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EFFECT OF HANFORD PLANT OPERATIONS
ON THE TEMPERATURE OF THE COLUMBIA RIVER
1964 TO PRESENT

R. T. Jaske and M. 0. Synoground

ABSTRACT

Compiled and reviewed are significant temperature informa-
tion and effluent mixing data thét have been performed under
the study "Effect of Reactor Effluent on the Quality of
Columbia River Water,' begun in 1962. The report presents
basic information needed for a sound view of the temperature
modification induced by reactor operation at Hanford and a
technical basis for relating these modifications to the
ecology. The primary concern here 1s with physical changes;
routine radiological aspects are not included except as they
apply to the development of simulation models for effluent
transport and dispersion and studies of the mechanics of

related food chain transport.

The development of the physical description of the plant
effluents includes, among other factors, detailed knowledge of
the concentration profiles and travel times of the effluents in
the river below the reactors: (1) to determine the extent of
interaction between and among operating plants and the city of
Richland water plant, (2) to permit prediction of potential
exposures from partially diluted effluent to persons down-
stream, especially in the event of off-standard releases, and
(3) to provide a basis for the accurate evaluation and mapping
of the extent of zones in which aquatic life might be affected.

1ii
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EFFECT OF HANFORD PLANT OPERATIONS
ON THE TEMPERATURE OF THE COLUMBIA RIVER
1964 TO PRESENT

R. T. Jaske and M. 0. Synoground

INTRODUCTION

Since the initiation of operations of the Hanford plant
in 1944, a continuing program of monitoring of the effects of
such operations has been conducted under Atomic Energy Commis-
sion sponsorship in order to permit a historical evaluation of
those operations on the ecology. A great deal of effort and
initiative has been taken to assure that the resulting numerical
information and derived judgments represent an objective assess-
ment of the events which have taken place. This report is an
attempt to review the salient observations gained from the
evaluation programs in relation to other thermal modifications
of the Columbia River resulting from the aggregate of man con-

trolled activities.

Effluent cooling water from the Hanford reactors and other
production related waste streams (including ground seepage)
discharges into the main flow of the Columbia River and changes
river water temperatures, chemical characteristics, and con-
tent of radionuclides. This study is primarily concerned with
the physical changes; routine radiological aspects are not
included. However, the existence of radionuclides in the
effluents is used indirectly in the development of simulation
models for effluent transport and dispersion and studies of the
mechanics of related food chain transport. River hydrology
and effluent distribution data obtained in this program are
used for the radiological assessment of plant emergencies and

changes in plant operations.

1.1
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The information developed by this program is especially
valuable in relation to Executive Order 11528 and related
legislation inVolving the establishment of water temperature | #
standards. This covers both increased knowledge of waste
inventories and releases and the physical description of waste
transport mechanisms.

While prominent importance is given to the measurement,
evaluation and prediction of changes in river temperature result-
ing from plant operation both locally and at distances down-
stream, other significant chemical parameters are also involved.
The development of the physical description of the plant efflu-
ents includes, among other factors, detailed knowledge of the
concentration profiles and travel times of the effluents in .
the river below the reactors: (1) to determine the extent of
interaction between and among operating plants and the city of
Richland water plant, (2) to permit prediction of potential
exposures from partially diluted effluent to persons downstrean,
especially in the event of off-standard releases, and (3) to
provide a basis for the accurate evaluation and mapping of the
extent of zones in which aquatic life might be affected.

Related progress in mathematical analysis has permitted
both better definition of the extent of modification of the
river by the heat load from the reactors and improved insight
into the distance downstream where significant effects persist.
This work is not complete and additional information will be
needed from a variety of sources to fully understand and
describe the effects of river developments on the water
quality. The diurnal, seasonal and hydraulic characteristics
of the river, resulting from manipulation of upstream and down-
stream dams both for power and water quality control purposes,
and the effects of impoundments both above and below the
Hanford plant are involved. The mixing of the plant effluent
with the waters of the Snake River in the McNary reservoir

1.2 *
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confuses to a great extent the ability to determine Hanford
plant effects by correlation methods alone. Since the annual
thermal cycle of the Snake River is decidedly involved in
either offsetting or emphasizing plant effects, it is of
significance to have the best possible data and techniques for

better understanding the regional river systems.

A number of reports directly related to this program are
itemized in Section V of this report. This report is a com-
pilation of the more significant température information and
effluent mixing studies which have been performed under the
study "Effects of Reactor Effluent on the Quality of Columbia
River Water,'" Program 02 50 10 10 originally authorized by the
AEC-Richland Operations Office in 1962. The report attempts
to compile in a single document the basic information needed
to obtain a sound perspective view of the temperature modifi-
cations induced by reactor operation at Hanford and a tech-
nical basis for relating these modifications to the ecology.
Readers are urged to examine the original source documents
for full treatment of individual topics and interpretation

by the original investigators.

1.3
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PROGRAM DESCRIPTION

DISCUSSION

To evaluate the operations of the Hanford project, com-
mencing in 1958, a system of thermal monitoring stations was
installed (Figure 1) with particular emphasis on measurement
accuracy. The resulting temperature data have beeen carefully
adjusted with reference to sensor errors and river sampling
deviations to reflect the best estimate of the true bulk river
temperature at each station. This was necessary to provide a
precise background for the development of thermal simulation
models(l) capable of predicting temperature and other associated
water quality variables to a high degree of accuracy. Although
flow through models of this type are capable of accuracies
equal to or better than ordinary temperature measurement
practice, statistical analyses were conducted to support con-
clusions derived from the simulation model. and for trend
analyses related to general environmental modification. These
analyses were intended to provide a relatively exact basis for
making judgments regarding some of the popular concepts of the
effects of dams, and the thermal sink capacity in the

Columbia River and its tributaries.

The availability of computerized analytical techniques at
the Pacific Northwest Laboratory (Battelle-Northwest) made it
possible to utilize existing data in a form never before
attempted. The general success of this method of least squares
analyses has permitted the generation of a series of least-
squares-fitted functional models which form the basis for the

conclusions of this presentation.

The need for a reasonably convenient method of making
least squares fits of data sets to arbitrary functions has

been chronic among experimenters and statisticians everywhere.
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In particular, the solution originally posed by Gauss appeared
promising, but its widespread use was prohibited until automatic

computing devices became available.

The problem of least squares usually arises from one of

two sources:

1. An experimenter desires to represent a set of data by some
function. He 1is not necessarily interested in what the
function is; he merely wants a convenient way to express
a mass of information. He may be interested in obtaining
a calibration curve for comparing future experiments. He
may be interested in forming the curve for the purpose of
integrating or differentiating the data in a consistent
way. He may want only to draw a smooth curve through the
data points. But, in each case, he wants the curve to be
the same as that obtained by any other person who is will-
ing to assume the same functional relationship between the

experimental variables.

2. An experimenter has a definite function in mind--one
whose constants (here called parameters) have a definite
physical or theoretical meaning. In this situation, he
wants to report not only the "best' values for the param-
eters, but he also wants to be able to attach a measure
of the error inherent in the data and, therefore, in the
estimates of the parameters. While it is true that not
every investigator can match these ideal conditions, 1t
is also true that proper design assists greatly in

minimizing the difficulties inherent in the analysis.

In this research, the function T = A + B sin (Cd + D)
originally used in oceanography and described by Ward(z) was
adopted because of the excellence of representation of annual
temperature data afforded by its use. In the operations

research supporting this study, the data points were grouped
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by year from January 1 through December 31 using 365 or 366 days
per year as appropritate. The data were then analyzed by means
of a nonlinear; maximum-likelihood, least-squares-fit routine
capable of handling nonlinearities and saddle points reliably.
This program, developed by the Applied Physics and Electronics
Department of Pacific Northwest Laboratory, is called program
MISFIT-LEARN and can be conveniently adapted to a variety of
computers such as the IBM 7090 or the larger Univac 1108, LEARN
makes use of numeric rounding for accuracy, ill-conditioned
matrix inversion logic, and statistical determination of saddle
points on the parametric surface. In addition, it contains a
two-stage recovery logic. If the usual first order approximation
fails, the routine tries the second order terms of the multi-
variate Taylor expansion. Failing this, the routine branches
into a series of approximations best described as ''reverse-and-
halve the last change'" logic. The analysis of the data yields
the best-fit parameters and, in addition, produces the root-

mean-square error associated with that parameter estimate.

Also included as output is a series of graphs plotted by
the CALCOMP plotter from magnetic tapes generated by the com-
puter. These plots include the observed data, the calculated
curve, and another pair of curves of plus or minus one standard
deviation on each side of the calculated curve. An example is
shown in Section IV.

If a function of the form T = A + B sin (Cd + D) is fitted
to annual temperature data, then C % 2n/365.25 % 0.017. As an
added check on the goodness of fit, this parameter was allowed
to vary in each case in order to see what value the computer
would calculate. Table 1 shows samples of values of all four

parameters for a series of data points from the International

border to Bonneville dam for the Calendar Year 1969.
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TABLE 1. Values for CY-1969

Model Comp. Daily Peak
Temp, Mean  Extreme- Shift-C Shift-D
°C A-°C B-°C Radians Radians
International Border T = 9.36 8.14 0.0172 3.97

Grand Coulee T = 10.09 7.84 0.0172 3.92

Rocky Reach T = 10.45 8.26 0.0172 3.83

Priest Rapids T = 10.63 8.24 0.0172 3.94

Richland T = 11.24 8.39 0.0172 3.94

McNary Dam T = 11.75 8.69 0.0172 3.97
T

Bonneville Dam = 11.84 9.11 0.0172 4,04
A fuller treatment of the information for the earlier
years and specifically those related to the effects of the con-
struction of Grand Coulee Dam is contained in References 3 and

4. The conclusions of this preliminary analysis were:

1. The use of the data plotters with suitable least-squares
fitted model functions provides a basis for the proéess—
ing of significant amounts of stream temperature and
other water quality data into promptly available reports
with consistent analytical perspective.

