -0.00000 N= S0

ST.NEY. TRO® PC = 0.2877S

ST.DEBY. OBRNL PC, 0.0-1.0 = 0.28775%

ST.DEY., ORNL PC, LESS THAN 0.0 = eetssssess

ST.DEV, ORNL PC - PC, 0.0 - V.0 = 0.00000



{continued

LR R




ORNL /TM-7965 66

Appendix D. (continued)

nReL "EAN STD. A L LOVER KEAN

ESTINATE ORNL oEv. BONND BOTND rc TRUE

KANGE DIPPER. DIPPER. VALTE vALOE BST. C
-0.80 ™™ -0.60 INSOPFICIENT NORBER O® SANPLES - Ws0 OF ¥s)
=-0.60 TO -0.40 INSOPPICIVNT NTHBER OF SARPLES - Ws) OR We)
-0,89 ™ =-0.20 INSOPFICIENT NTNEER OF SAMPLES = Ns=0 OR Nai
-0.20 T0 -0.00 INSOPPICIENT P ABER OF SAMPLES - N=0 OR N=)

-0.00 ™ 0.%0 -0.0000 0.0000 ~0.0000 00,0000 ~0.0256 0.0982
0.20 To 0.80 -0,0000 0.9700 -0.0000 0.0000 0.1691 0.2987
.40 TO 0.60 -0,9000 0.0000 <-0.0000 0.9000 0,388 0. %5036
0.67 To 0.80 -0.9000 0.9000 -0.0000 0.0000 0,.587F 0.6942
0,80 T0 1,00 -0.0000 0.0000 ~0,0000 0.0000 C.7731% C.8826

TOTAL PERCENTAGE OF ALL SANPLES ACCCOMNTED POR IN ABOVE TASLE = 100,

PCORNL = PC : OVERALL REAF BINS = =0.00000 ST. OBV, =

AVPRAG?® PROPORTION OF ORGANIS®S ALIV® IN INTAXE SAMPLES = 0.706480

NPPER
EST.

2.2
20,4283
0.61R8
0. 8007
2.9922

ne

0.00000

HEAN
ORNL
rc

0.09a2
0.2987
9.5036
0.52%42

0.8826

o o o o

S0
50
50
bl

PELATIVE
PREQUENCY

0.0
0.0
0.0
9.0
19,0¢
20, 6%
19,2%
21,67

20.¢%
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Appendix D. (continued)

Il e R R L R e R L L R A

ANALYSTS S0P OTHR BSTINATES. "oS*T, PC™ REPERS TO PC ESTINATED

WITH THE OTHER PORNOLA.

T e e L L e L LA e L

CALCOLATION OF SEANS AND STANDARD DEVIATIONS OF ORNL AND OTHER FC VALIES

AVERASE

OYE®RALL
OVERALI

AVERAGE

AVPRAGE

AYERAGY

AVESAGY?

AV TRAGY

AVERAGE

ATREAGE

AVERAGE

AVPRAGE

AVERAGE

AYRRAGE

AVERAGT

TRUR PC = 0.87322 N= 20

AVENAGE ORNL FPC = n.87322 LE] “00
AVERAGE OTHEP PC = N.3028 N= 00

ORNL PC, WEGATIVES S*T 70 2IFPOD n.871322 =
OTHER® PC, NEGATIVES ST TO ZERO 9.33429 N=
TRUE FC, VOEN OTHR PC IS POSITIVE = 7.47322
OTHER PC, 0.0 - 1,0 = 7.33878 N= 500
OTHER PC, LESS THAN 0,0 = sesssseses e
OTHER PC -~ PC, 0.0 - 1,0 = =-0.1399% L 500
ATRER PC - PC, LESS THAN 0.0 = essssstese '
2ST. PC, 0.0 TO =0.2 = ¢esssssses Ne )
25T. PC - PC, 0.0 TO -0.2 = eesssssses N=
EST. PC, =0.2 TO =0.8 = sesesssess N= 0
8ST, FC -~ PC, =0.2 TN =0,.4 = esesssssss N=

PST. PC, =0.3 TO =0.6 = eesssssses N= 0

$00.
500.