2. The erection of low head reservoirs on the main stem of
the Columbia River has not produced significant change 1in
the average temperature of the river.

3. The erection of Grand Coulee Dam creating Lake Roosevelt
has resulted in a 30-day delay in the transport of water
through the reservoir system. This delay and additional
delays associated with the expected construction of the
Canadian Treaty Dams, when combined, may be significant
ecologically.

4. The erection of dams and reservoirs decreases fluctuations
in the water temperatures. The ecologic effects of changes

2.5
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resulting from Columbia River impoundments are not, how-
ever, expected to be directly comparable to projects with
large storage and relatively small steam flow, such as Lake

Mead or some of the TVA impoundments.

Additional computations made during the most recent fiscal
year support the conclusions of the preliminary study. Least-
squares fitted models have been generated for all of the major
projects for which data have been collected over several years.

These are detailed in Section IV.

TABLE 2. Comparison of Trends (1935-1969)

Upper Extreme- Lower Extreme-
Mean - °C Mean - °C Mean - °C
Rock Island-
Rocky Reach 18.0 10.6 2.9
o = 0.95 o= 0.65 o= 0.94
Bonneville 19.0 11.4 3.8
o = 0.88 o= 0.81 o =1.06

Several of the trends observed in comparing the results of
extended analyses (Table 2) are of great significance in under-
standing the overall effects of the combined construction of
dams and other industrial plants involving thermal waste dis-
charges. A careful review of the data in Figure 2 which com-
pares the values computed for the A (annual average) and B

(computed extremes) terms yields the following observations:

1. The annual mean temperature computed for Rock Island-Rocky
Reach for the period 1934 to present shows a slight increase
of about 0.2 to 0.4 °C. This is about one-half of a stan-
dard deviation for the period studied. The annual mean
computed for Bonneville during the period 1939 to present
shows a lesser overall effect; however, it reflects a defi-

nite upturn for the period 1960 to present after the peak

2.6
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of 1958. The relationship between the computed means for
the two data sets shows a significant departure for the
period 1944-1948 and, again, 1950 to present. The combina-
tion of AEC operations and the Snake River in adding heat

to the river in this reach is apparant.

The computed upper and lower extremes with the exception
of 1948, the flood year, show a close relationship and
consistently rise and fall together. The two groups of
data tend to separate in the case of the upper extreme by
values about equal to the separation of the means, while
the upper extreme of Rock Island continues a steady decrease.
During the recent period of 1960 to present both the upper
and lower extremes show a sharp tendency to converge on
the mean. Again, it is plain that a strong influence has
affected the historic trend and sharply reduced the depar-
ture from the mean. This timing coincides with the period

of greatest dam building activity on the upper Columbia.

To more fully understand the fine structure involved in these

differences, additional runs were made in order to add the

\
effects of intermediate projects. Figure 3 illustrates the

computed parameters for six projects for which data are avail-

able since 1961. Inspection of these data yield further obser-

vations:

1.

The values for the means and the extremes fall into distinct
groups--those above the Hanford Project and those below it.
Further, the mean values for Ice Harbor are essentially
equal to the McNary values and could account for much of

the difference between the upper and lower sets as related
to the flow from the Snake River.

The values of the means for the period 1960 to present
show no significant trend or departure from the group

response to individual yearly weather patterns.

at
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3. The upper and lower extremes for both project sets show a
common convergence toward the mean. This is more pronounced
for the upstream locations than those downstream indicating
that a nonweather related influence is overriding the

average convergence to a slight extent.

4. The upper and lower computed extremes for the Snake River
are significantly higher and lower than the same Columbia
River values and similar to the historic values for Bonne-

ville before the erection of Grand Coulee Dam.

5. The data for the projects upriver from Hanford have closely
related values with a tendency for a slight reduction in
values of the extremes. On the other hand, the McNary and
Bonneville data groups show effects peculiar to a cooling
trend with the Bonneville Project showing significant lower

values for both the annual mean and the lower extremes.

Since these two data groupings would tend to create the impres-
sion that the erection of the Columbia River dams have had little
or no effect on the water temperature, review of Reference 4

is necessary to visualize the trends. Reference 4 indicates:

1. A sharp and permanent change in the timing of the peak
temperature at Rock Island commencing with the filling of
Lake Roosevelt in 1941-1942. The permanent change amounts
to about 30 days, the average transport time for the mean
annual flow through Lake Roosevelt.

2. This sharp and permanent shift is also observed at Bonne-
ville Dam although to a lesser extent. The two projects
reveal surprisingly similar shifts in response to anhnual
weather cycles. While the Rock Island peak has stabilized
at about September 20, the Bonneville peak has continued
to occur later and later as longer and longer flow times
result from the addition of upstream projects. The close
relationship of McNary and Bonneville indicate little or

no cooling takes place in the reach between these projects.

2.10
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3. The values for the Priest Rapids Project closely resemble
peak temperature patterns for Rock Island. The data dif-
ferences of about 7 to 10 days appear to be related to the
travel time through Wanapum and Priest Rapids reservoirs

in about the same manner as Grand Coulee.

4., All projects have strong indications of responding in uni-
son to regional weather influences. For example, all pro-
jects show early peak arrivals oh high temperature years.
Clearly, influences beyond the scope of man's activity
affect all water temperatures to a surprisingly similar

extent.

The only major industrial factor influencing the analysis
is the Hanford complex, whose effect upon the system can be
modeled in terms of the net difference between existing tempera-
ture records at an upstream and a downstream location. Ref-
erence is made to two points, one above and the other below
the Hanford Complex, and total addition of natural as well as
man-made energy is compared. Once again employing the LEARN-
LIKELY computer routine (MISFIT) discussed previously, a means
of obtaining an unbiased least squares fit to water temperature

on an annual basis can be determined.

Between the two points of Priest Rapids and Richland there
occurs a singular deviation which is associated with the opera-
tion of the Hanford reactors. As mentioned before, the average
temperature computed by the program is the first term of the
mathematical model T = A + B sin (0.0172d + C). Summarizing,
we are able to calculate the information in Table 3 from unclas-
sified and published river data.

The 19,300 MW from 1966 (see Table 3) was used to esti-
mate the perturbation of the system between Priest Rapids and
Richland as a combination of AEC operations and natural weather
conditions. Therefore, using the relationship (energy = const
AT x Q) the total energy added to a system between the two points

is determined as a function of flow and temperature.
2.11
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TABLE 3. Computed Energy Trends for the Reach Between
Priest Rapids and Richland (1965-1969)

Year Richland A Priest R. A Diff. Mean Flow Equiv. MW
1965 12.12 °C 10.64 °C 1.48 °C 129,000 23,000
1966 12.04 °C 10.65 °C 1.39 °C 115,000 19,300
1967 12.63 °C 11.31 °C 1.32 °C 131,000 20,800
1968 11.70 °C 10.56 °C 1.10 °C 118,500 15,700
1969 11.24 °C 10.63 °C 0.61 °C 134,000 9,680

As a result of the modified hydrology originating with
daily flow regulation, this temperature differential in the reach
has in the past, before 1968, exceeded the maximum allowable
temperature increase recently adopted by the Washington State
temperature standards. In these cases the total perturbation
of 19,300 MW was reduced to conform to the Washington State

standards using the formula

_ 33.95 .
At = 7gg7 in °C

where At = allowable increase
T = final downstream temperature.

The allowable increase will range between 1.15 and 3.60 °C
in the river temperature between 0 and 20 °C. Both of these
constraints have been represented graphically in Figure 4. As
indicated in Figure 4, the allowable system increase is a func-
tion of both flow and Priest Rapids temperatures.

The resulting thermal increments were then routed down the

(1)

By superposition, the remaining increment at the dam was deter-

river to Bonneville Dam using the COL HEAT simulation model.

mined and plotted on a day by day basis. The remaining incre-
ment averaged about 0.2 to 0.3 °C, about 20 to 30% of the energy

increment added to the simulation in the Hanford Reach, Figure 5.

In a recent study of specific thermal effects of the Hanford
plant, which determined the residual fraction of thermal modifi-
cation remaining from an entire year's operation of the Hanford

(5)

plant at the Washington-Oregon border, a similar set of values
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was determined. From the report, Reference 5, p. 4:

"River temperature modifications introduced by natural
environmental effects and operation of reactors at
1969 power levels would be approximately 65% dis-
sipated at the Washington-Oregon border. The extent
of this dissipation is nearly independent of Priest
Rapids water temperature and weather conditions affect-
ing the Columbia River between Priest Rapids Dam and
the Washington-Oregon border. The numerical values

of the remaining increment ranged from essentially
zero to a momentary high of 0.5 °C, the average being
0.20 °C for the April through October period used

in the study.

"On the basis of the transects taken in the summer
and fall of 1969 and using water temperature as a
tracer, the McNary reservoir at the Washington-
Oregon border is sufficiently well mixed that a
single point monitoring station could be appropri-
ately located for the purpose of thermal audit-

ing at that point. Such stratification as exists
is very weak, and the isotherms appear to be more
subject to modification by flow conditions of the
Snake and the Columbia than by heat transfer across
the water surface in the reservoir. The study sug-
gests that,on the basis of the samples collected
and previous transects made before 1962 (Soldat et
al., unpublished), it appears that the day-to-day
peaking operations of Ice Harbor Dam in relation
to Columbia River peaking operations may bear as
important a relationship in creating patches of
warmer and cooler water within the reservoir flow
system as residual Hanford effects. Additional
study is needed to verify this conclusively."

PRINCIPAL OBSERVATIONS BASED ON DATA COLLECTED IN THE PROGRAM

On the basis of the information detailed in the discussion
and other related studies reported in Section VI, "References
and Bibliography," the following principal observations regard-
ing the temperature regime of the Columbia River and its rela-

tionship to operations of the Hanford facility appear appropriate:

1. The erection of hydraulic power dams and reservoirs on the

Columbia River has had significant effects on the timing

2.15
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and extent of annual temperature cycles of the Columbia
River. Where annual peak temperatures in the natural,
undevelopéd river once occurred in mid-August, the construc-
tion of reservoirs has altered the timing about in propor-
tion to the increased travel time through the river system.
The persistence of this effect verifies earlier predictions
of the effect.(6) Reference 6 summarizes the Columbia River
cooling program carried out for AEC between 1958 and 1965.
The moving of a relatively identical annual cycle laterally
on the time scale creates the appearance of warmer water in
later fall months and leads to the conclusion by relatively :
uninformed observers that dam construcion is heating the

river system on a general basis. In actuality the reservoir .
tends to slightly cool the river in more cases than not, and

the net effect is the time displacement of a relatively iden-

tical thermodynamic history. This is especially true for

reservoirs with large ratios of capacity-to-mean flow.

Unstratified reservoirs of large capacity such as John Day

tend to slightly warm the river in summer due to the increase «
in travel time and the approach to equilibrium between the

river and weather conditions.

The erection of hydraulic power dams and reservoirs on the
Columbia River has had only a minimal effect on the annual
mean temperature of the entire system. This effect is less
than 1 °C over the 34 year period from 1936-1970. The extent
of this change could easily be attributed to long-term weather
changes due to causes beyond the scope of this study.

The temperature history of the Columbia River since 1936
suggests that temperatures are related to river management
practices to a large extent and that optimization of the
total resource must of necessity include consideration of
the integrated temperature effects of water storage and
management practices. This is especially true of proposed

plans to treat the entire main stem as a moving storage
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reservoir for the optimization of power production. Such
plans when related to other competitive recreational and
industrial uses of the river appear to require additional

study to determine related water quality modifications.

The reach between Priest Rapids and Richland, the last

free flowing portion of the river, responds rapidly to
changes in weather and thermal modification from industrial
effluents as compared to impounded reaches. Conductive
heat transfer rates are higher and evaporation rates are
lower than in impounded areas. Summertime temperature
increases during periods of reactor shutdown are quite
high, ranging from 0.5 to as high a 0.75 °C in August and
early September. A cooling effect of similar magnitude
occurs in the winter months. The mean annual temperature
differential for the reach has decreased with reactor shut-
downs indicating that the thermal modification of the river
on a mean annual basis was directly related to the opera-
tion of nuclear facilities. This point and the numerically
correlated values reported in this section represent '
important information to the supporting studies of ecologi-
cal modification carried out through the period 1964 to

present.

River temperatures between the Hanford plant and the con-
fluence of the Snake River decrease toward an equilibrium
value. Studies of the thermal dissipation of reactor
effluent indicate that a majority of the heat is dissipated
to the atmosphere before the confluence of the Snake and
the Columbia. At the Oregon-Washington border, a fraction
ranging from 40% to as low as 5% and averaging 35% remains
to be dissipated. On this basis, and assuming the entire
thermal modification of the reach between Priest Rapids and
Richland to be of industrial origin, it can be stated that
the residual effect of the Hanford reach in raising river

temperatures below McNary dam in the 1965-69 period was

2.17
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about equal to the effect of the Snake River. Numerically,
the annual mean differential at the confluence of the Snake
and Columbia is approximately 0.40 °C, ranging from 0.10 ’
to 0.60 °C. Considering the relative flow ratio of 2.0

between the two streams, the mean modification of the

Columbia by the Snake would then be about 0.20 °C or about

the same order of magnitude as the highest differential

attributed to the effect of the Hanford reach carried down

to the Washington-Oregon border, as reported in BNWL-1345.(5)

On this basis, averaged over long time periods, the annual

thermal contribution of the Snake to the Columbia is on -
the order of 4,000 thermal megawatts. This rate of thermal
input is about doubled in the August to September period
when the average temperature of the Snake is 2.0 to 2.5 °C
higher than the Columbia. This situation is expected to
materially worsen after Mica Dam is complete since the
differential between the Columbia and the Snake after 1975
during August and September is expected to exceed 4.0 °C

in 9 years out of 10 (Ref. Bib., p. 6.7, March 1, 1969). .

Columbia River mean annual temperatures continue to rise
slightly at all points upstream of the Columbia Gorge.
Passage through the Columbia Gorge modifies the water sur-
face to a more natural condition, and heat transfer rates
increase due to increased turbulence thus providing greater
cooling. From the Bonneville pool to Warrendale (a distance
of 10 miles), a substantial difference in annual average
temperature is noted based on provisional records of the
Bonneville temperatures. It is concluded that the sensor
position at Bonneville does not accurately indicate the

bulk river temperature since there is no theoretical basis
for the extent of temperature differential between Bonne-
ville and Warrendale. This observation is of prime signifi-
cance in judging the validity of trends which approach

the accuracy limits of the data. It is a conclusion of -
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this study that existing temperature records for Bonne-
ville are not of scientific value in judging temperature
conditions on the Columbia River at that point. However,
Bonneville temperatures are useful as a basis for observing
day-to-day trends for simulation and superposition experi-
ments. Using the existing record, it was determined that
the residual thermal differential at Warrendale from the
maximum allowable input of thermal energy in the Priest
Rapids-Richland reach under existing Washington State stan-
dards would be less than 0.20 °C during critical summer
months and less than 0.35 °C during winter months. These
numerical values indicate that thermal modification in the
Priest Rapids-Richland reach is about 80% dissipated at
Warrendale, Mile 140, about 200 miles below the Richland
sensor. This compares with 65% dissipation at the Wash-

ington-Oregon border.

Detailed measurements in the Hanford plant effluent mixing
zone are described in Appendix C. These reveal that,
during the period when all reactors were operating at the
Hanford site, the dispersion patterns were such that in
the immediate plant area, significant stream cross-section
areas of cooler water were available as migration routes
for fish. The Ringold area provides a complete mixing
zone for full dispersion of materials above that point and
represents a location of maximum average stream temperatures
related to the operation of reactors. Cross-section temp-
erature measurements made below Ringold during periods of
reactor shutdown reveal consistently higher shoreline
temperatures than the essentially uniform midstream or
thalweg conditions. A temperature rise of from 0.50 to
0.75 °C occurs from natural heating in the Hanford reach
during August and September which is high compared to
impounded reaches. This is the equivalent of 4000 to

6000 thermal megawatts of energy for flows ranging from
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80,000 to 150,000 fts/sec. The cooling of the river in the
Hanford reach is also relatively high compared to the
impounded éreas. Generally, studies of heat dissipation on
the Columbia for thermal effluent and thermal modifications
from dam manipulation consistently show that temperature
gradients are more conservative in the winter than the summer
under average weather conditions. That is, a thermal modi-
fication will persist longer in winter than in the summer.
This is also shown in the computer simulation of 19,300 ther-
mal megawatts of energy for the Hanford reach in Figure 5

of this discussion.

One of the most significant results of the thermal studies pro-
gram at Pacific Northwest Laboratory has been the certification
of the need for standards of accuracy for stream temperature
measurements. Even within a state-of-the-art program, variations
in standards exist for reasons of expediency and practicality.

It is suggested that the art of stream temperature management
will come of age only when an accepted standard of accuracy

and sampling frequency is established for all serious research-
ers, river users and enforcement personnel to have a common

basis in discussion of thermal modification of water quality.
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SUMMARIES OF DAILY AVERAGE TEMPERATURE

The following tabulations are the daily averages from
digitized thermograph records or hourly observations in year,
month, day order from Northport (International Border), River
Mile 734.1 to River Mile 208.0 below John Day Dam. Included are
multiyear averages at Priest Rapids and Grand Coulee on the
Columbia River and Ice Harbor on the Snake River.

The daily averages of the maximum and minimum hourly tem-
perature in degrees centigrade observed each day for a period
of 20 years, 1947 through 1967 are shown in Tables 4 and
Table 5. Temperatures measured at Rock Island, about 56 miles

above Priest Rapids, were used for the years prior to 1960.

These data have been adjusted to account for sensor posi-
tion error and instrument readout error. They represent the
best estimate of the actual mean water temperature for the
stated period as was technically feasible for the time period
involved.

INSTRUMENTATION ACCURACY

Sensor and Instrument Error Estimates

Northport Foxboro thermograph located on bridge

£0.75 °C pier of Highway 25, and serviced under a
Battelle-Northwest/AEC contract. The instru-
ment is affected by ore trucks using the
bridge and by water level fluctuations from
dam regulation both above and below the
instrument site. Usable accuracy is maintained
by comparison to a weekly check made with a
certified thermometer and a daily measurement
made by United States Geological Survey (USGS).