N= 500



TR TR TR
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Appendix D. (continued)

ST.DRY, OTHER ¥C - PC, 0.0 = 1,0 = 5. 0842

ST.NRY., OTHER PC - FC, LESS THAN 0,0 = sssessssss

ST.O%Y, BST. PC, 0.0 TO =0,2 = ¢Ssesessss

ST.NRY, PST. FC - PC, 0.0 ¥0 =0.2 = S$eessssses

ST.OBV, PST, PC, =0.2 TO ~0.,8 = Sesesessse
ST.DEY. EST, PC = FC, ~0,2 TO =0.U = séessssses
ST.OBY. BST. PC, ~0.4 TO =0.6 = es0sestess
ST.OEY, BST. PC - PC, =0,.8 TN 0.6 = ossstossss
ST.NEY, ®ST. PC, ~0.6 TO <D.R = Ssssessses

ST.DEY, EST., FC - PC, ~0,.6 TO =0,.8 = sessssssss

ST.92V, ST, PC, 0.9 TO 0.2 = 0.06079
ST.NEY, ®ST, PC - PC, 0.0 TO 0.2 = 0.02%10
ST.DEV. EST. PC, 0.2 TO 0.0 = 0.0523%
ST.DEY, EST. PC - ®C, 0,2 7D 0.8 = 0.02219
ST.DEV. BEST. PC, D.8 TO 0.€ = n. 06275
ST.D8Y, PSY. PC - PC, 0.8 "0 0.6 = 0.02508
ST.DEV, BEST. PC, 7.6 TO G.8 = 0.01187
ST.DEY,. BST. PC -~ ®C, 0.6 TO 0.8 = Q.01316
ST.OEV. EBST, PC, 0.8 TN 1,0 = eseesssess

ST.DEV. EST. PC -~ PC, 0.8 TO 1,0 = sesssseses



orYn WEAN
ESTINATE ITHR
BANGe DIPPER,
=0.80 "0 -0,60
=0,60 1T0 =0.4C
-0.,80 TO -0.20
=0.20 T0 -0,00
=0.00 T 0.29 -0,031%2
0.20 *0 0,40 -0,1268
0.40 T 0,60 +0.20%8
0.69 T0 0.80 -0,7691
0.80 T 1,00
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Appendix D. (continued)

STO. A ] LOWER AEAN

oe”. SO"ND Soowd rc TROE

DIPPEP. VALDE vaLuE ST, rc
INSUPPICIPNT NUNMB®R OF SAMPLES - Ns0 OR ¥e!
INSOPPICIENT NNREPR OF JAMPLES - NeO OR Ns=Y
TNSUPPICTIUNT NOMBER OF SAMPLES - NeQ OR ¥«)
INSUPPICTENT NNNE®R OF SAMPLES - NsQ OR N=)

0.025Y =-0.08%4 0.0150 -9.05%0 0.1200
0.0222 -0.1712 -0.0824 0.2807 0.8319
0.026Y ~-0.2%80 =0,15%% 0.5238 0.7010
0,0132 -0.29%% -0.2827 0.8267 0.9164

IMSUPPTICIZNT WIMBER OF SAMPLES - N=0 OR N=)

TPPER
rc
ST,

0.29%0
0.5830
2.8787
1.0061

TOTAL PERRCENTAG® OF ALL SAMPY®S ACCOINTEN POR IN ABOVE TABLE = 100.0¢

PCOTHR = P~ @ OVEPALL NEAN STIAS = -0. 13898 ST. DEV. =

AVERASY PPOPORTION OF ORGAVISAS ALIVE IN INTAKE SANPLES = 0,70640

0.08462

ORNL /TM-7965

REAN
oTHe
rc

0.0848
0.3051
0.695%?
0.6471

<0
S0
50
59

RELATIVE
PEEQUENCY

7.0
0.0
0.0
0.0
ER Y L
29.a%
25.2%
18.0%

0.9






286.
287.
288.
289.
290.
291.
292.
293.
294.

N
b=
wm

296.
297.
298.
299.

300.
301.

302.

303.
304.
305.

305.

307.

308.
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C. Chen, Tetra Tech, Inc., 3700 Mt. Diablo Blvd., LaFayette,
CA 94549

B. Cohen, U.S. Environmental Protection Agency, Region II,

26 Federal Plaza, Room 845, New York, NY 10278

M. J. Dadswell, Biological Station, Fisheries and Oceans
Canada, St. Andrews, New Brunswick, CANADA

R. Deriso, International Pacific Halibut Commission,

P.0. Box 5009, University Station, Seattle, WA 98105
Margaret Dilling, Librarian, Ichthyolegical Associates, Inc.,
100 South Cass Street, Middletown, DC 19709

D. J. Dunning, Power Authority of the State of New York,

10 Columbus Circie, New York, NY 10019

Ecological Analysts, Inc., Library, R.D. 2, Goshen Turnnike,
Middletown, NY 10940