Grand Coulee

+0.35

Priest Rapids

+0.20

Richland
+0.30

Pasco
+0.30

Umatilla
+0.20

Biggs-John Day

+0.25

°C

°C

°C

°C

°C

°C

BNWL-1345

Foxboro thermograph located on a bridge pier

~ where the highway crosses the river below the

dam. Accuracy maintained by periodic checks
with an Atkins thermometer.

Leeds and Northrup thermograph and river stage
recorder at the USGS gage site below Priest
Rapids dam. Historically the most reliable
instrument in our reporting network with 0.20 °C
error margin from both river sensor and recorder.
Serviced and checked by AEC contractor and

Grant County PUD. Periodic boat surveys made.

Foxboro thermograph at River Mile 338.0. Accuracy
of instrument maintained by periodic checks with
Atkins thermometer. Upstream islands deter uni-

form mixing. Monthly boat surveys made.

Foxboro thermograph (prior to 1969) accuracy
maintained by periodic calibration in '
Battelle-Northwest Instrument Shop. (Readings
in 1969 not reliable.)

Foxboro thermograph accuracy maintained by
weekly check with certified Atkins thermometer
and shop calibration when needed.

Foxboro thermograph checked periodically with
Atkins thermometer.

* The Atkins RTD thermometer has a certified accuracy of +0.01°C

with a precision of *0.005°C when tested in a stirred calibration
facility.
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1966 JANUARY
1 #e00
2 8e10
3 He20
4 8+00
5 7.70
6 7.60
7 7450
8 7.“0
9 7430

10 7.20
11 7.10
12 690
13 6480
1 680
by 15 6.60
w
16 6440
17 640
18 620
19 600
20 6400
21 600
22 5480
23 5.80
Zg He60
25 550
26 5440
27 530
28 530
29 5.10
30 5,00
31 4.90

FERRUARY

4480
4.70
460
4450
4,40

Golty
4e30
40
4.10
3,80

3.50
2.30
3.50
2,30
3.20

3¢30
3010
2,00
3.00
5004

2.8¢
780
290
3,090
3400

2.0¢0
3.10
5-00

MARCH

3.10
3.10
3.10
3.00
3.00

3.00
2.90
2.90
2490
3.00

3.00
3.00
3.00
3.10
3.10

3.10
320
3.20
3.30
3.30

3.30
3.40
3450
3.50
3.60

3.70
3'90
4.00
4.10
4.10
4.20

DAILY AVERAGE TEMPERATURE COLUMBIA RIVER
GRAND COULEE» DEGREES CE:.TIGRADE

APRIL MAY JuNE JuLY AUGUST
4,20 7.60 10,40 12,60 14490
4.40 7.70 10,40 1e.70 15,00
4460 7.80 10,40 12.80 15410
ben0 7.90 10,40 12,90 15.20
4,70 8,00 10,45 12.95 15.45
4,80 8,20 10,60 12,90 15.80
4.p0 8.20 10.80 13,00 16.10
5.00 2440 10.90 13.10 16425
5400 8.40 11,15 13,20 15.70
5.00 B.40 11.30 13,30 15.90
5.20 8.70 11.30 13.30 15.90
5.20 9.00 11.30 13,60 1610
530 890 11.30 14,00 16.10
5470 3.30 11.20 14,00 16430
5460 9,50 11,10 14,00 15.90
5.60 ' 9060 11.05 1’4-10 15040
Se60 9.60 11,10 14,30 15.40
570 9.90 10,80 14,60 15.50
6430 10.10 10,90 14,45 15.80
60 10.30 11,10 14,40 15.80
6.50 10.20 11,30 14,65 15.80
640 10,20 11,50 14.90 15.80
6450 1040 11,60 14,95 15470
6.70 10.60 11,70 14,90 15.70
6.80 10.70 11,75 14,70 15.75
6ef0 10.80 11.80 14,90 1580
6.70 10.50 11,90 15,20 15.70
7.30 10.40 12,00 15,30 15.70
7460 10,60 12.10 15,30 15.75
7.60 10.60 12,30 15,20 15.80

10.60 14,80 15.90

SEPTEMBER

15.90
16.00
16010
16.20
16,30

16.29
16430
lbosﬁ
16.30
16.30

16.30
16.40
16.40
16.5y
16.50

16.60
16.5¢
16.50
16.50
16.50

16450
16.50
16.50
16.50
16.60

16+60
16.50
16.60
16.60
16.60

OCTOBER

16.50
16.50
16.70
16.70
16.70

16.80
16.70
16.70
16.80
16,90

16.90
16+80
16.80
16.80
16.80

16+80
16480
16.70
16.60
16.60

16.49
16!30
16.10
16.10
16.00

15.90
15,90
15.9n
15.80
15.75
15.60

~OVEMBER DECENREP

1550
15+ 30
1530
15410
14.90

1470
1460
14450
14440
14.20

14.10
1390
1370
13.70
13.00

13.40
13.20
13.20
1310
12+90

12+80
12+70
12450
12.40
1230

12+10
12.00
11.90
11.60
1130

11.20
11.40
11.30
11,20
11.20

10.90
10.80
10.50
10.60
10.50

10.30
10.30
10.10
9.90
9.9n

2.90
9.70
9.50
.40
9.30

9'10
9.00
8.90
5.810
8.60

£.50
8450
8.50
B.60
8.40
8.30



09°9 01+971 08°91 0h°*GT oheTT 0€*h 0L*S 1€
0,°9 OheTT Lge9t 08°871 06°91 0G°ST 08°¢CT 0g°TT 08°9 02°*h 08°S o¢
Go*¢L 08eTT 02e9r1 NL*8T N6*9T 00°GT 08°¢ 00°IT 0d4°*9 02°*h 08°S 62
0e L 0G-TT 02491 0681 09°91 0R°GT 05°¢T 08°0T 0L°*9 0T*h 0p°*€ 08°S 82
0¢* L 0C 1T 06°9T 06°LT 0L°9T 09°GT ogc*er 0h°0T oh*9 00°h 0p* ¢ 071°9 L2
09° L 08eTT 06°9T 06°LT 0h*9T 0e°GT 02°¢€T 0g*0tT 0€°*9 00°*h 06°¢€ 02°9 92
0L*L 07271 L6*ST n0°81 Gh*9T 0n°GT 06°21 0L*6 oh*yg 00°'h 0g*h 0£°9 g2
8L 0121 06°91 06°LT 0h*9T 0G°*ST 08°271 0h*6 00°9 06°¢ 0p°*h 09°9 he
62°8 0ge2T 06°9T1 06°LT Che91 01°ST oLet 0g°*o fo°*g 06°¢ 01*% 099 c2
0og*® 09+27 09,1 08°*LT 0L*9T1 0" N1 05°2T1 0r°6 06°5 00°h 01t 0d°*9 22
ug*g 0L+21 g LT 0LLT 0G6°9T 0p° T oh°2t 00°6 0o*s 00°Hh gt 0y*9 12
Ug*8 0ge2T e L1 0L°LT 0g°971 0 hT 0h°*21 06°% 01°9 06°¢ 0g*h 05°9 02
ue*s 02+¢T ETRc | nge.s1 0h*9T og*hl 02°271 0L°b 02°9 08°¢ O0g*h 0L*9 aT
u6°y 0ge¢T Ug*91 08°LT 06°9T7 09°HhT 0t1°21 09°® 02*9 08°¢ Oh*th 0,9 at
0d*H Ohe€T Uh*31 09°.L1 0h*LT 0,°FT 01°21 oL*® 0L*S 06°¢ Oh*h 05°9 LT
G0*6 09°+¢1 UTe8T 05 LT 0h*LT 09°*hT oo*2rt 0h*8 0d°*g 08°¢ Ohth 0o*Q 91
oh*e 0oty VR ) § One LY 0geLT 06°hl 08°TT 00°*8 0x°*S 08°*¢ 09*h ou*L T
066 0241 06 LT 0geLT 00°LT og*nT oL*1T 01°8 02°*s 08°¢ 09°*h 0T, n1
GG*6 0g+hT 0gegr Oh* LT 00°LT 0z°*ht 0L°TT 00°¥® 0£°S 08°¢ 0L*n 02°L eT
uL*e 69ehT Le*sT 0¢* LT 0,L°91 01°*%T 0L°TT 06°¢L 0e*g 09°¢ O0g*h 02 L 21
u9*6 UBehT un*8T 0ge LT 0L°9T1 0g°nT 0h°TT 06°L 00°S 0Le¢ O0g*h 0g°L 1T
066 06ehT 0ge8T OheLT 06971 06°€T 0G°TT 0L*L 00°S 0L*¢ N1°S OheL ot
uT*0T 08ehT LE*9T NG LY 0G°*GT 06°€T 0L°TT 0S8°L 0Y*h 0s°g ¢S 0G*L 6

UT°01 G8ehT Uh*8T 02°LT 0h°*ST 06°FT 08°TT1 0€°L 09°h 08°¢ 02°*S nLeL 3]

0G°0T1 0941 UhevT 0697 0G°*G1 00°¢T 06°TY 01°L niL*h 0g°¢g 02°*% 0L L /

J1*0T 06ehT 0L°0T 0L°91 09¢0T1 09°¢FT 06°TT 02°L 0lL*h 08°¢ 0¢*G 0L°L 9

gceor 09°+GT UG 9T 06971 06°97 09°¢T 08°TT [I-AFA 0lL*n 06°¢ 0h°S 06°L G

0g°TT 0G+GT 0G6°*371 0L°9T7 nge9r 0G°¢T 06°TT og*L 044 08°*¢ 0G5S 00°R h

U607 0heGT 0681 n9°* 97 nz2+9rl 0.°CT 06°TT oh*yL 09°h 08°¢ 0g*S 0T*¢ ¢

Ug'TT OheGT 09°9T1 ng*g9t 0L°ST 00°¢CT 06°T1T 00°¢z oh*h 08°¢ 0G*G 00°% 2

GT*TT U6GT J9gT nL*91 0L°GT 0.°F1 0G°T1 06°9 0*h 06°¢ QL' neew T

o3ur3H30  MITRIAOM HI[OLIO 438431435 15N9NY Faial N AV AT v HOHYW AdvndE3 4 AdYNYR Lghl

3QvH9IM3D $338930 «33TINOD Tivi
H3IATH JIdWNTCD YNLVHIdWIL 39vy3ny ATIva

3.10



01°*6
ul®6
01°6
ag*o
4s*6

0L*6
ug*6
06°6
te*e
06°6

00°071
0e* 01
02°071
0h*01
09°071

438W3330

0L+01
06°01
Do-T1
0TeT1
0geT1T

OheTT
heTT
0G-T1
OL+T1
C1*21

0pe21
[Ur AR
0¢e21
Ohe21
06271

0ce21
08+21
0g-21
0oe€T
(Ui

OneCl
0G-¢1
09-¢1
0Le€1
06°¢1

0191
07481
0Cehl
Uhetl
0GehT

Hd3p3INA0N

09*hT
0L*hn1
08 hT
0p°aT
te*st
0g*SsT

Uh*GT
UG*GT
0G*ST1
0947
0L°ST

LL*ST
tg*ST
0g*S1
06°GT
U191

0zg*91
g ot
O0h*91
16°91
09°971

09°91
0r°97
089971
06°91
tge9r

le*91
08971
0691
0g° 97
36°971

H3H0120

0oLt
0oLt
06°91
06°91
01°L1

06°91
06°97
06*91
08°91
06°97

08°971
0g°91
08+ 91
0897
06°9T1

N6*91
ng*91
08+91
06°9T1
0g*91

0691
0g°97
6L°91
09°97
09°91

0g°01
06°*91
05°91
0,°91
0T

438WILd3S

00°L1
0L°97
08°97
06°9T
0T*LT
0T°LT

08°9T1
0L*9T
08°9T1
06°91
0121

0191
06°ST
0h*oT
0691
0h*91

0H°*97
06°*S1
06°G1
0h°GT
06°51

0h*9T
ngeot
01°91
02971
00°91

0h°*9T
04°971
0s°91
0h°o1
0g* 91

1snony

3QVY9I1M13D S334930

01°91
0G°*G1
0¢°qT1
0p°*°1
0Q°G1
32°'S1

02°ST1
01°GT
0¢°S1
0g*ST
09°S1

04°GT
04°S1
08°ST
0g*G1
0n°*G1

00°GT
0g'hT
0p*hT
0g**1
0g*h1

og°*hT
09°HhT
0,41
og*h1
08*HT

02°hHY
oT*%1
0p°ht
06°€T
0g°el

rone

0G8°¢T
0h°¢T
01°¢rT
08°*21
06°c1

00°€T
01°¢T
08°21
09*et
09°21

06°21
0n'21
og*ert
00°*el
00°21

0o°et
0o*et
ot1°et
01°21
0e*21

og*lt
og*ert
0h*et
0h°2T1
0z°ert

0r°*21
06°T1
06°171
oo*er
0611

INnpe

0811
0L°*T1
09°TT1
09°11
0og° 171
00°T1T

06°0T
09°01
oh*C1
02°01
00°0T

0T°01
06°6
08°o
096
gg*6

016
016
oL*8
06°*Y
Oh*e

0c*y
0Ty
0o°s
0LL
0L L

0L*L
0Lt
06°¢L
06°*¢L
0s*¢L

AVin

¢337IN03 Qe

0L*L
09°*L
on*L
02*L
00°L

00°¢
06°9
00°*L
049
0L°*9

09°9
04°9
on*9
09
0T1°*9

0T*9
00°*9
0L°S
09°*S
0L*S

0¢°*S
03°S
oL*s
09°S
05°S

dx*S
0¢*§
01°S
06°h
0o°*h

AT 8dv

H3IATY VIGWNT0D IUNLva3du3 Ll Jovy3av A1Iva

084
09*+h
06°*h
Oh*h
0g*h
(FAR)]

0l*h
0T*h
0T*h
06°¢
06°¢

08°¢
0Lc¢e
09*¢
06°*¢
Oheg

gh*g
og*¢
or*e
0o°*¢
062

06°¢
08°¢e
08°*e
03°¢e
08°*2

082
08°2
09°2
0L*e
0L*e

HOHYi

0L*e
ug*e
0g+?
0g*d

09°
ng*
0g*
0g°
0g*

[SVRAVIRAUR oY

sV

N4y
ug*
0L*
0r°2
0g*¢

NN

g2
0L°¢
0L2
Up°%
e

06°2
nge¢
g€
Og*¢
0zg*¢

g ¢
g ¢
gg*t
TR
ng*e

Adyny934

Oheg
0T*h
oL
09°*h
[1):AR]
06G*S

0S6°S
06°G
08*s
oh*G
0h°*S

049G
oy*S
08°S
08*g
nNG* S

06°*G
01°*9
0€°9
0c*a
0g*s

0t1°*9
0L°S
099
09°*9
0G°*9

0£°9
01+
01°9
Q@.Iu
0H°9

AQYNNVE

€
ng
67
8
Lz
972

Ge
he
ce

S ANMTNH DD O

961

3.11



06°9 0G 11 0L*9T 09°GT 06°0T1 00°S 06° 1€
0T*L 0601 09471 09°LT 0897 0n°GT o0h*hy 08071 oh*L 084 06 11
ugeL 0011 08°*t1 09 L1 g LT 0z*a1 og*ht 06°0T1 0S°L 0G°h 06 62
012 0TTT voeart 09°*L7 01*L1 0¢g*61 0h*h1 08°01 . 0z°*L 0g°*h ng* 00°1 82
0t1°L 0geTT1 ge-srt 09+ L1 0L°91 0g°ST 06 h1 0L°01 0T°L 0G*h 0g* DARA L2
0g* L OheTT Uh*ST ngeL1 06°91 0L° 4T 05°h1 09°0T1 06°9 0L°¢ ug* 0c*1 oz
0G8°¢ 0911 0G°GT1 0G°LT 0G°9T Oh*H1 0G°HT 0S°01 08°9 oh*e On* 0ge1 G2
U9 L 0L°TT 09971 0G* LT 00*97 0Gg*HT 0G°n1 06°01 0L°9 0c*¢c 04 0G*1 he
Gg* s 0027 0LeST 06 L1 00°9T 0G°hT 02°*h1 09°ut1 09°9 01°¢ Oh* 0L°1 ee
ue*L 0611 C6°GT 09°.LT1 00°91 og*hl 0L°¢T 0L°0T 05°9 g0°*¢ og* 00°e 2<
uo*® 00+21 LIIRR=] § 0G6°L7 nge*sT 0,L°hT 09°¢T 0801 0S°*93 0e*2 0¢* 0gee 12
utT R 0¢ge2T utT°9T 0G°LT 08°*ST 02°ST 08°¢T 06° 01 nn*9 0L*e 0g* 062 0e
0g*® 0ge2t 02*9r1 0G° LT 0687 01°ST 09°¢T 06°01 gh*o 0G°*2 nge 0L*¢e 61
On°*e 0¢Ce21 og*9t 09°.1 Oh*GT 00°ST 0s°¢el 0L°0T1 0€*9 oh*e ng* 0L*¢ a1
ug*g 0ge21 Oheo1 09°.7 0L°GT 00°GT 0h*CY 06° 0T 0g*9 02°2 oL 02*¢ LT
(9°*3 0611 NG*971 09 L1 09°GT 0c° %1 0T°*EY 0h°01 0c¢*9 00°2 0g* 06°¢ 91
ue*w 00-21 U9°91 og LT 09°G1 0G*h1 06°21 0c°0t1 01°9 06°T1 0g* oge¢ QT
UT*6 Nge21 08°97 og* Lt 0T°ST 0G*hY oL*ey 0t1°01 0t1°*9 oLt 09° Oo*¢ w1
G1°6 Uhe2T 08°971 02°LT 02°S1 0g°ht oL*er 09°6 01°*9 0L°T 09° 00°*h eT
0g*e6 Qo.21 ug*9Tt 0e* L1 09°61 0g°h1 0L°21 0t1°6 0i*9 0G°71 0c* 06°¢ [
0h*6 0921 U6°971 61°L7 0L°ST 09° N1 0n*et 06°4 00°9 0c*1 Og* 00°*h 1T
09°*6 0g+21 L0*LT 0T1°LT 0L°GT 00°ST on*2rt 0Ty 00°9 01°1 0g* 00°t 0t
0L*6 0g-¢1 01T°*L1 0o°Lt 02°91 00°ST oo*er 06°L 06°G 00°1 up°*t ng*h 6