C. Edwards, International Joint Commission, Regional Office,
100 OQuellette Avenue, Windsor, Ontario N9A 6T3, CANADA

T. Englert, Lawler, Matusky, and Skelly Engineers,

415 Route 303, Tappan, NY 10983

T. K. Fikslin, U.S. Environmental Protection Agency,
Woodbridge Avenue, Edison, NJ 08817

R. I. Fletcher, Center for Quantitative Science, University of
Washington, Seattle, WA 98195

T. D. Fontaine, III, Savannah River Ecology Laboratory, Drawer
E, Aiken, SC 29801

A. A, Galli, U.S. Environmental Protection Agency,

Mail Code R.D. 682, Washington, DC 204€9

H. Gluckstern, Regional! Counsel and Enforcement Division, U.S.
Environmental Protection Agency, Region II, 26 Federal Plaza,
Room 441, New York, NY 10278

R. A. Goldstein, Electric Power Research Institute,

P.0. Box 10412, Palo Alto, CA 94303

J. Golumbek, Energy and Thermal Wastes Section, Water
Division, U.S. Environmental Protection Agency, Region II, New
York, NY 10278

C. P. Goodyear, National Fisheries Center-Leetown, U.S. Fish
and Wildlife Service, Route 3, P.0. Box 41, Kearnysville,

WV 25430

P. A. Hackney, Division of Forestry, Fisheries, and Wildlife
Development, Tennessee Valley Authority, Norris, TN 37828

D. H. Hamilton, Office of Health and Environmental Research,
Department of Energy, Germantown, MD 20767

R. Henshaw, Bureau of Envirormental Protection, New York State
Department of Environmental Conservation, 50 Wolf Road,
Albany, NY 12233

C. Hickey, U.S. Nuclear Regulatory Commission, Washington,

DC 20555

Frank F. Hooper, Ecology, Fisheries and Wildlife Program,
School of Natural Resources, The University of Michigan, Ann
Arbor, MI 48109

E. G. Horn, Chief, Bureau of Environmental Protection,

New York State Department of Environmental Conservation,

50 Wolf Road, Albany, NY 12233






333.
334,

335,

336.
337.
338.

339.
340.
341,
342.
343.

344,
345.

346.
347.
348.
349.

350.

351.
352.

353.

354.
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D. Policansky, University of Massachusetts, Boston, MA 02125
E. M. Portner, The Johns Hopkins University, Applied Physics
Laboratory, Johns Hopkins Rd., Laurel, MD 20810

E. Radle, Bureau of Environmenta! Protection, New York State
Department of Environmental Conservation, 50 Wolf Road,
Albany, NY 12233

P. Rago, Schoo! of Natural Resources, University of Michigan,
Ann Arbor, Ml 48109

W. E. Ricker, Fisheries and Oceans Canada, Pacific Biological
Station, Nanaimo, British Columbia VIR 5K6, CANADA

Paul G. Risser, Office of the Chief, Illinois Natural History
Survey, Natural Resources Building, 607 E. Peabody Ave.,
Champaign, IL 61820

D, S. Robson, Biometrics Unit, Cornell University, Ithaca,

NY 14850

F. J. Rohlf, State University of New York, Stony Brook,

NY 11790

0. E. Ross, Power Authority of the State of New York,

10 Columbus Circle, New York, NY 10019

5. Saila, Department of Zoology, University of Rhode Island,
Kingston, RI 02881

£. Santoro, Technical Resources Branch, U.S. Environmental
Protection Agency, Region II, 26 Federal Plaza, New York,

NY 10278

W. E. Schaaf, Atlantic Estuarine Fisheries Center, National
Marine Fisheries Service, Beaufort, NC 28516

C. N. Shuster, Jr., Office of Energy Systems, Federal Energy
Regulatory Commission, 825 N. Capitol St., Washington,

DC 20426

M. P, Sissenwine, National Marine Fisheries Service, Woods
Hole, MA 02543

P. N. Skinner, New York State Law Department, Two World Trade
Center, New York, NY 10047

L. B. Slobodkin, State University of New York, Stony Brook,
NY 11790

J. Strong, Regional Counsel and Enforcement Division,

U.S. Environmental Protection Agency, Region 11, 26 Federal
Plaza, Room 441, New York, NY 10278

David Swan, Vice President, Environmental Issues, Kennecott
Corporation, Ten Stamford Forum, P.0. Box 10137, Stamford,
CT 06904

G. Swartzman, Center for Quantitative Science, University of
Washington, Seattle, WA 98195

L. Tebo, U.S. Environmental Protection Agency, Southeast
Environmental Research Laboratory, College Station Road,
Athens, GA 30601

K. W. Thornton, Environmental Laboratory, United States Army
Corps of Engineers, Waterways Experiment Station, Vicksburg,
MS 39180

C. J. Walton, Maine Department of Marine Resources, Fisheries
Research Laboratory, West Boothbay Harbor, ME 04575
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