06°6 0G-¢T 0Ly 00°L7 00°91 0n°ST 0o°21 0L L 08°'S 06* or°*t og*h Q

[Th 1) § 09-+¢1 gLt 06°971 08°ST 0,7 o1°er 09°L 0s°*S 08 0g* 0G*h L

0e* ot 0LeCT ue*Lt ng*9t 0G6°6GT 0" h1 0S°17Y 0heL 0:L*'s 08° 0g* 0L*n =}

te*or 06+¢1 uge Lt 00°LT 09°G1 0L°hT 0h°T11 og*L 0é*s 0w Op*? 0o h q

Uh*oT 0p*hT 0o°LT 08°G1 09°hT 0€°1T ge*L 01°S oL* neger 00°*G h

09071 ugeht 06°971 02°91 09°hT 02°11 02*L 0c*s 0L* ayed nies [o

U990t 0cenT 897 0g°*91 09° 4T 00°TT 02*L 01°s 09° tig*1t 0g*s 4

J¥°01 NhehT ng*9y 00°*91 0G*h1 06°0T o€ 0t1°s 09° ne* 00°*9 1

odgw3n30  AIAWIA0N  HIJOLIO ¥3gW3ILdIS  LSNONY e INnp AR T 4dv HOUYW A¥NgHIA ANVANYT 6961

3Qvy9IL''3d S3IE930 +33MN0I ANVHO
43ATH YIGWNnTND JdNLvHIda3I L J9VvHIAY ATIVAa

3.12



0g*s
ug*s
0L°S
0G°*s
09°G
09°S

GG
up*9
00°*3
uL*sS
ug*h

0L*S
ut* g
ug*g
0g°*9
0oL

VA2
Go*g
ug*e
0G°8
vg*g

00°6
0T°6
0g*6
U9°*6
0L°6

0L°6
08°*6
08°*'6
09°*'6
096

d43HW32330

0L+6
GL*6
066
0207
0g*01

09e0T
gae07
09e0T
0Le0T
0£0T

0L+0T
06071
00°TT
0T+TT
0211

O0geTT
06171
0L°T1
GL*TT
G021

upeer
00+271
0¢e21
0Ge21
0Ge271

O0L+21
0821
06°+21
02T
021

439K 3A0N

0geeT
teeer
ueeer
0G8°*¢1
(S Rd o §
t6°¢€1

QT *hT
Ge*h1
ur*Ht
02°*h1
Dgent

0geht
Oh*ht
0g*ht
0L hT
06°hT

0T*G6T
0geGT
OheGT
0g°*qT
Ohe*GT

0h°GT
Ug*sT
0g°*ST
02°S1
02°S1

0eg°s1
02°G1
G2°G1
0g*sr
08°S1

4340120

01*91
geor
0ge9t
0191
negeat

0291
06°ST
G6°GT
0g*st
N6°*QT

00°91
02°91
029t
Oh*9t1
Nge*91

01°91
01971
00°971
No*9t1
01°971

0191
e 91
Gg*91
h5*971
Sh*91

ogea9t
01°91
01°91
01°91
0p°*9t1

¥AAWILd3S

G191
nyeer
ne*ar
0€*971
0g*91
0L°91

ngeay
00°LT
ageLt
0e*LT
neeLt

ne*Lt
DT LT
00°LT
Np*et
08°9T1

0L°9T
05931
t9+971
09°91
0L°9T

0897
0h°97
0h°9T
nge9at
0191

nre*9t
01°91
0T1°91
G1°971
G291

1Snany

0h° T
GG*91
0¢°* 91
02°91
01°“1
0p*°t1

0.°G7
04°GT
N2*G1
N2°G1
07*ST

01°GT
G0°ST
L h1
(VA
og°*hl

0L°hT
02°hT
0g°*ht
09°+1
Og*HT

02 h1
0z2°4T
0T #HT
06°CT
09°€T1

0n°€ET
0z°¢1
00°FT
0p°€T
00°€CT

A0

og*et
og*ct
08°21
062t
00°€ET

06°eT
S0°ET
0T°¢T
062t
0L°2t

0n*ct
og*et
on*et
05°271
0Lcen

0L°21
0G*21
og*er
ot°ct
81T

06° 17
og° 17
0h°T1T1
09°11
0L°TT

03°171
oL 11
0L°T1
0L°TT
09°11

JHr

30VY91 NI S33493Q

0B8°TT
09°11
oh*1t
0E*TT
06°0T
SL*CT

0S°0T
G6°6
06°0
06°6
06°6

06°6
00°GT
09°b
0T°6
06°*®

0S8
02°w
0c*u
0T°*%
00°8

0T°%
06°L
06°L
S8°L
0L*L

0S¢
oh*L
gg*L
oc°*L
0e*L

AVi

¢HOV3IY AMOQY

00°L
069
Gd°9
0L°9
G3°9

gneg
0geg
02°6
0£°s
aneg

Gc*9
0t1°9
nes*g
0c*9
0l°*9

01°*9
s6°*9
01°9
0t*9
00°9

03°*S
04°S
06°S
08°G
09°g

Gn°*g
0€S
0T*4
00°*s
G8*

11ddy

H3ATY VIGWNTND JdnivdIdnI L J9vu3AV ATIv0

0p*t
Go*th
0y*t
ipeh

Ng*h
g
ng*h
0p°*S
(1A AN

Np°*S
9p°S
0p°*S
0g* 4
Np*h

og*h
Cg*tr
5p°G
0t1°*G
57145

0g*S
0z2°*G
0H°*Y
Ug*S
0g°*y

0g°*S
0G°S
0g*s
Gg*S
0,.°G

AGvVNAEIS

0L°S
0L°S
0L°*S
0L*S
09°G
0L*S

08°g
06°G
0g°*9
G8°*S
0E*S

00°a
0T°*9
05°9
01°9
00°9

0c*9
02+*9
0e*9
0T1°9
0g*?3

0Gg°*9
0%9°*9
SL°9
euL
0g*9

0h*9
09°L
00°8
S8 L
GL*L

Agynyvl

-0 Fn

1951

3.13



06°9
08°*9
0L°9
06°9
0t1°*2L
gL

Uhey
6G* L
SV
U6L
uo*Q

up*n
J1°3
H2'e
09
$9°9

06°9
ue*s
056
ty*e6
066

Lotor
ue*on
oo
G101
IR

01°0%
uo*or
S66
ot
Jy1°*071

aFNI930

07071
02+0T1
0ge0nT
GG+0T1
Ng+0T1

0011
UTeT1
0ge1T
0LeTT
08-11

09+11
08171
U6 TT
ng+2T
0T-271

0ge21
Che2T1
0921
0621
CT€T

[N
HEeeT
OgeeT
[N
0geeT

0Ge¢T
UGeeT
Goe€T
56°¢1
neht

RERE LI

0T*h1
ogenT
Oh*hT
i h1
£g T
Uyt

0L°hT
U9 h
Chenl
GG hT
0G*HT

EL AN 2 ¢
Lhent
tG*ht
SL*nt
a1°G1

3g°*ST
ChegT
09°G7
SL°GT
0gGST

G191
U291
uz 9yt
ugraT
LL*91

G291
LY
6o LT
ST*LT
0T LT

H3:10L00

06497
00°LT
ST°L1
0Ohe LT
Ohe L1

0G* L1
091
Oh* LT
0Lt
NreLt

2Lt
N6°91
"6°91
02+L1
(A

0r°L1
06°LT
no*9t1
0191
00°91

nyeqr
00°3T
0L*L1
08°LT
06*LT

08°*L1
LVAFA |
rg* 1
nge.1
AR |

¥3diizldls

OheLl
ogeLt
Oh*LT
Oh*LT
Oh*LT
GheLT

0G°LT
Ohe LT
0G*LT
0G6°* LT
0G*LT

09 L1
0L°LT
NG LT
oge LT
gLt

ge*Lt
nL*9t
0g*LT
00*"1
N8l

08 LT
08LT
N9* L1
0L Lt
G9°*LT

OheLT
nLeLt
09°L1
OheLT
ne*or

1SN9Ny

HIATAH

sG*ot1
0g*ot
Ge 91
0g°°t
0G6*9T1
se* 9T

0z°91
06°GT
0G°S1
ar°st
0p*hT

G2*c1
0G°GT
0¢c°*GT
0H°GT
09°ST

0g*aT
06°h1
0g° sl
0 HT
0o°+tT

0g* a1
06°*hT
0z°61
01°6G1
Is*rT

0L°%T
Op°h1
gz°*1
07°ht
01°+t1

»J,_w‘

0L°F€T
oL eT
09°¢1
0L°€ET
08°€1

00°*h1
06°¢€T
0L°¢CT
0L°€1
0G°¢T

0G°¢t
0g*ger
01°¢1
ogc°¢r
08°<T

G6*2t
0s*¢ct
09°¢t
UEREA
08°21

og*ar
0h°21
0p°et
06°11
0L°IT

0G° 11!
05°11
oh*TI
S1°T11
08°0T1

300

ALvyo1!ITO 334970
IIAWNTICY INLy 720 39ya3Av ATIVA

06°01
00°Tt
Go° 11
G6° 0T
09°0T
0S°01

0101
0o°o0t1
G6°6
G806
0,6

0L°6
08°6
08°6
09°6
Ih°e6

G9°6
0L°0
09¢%
06°o
G¢€*'6

0T°o
[IICARY
0G°*vo
G2*v
0L L

00°%
04*L
0€*c
0e*d
0€*L

A

fHOVY3IY AnJUd

SE°L
Ge*L
Su°*L
06°9
089

09°9
09°9
0S°*9
oh*9
00°9

0Ly
0L°*S
0L*S
00°*9
0d°*g

Qu*s
05°*S
0x*S
94J°6%
Do*h

Na3°h
0d*h
04°*h
014
09°*h

Oh*h
nceh
00°*n
SL*E
09°¢

a1 dy

05*¢
0g ¢
S¢°e
0g*¢
o
0h*g

oh*e
Oh*g
Oh*e
0h*g
ST AR

og*¢g
og*¢
og*¢
§G°¢
0L*¢

SL°¢
69°¢
0L°¢
00°h
09t

SL*°¢
Oh°¢
or°¢
ge*e
og*¢e

0t1°¢
geee
0t1°¢
0n°g
otr°¢

UV

U6t
96°
0p*

Mg

s

ot°
nge
t6"
tp*
?.H.ml

~

NN

o1y
nge*e
0g9°*2
5Gg* ¢
:O.N

age¢
05
6"
(g
oge

b RS R 0

ngec
Uhes
g
Ge*
Eh

One¢
ar°g
Jgre
UL
gy

S AL IS

0tegC
GL*Y
0Q°n
§9°¢
06°¢
0ge¢

0T*h
GZ*h
Ghth
0Y°*h
OL*h

&t
0c*s
016G
0¢°*S
Ge*G

0¢°*S
0heS
Oh*S
nheg
0c*S
0¢*a
Gy *G
0h°*S
059
046G

GGG
G
GL*S
0L*G
nLes

IS AN ELN

N D

-

951

3.14



0e*e 0941 0e*97v 0gc*9t 08°0G1 00°S G9°*h 123

ve*L 080T Ureht 06°971 02°91 0z°°1 0,21 ot° 1t ne*s 06°h 094 ne
02 L 064071 0841 01°L1 ngeat 0n° 9T 09°21 05171 06°L 0L°*h 8S*h 62
Gh*L 0T-TT 06 nT npeLY NG9t 0L°GT 0L'21 0G°TT 0L L 0G°h ST°¢ 0S*h 92
(9°L 02+17 0" HT N6°*97 ng+at 09°ST 0h°21 0G°T1 06°L 0€*h In°T /¢t L2
oty UheTT Lg*ht ng*Lt 09901 02°GT og*2y 0S°*T11 0d*L 0T°4 G1°¢ 2€*h Q2
G1*e 09171 0g* 41 00°*LT 09°971 09°GT oeg*2t 0T°TT oh*L 06°¢ 03°¢ 85 h G2
g9 0LeTT UG*hT noeLt Nheot 09°GT 00°27 0L°07 02°L 0g°¢ hye¢ 9L*h Hwe
us*9 0611 0g*ht ng Lt nNG*9T 0¢°ST 06°TT1 09°0T1 00°L 09°¢ [A GL*h (o4
ULy 071271 up*hl 00 LT 0891 02°c1 0L TT 09071 (1A X 05°*¢ Lo°F 93*h 22
up*6 0T*21 U6 hT Ng*9t 00°LT 0¢*CT 0L°TT 09°0T 03°9 oh*¢ 0p°¢ 01°*S§ 12
UtT*h U2l u0°*ST Ng*97 og LT 02°G1 08°TT 0€°CT 0L*9 oh*¢ ng*% €95 n2
o6 0121 up*nT 08°*97 0G*LT 02°ST 06°11 02071 009 0ge*g np*¢ L€*S 61
o6 0221 02°57 ng+*91 LANA NDe*hT 06°TT 00°0T 0oL og°¢ le*? 9G*g a1
006 02+21 ugesT 08°97 NG LT 05°ST 0021 066 0l*L 0G6°¢ Gg°*2 0L°S 11
00°*6 a1°21 0161 0g°971 ne*Lt 0g°hT 00°*2r 0€ 00*L 05°¢ 30t 95§ 97
0N0°*6 00+27 FEAR) | 0891 09°97 09° 1 06°T1 076 0L*9 09°¢ £0*¢ Q09 ST
U6 ng-21 ugesT ngegt 06°937 0g*+1 NB°11 0h*E 09°*9 oL*g £eee LT*9 hl
oo 0he27 0h*GT ngeLT 06971 01°*ht 0L°TY 0h*6 05°*9 00°*h hge¢ L0*Y Il
UtT*s 09«21 0g°61 00*LT nT*LT 0n*ht 09°T171 0€*6 03°9 oL*¢ agef G699 21
016 0921 aL°ST 00T 00°LT 01°h1 08°T1 02°c oh*9 08¢ teh 90°9 11
g5 Ne+21 U6°*GT Go°LT 08°97 on*Ht 0G°7171 02*o 0%°*9 08¢ o h ni*9 nT
Uh*o 02e¢1 Up°*9T1 Co*LT 0L°9T 06°€T 0h*TT 02°6 0ge*9 0G°*¢ 32 H gre@ 6

us9*e OheCT UT*9T1 00°*LT 0h*9T 09°%1 0e°*T1T1 0T°b 0l*9 0G°¢ gt SRR 9

0L*6 0gegT 0T1°971 0697 0h*9T1 0g°¢cT 01171 016 0o°*S oheg Lh*h hi9 L

0101 08+¢T 01°97 06°97 01°91 0G*¢1 0T°TT 0T°© 0wy 0z°¢g ¥g*th 9T*9 a

Us* 0t 06°¢1 0197 06°9T 01°91 0h°%T 03°0T 02°6 0L°S 02°¢ £G*h L2*9 q

Oh° 0T BThT UT°9T1 0L°971 01°91 00°€T 05°0T1 00°6 0L*g 02°¢ GGt he*9 t

Je*0T 0T*hT 0¢*9r1 0geat ng*9r 00°27 09°0T 05°€ 00°y 02°¢ 194 GE*9 [

05°0T1 0genl 09°97 0h*9T 0h*9T 06°271 06°01 02°*% 0%°S gz*¢ gLen hyea 2

0L°0T1 0GenT 0L*91 02°91 04°97 09°2T1 08°0T 01°*® 02*G 07°¢ 69°h hity 1

438W3330  9393IA0N  H3dOLD0 43IGW3LdIAS  L1SNoNny Ane e AV A1 udy HOYVIW Avngr3d AyvnTr 96T

AyHo T 1MID $533¥93T «+HIVIH AAJ0Y
dIATY YIAWnT™D Junlvi3daldl J9vy3ay ATIvOo

3.15



08*9
06°9
0oL
91°L
d0°L
Cg*9

CL*9
699
uL*y
06°9
veL

uh*L
ugt L
Ut L
ulL*L
uo*3

ud*ty
R, A1
L9ty
Ue*y
ue*e

Jee
ug'o
vg*e
ug 6
Uh*o

Jh*o
G9°*6
ul®o
GL*6
6*6

4473530

01071
tge0T
0601
NaeQ1
0601

02-11
0911
0811
0ne21
ugect

Ohe21
0L+21
0921
uge2l
ngeet

oR-21
06421
0821
0921
0621

0621
0necT
0T¢T
A AN
02+¢1

0G+¢1
08¢
001
0147
OhehT

A3 IO

0G*hT
Oh* 41
CLenT
6°*n1
ue*hl
O7°GT

ugeat
0G6°GT
ngegT
08°g71
U6°ST

(0°971
u2*9rt
0g*97
Uh*9T1
UG*91

99T
0291
U691
uo*LT
U6°9T

U6°91
06971
08°91
0L°91
09°971

UL 91
6°971
UT*LT
0geLT
JGLT

H3 010UV

ng*LT
00°*8T1
01°91
N9°*81
01°81

0191
ng+8t
rge8r
g8t
ne+s8r

ettt
06°L1
g LT
06°L1
09,1

OnesLt
neeLt
0t1°*LT
0g*LT
Oh* L1

09°.1
09° 41
0L L1
00*RT
nge8T

06g*81
ce*8T
06°LT
08 LT
0L°LT

HITIANILAIS

09°L1
0G° L1
09°*L1
ngeL1
0ge LT
no*L1

09°L1
0L°LT
0h*T
09°81
aLewT

09°61
0G°*RT
0G°*RT
nheert
Oh*8T

0L*LT
N9° L1
9.7
08°*LT
0187

06°LT
QLT
0G° LT
ngeLt
[C) A

08°31
N9°*91
nL*9t
0g°91
0T*LT

15N9y

00*LT
0s° QT
0,71
0g°*eT
09°91

ST

01°*91
06°GT
0q°GT
0.°GT
0h*S

0+°GT
0G°GT
0g*crt
04°GT
0z°*GT

072°CT1
02°G1
NT°*sT
O HT
0g*hT

Oh*hT
0 T
0g°hT
0g°*hT
og*hT

09°+T
00°*GT
0L°%T
0G*hT
Jg**+1

e

o0g*HT
0T°*HT
no*ht
00°n1
0L*ET

06°¢r
02°¢1
00°€T
08°21
or°et

or*¢r
0g°2t
oL*et
0g*er
on*er

og*er
0e*et
06°11
08°TT1
06°11

0221
0¢° 21
0G*er
DA |
og*er

0z2°2rt
08°171
oL°1t
06°171
0L°T1

u, Zdﬂl

AVHOT ) 63349710
HIATY vIAwnT0D FuNLlvy3daIl 39vyIAv AIVE

oheIT
02°11
00°T1
05071
0201
0T1°0T

0o0°CT
00°GT1
0T* ot
0T° 0T
0201

060
gL*o
09°'¢
050G
0g*o

06°%
06°vu
08*¢&
06°6
06°*%

00°*6
0T*v
(ALY
04y
0T°*v

016
05°L
0L
05°¢L
oneL

Adin

SHOVIY ARICH

0e*L
01°¢
ou*L
Qo°*9g
06*9

03°9
0L
099
0-*9
01°9

Qo°*gy
0c*S
0u*y
0n°*G
0d*g

No*S
065
09
06°*S
01y

0c*g
0%
Ns°*G
niey

093

0s°*5
0c*y
Ny
0U*s
No*h

I idvy

0L*h

00°h
g6

06°¢

0d°¢
08¢
06°¢
06°¢
00°h

0Tt
00*n
0l°*h
Co*h
00*h

Oo°¢
06°y¢
00°*h
0T*h
0T*n

HDUY W

'

I T

Ly
099
049
099
069

01°4
n2*L

SN2
00l
00°L

Adynis

~

LT
o1
G1
sT
.Md
kA
1T

N1

D~

—A N D

laikt

3.16



Oh*¢
G2*h
6e2*q
08°*S
SN
USR]

0d9°9
g9
ug*9
UT* L
gh*L

ug* L
ug*L
06° L
00°*y
agt

Loy

GT*w

uh*y
uh*y

Uh*y
uh*3d
L8
L8
U6y

ul*6
Lg*s
066
JG*6
U936

ELEE RN

00071
02-0T1
Ohe0T
0G-01
0G0T

0L+0T
0L-0T
0g-a1
02+071
ugeoT

Go-1T1
00°1T1
0011
0T+T71
0211

0g+T1T
UGeTT
0811
0pe«271
01+21

0gecT
0ge2T
19e2T1
0Le21
0821

00-¢T1
01e¢T
0TeCT
0T-¢1
Ohe¢T

dIGWAN0H

0L°¢T
0r*¢er
tgegr
op*h1
0Tl
UIREN ¢

0g*ht
vzent
(Al 0
Hgent
Dh*ht

GS*h1
g4t
0941
0L*n1
U6°h1

ugeht
Ugehl
06°hT1
unest
01es1

neeg1
LgeaT
4G°g1
0g*GT1
U661

0191
Gg*9at
ug*91
09°971
03°971

¥IH0120

0L*9T
0,491
08°91
0,°91
ngeqy

0h*9T1
g9t
ngeo9t
nz*aty
ne*9r

nge9t
nge9t
0G°971
ne*91
08°L1

0o*LT
01°LT
02*L1
theLT
06 LT

Ohe LT
g LT
06*LT
co*8r
0081

N6 LT
06°L1
0L
0L°L1
09°L1

¥3dW3I1d43S

ah* LT
02*L1
06°971
ng* a1
0g*31
0g=93T1

0G° 91
0L°97
09°91
09°971
0h°*9T

0191
0291
0g€°*9T1
08°91
no°LT

N6°*9T
00°LT
02°LT
02°L1
00°LT

ne* LT
0g* LT
0g* LT
og LT
og* LT

0geLt
0T°*LT
06°9T1
0c*LT
0T°LT

1SN9NYy

08271
0n*LT
0891
0g* et
0G*21
0z*°1

01*9r1
00°*°1
04°GT
0g°ST
3,°8T1

00°*S

04°GT
0¢°*GT
0T°GT
01°%1

15 R
0n*Cr1
07°ST
0n°*G1
0¢*GT

07°G1
0¢° ST
02°651
0z°c1
0n*ST

0g°h1
0g*+1
gz*h1
0g°¢T
0g°¢T

AN

02°<1
00°€T
0h°€T
0L°¢T
08¢t

Oh°ET
og*e

01°¢T
06°21
gg*ert

0L°21
0g°et
og*ar
og*at
02°21

ng*er
0¢*et
og*er
og*er
0s°<t

08°21
09*2rt
022t
0G*¢t
082t

06°2rt
0g*er
058°21
og*er
0121

m::ﬁ

3dvyor LN3ID §33¥930

00°*€1
06°1T1
0L°T1T
Oh°TT
0c* 11
00°11

0L°0T
09°01
0h°*C1
06°01
0L°0T1

0L°0T
068°0T1
0¥ 01
05°01
01°0T1

00°0t
0B*G
0Lt
06°6
06'0

0L
0Ss°6
06
0G°6
oh*o

0€*6
0T*o
Q0°*0
0Yv*yu
00°6

AWin

FHOY3IY AAI0Y

0L°g
0L°*g
0%*3
01y
06°L

0L L
0c°*L
09°L
0z°L
o1

go*9
0L°9
05°9
0y
09

0h*9
0«*9
oh*9
099
o9

0<*3
006+9
0d*g
VRS

o
Y

.
w

fon e R Jlen N e )

[o RN =T BN AW |
.

EATPRTaRTaNTs

Iddy

HIATH YIgWNT0D IUNLvEI4W3L 39va3Av A1Iva

084
0L*h
0L*h
09°h
0S4
0S°h

0S°*h
Oh°*h
02°h
02°*h
og'e

oL*¢
09°¢
09°¢
0S¢
0g*e

02°¢
0T°¢
0T*¢
0t1°*¢
0t1°¢

0t°g
01°¢
oe*¢
og ¢
0G*¢

06°¢
09°¢
09*¢
09°¢
ohg

HOHYW

02*¢
Gz*'¢
Opg*s
0g*2

GL*¢
ng*<
Jge<
Ofpe?
Unee
ngez
0z*2
()
gz*<c
0ge?

[t A4
Nge?
Ohee
Op*?
Oh*e

Ohee
ngee
nge?
YRR
g2

kS
062
00°€
ogeg
ng*z

AMYNEATA

06°2
00°x
Oh*¢
go*g
9g*h
g2*h

08°*h
06°*n
00°'S
06°*h
a6*h

06°h
06
06t
06°*h
08°*H

0G°*h
0g*h
¢t
(1104
05°*h

0G°*h
09°*h
09 h
06 h
01*S

0Oh*S
09°G
0H*'S
019
09°9

AdYANYD

1€

6
82

92

G2
n2
¢z
22
12

02
61
g1

9t

GT
LA
[

>

- NN T D

20671

3.17



01°9
Qg9
0s°*9
08°9
uo*L
01°*L

0L
uhL
ULL
UL
up*L

Ul
0T
v
g2y
V) s

(IS,

ey
ugty
gy
ety
U9°*g

ue*Y
U6°8
Ue*d
u6°*9g
ub*y

uo*e
VR )
vE*S
Lh*o
Us*e

43¥W3n34

0,6
U866
0001
0201
Ug+0T1

0he01
(he0T
09071
0g«0T1
0601

U0-TT
0211
CCeTT
0GeT1
0611

UAGLEA
uge2t
0Ge2T1
0821
0821

Noe¢T
U2eerl
GeeeT
(1QeCT
0Le¢CT

Go*nt
0T*h1
0T+h1
0241
Ohehl

d3GWIA0N

0G*hT
0a9n1
09471
GL*hT
g h1
(g*h1

00°ST
1Ngest
0g°* Gt
;n.m‘—‘
eyt

JeeqT
gyt
0gegY
Uh*GT
ugrsr

v9° Gt
U6 GT
01°91
ng+9y
OheoT

ug*at
Ug*91
499971
HL°S3T
GA*9T

UL°91
[SSARPR ¢
URe9y
un*Ll
LC LT

H3-40100

0he Ll
0ge LT
gLt
fNge Lt
OheLr

CG* LT
09 LT
09 LT
ng* L1
N9+ L1

19°L1
091
0LeL1
0L°L1
0LeLT

08*.L1
06° LT
01°81
0181
0t°8rT

06°L1
0L L1
08°LT
nLeLt
08° LT

08°LT
co*81
0091
nzear
"o*31

438WILd3FS

nLeLt
ageLt
ngeLt
0heLT
NG LT
0L*LT

0L LT
neeLt
08°L7
ngeL1
02 LT

01*L1
ngeLT
Na* LY
0L LT
06°L1

071
06°L1
nLeLt
0he Ll
ngeLt

08°L1
06°L1
n9*L1
ogeLT
0g°LT

0€*LT
0g LT
Oh*LT
08°L1
0G6°LT

1Sn9nNy

09°91
0,°91
06" 1
0p°LT
01°LT
oz°LY

0h°*LT
0G°LT
i TRFA
0T°LT
0p*LT

ne*"T
06°91
0¢*91
01°91
on°* ST

0R°*ST
06 °GT
072°971
0¢* 0T
0¢°*9T1

0¢°*9T
0g*9Y
01?1
06°GT
0.°61

0,°G7
09°G1
09°GT
09°GT
0h°GT

i

0g°'ST
00°GT
0g*nl
08°hT
O0p* 01

08°* 1
Od°*hT
01°4T
02°ST
01°ST

00°ST
09°HT
0h°*nl
02°h1
0e*hnt

oz°nt
06°¢1
01°*hT
06°¢T
0L ¢t

0L°€l
o1°€t
062l
oo*et
01T

00°¢T
08°21
0L°2t
0h*2T
0e*z21

ERGIN

FIYH9T 192D §33H93I

06°11
0L°T11
0e°T1T
oge*11
06°T1
09°1T1

08°11
00°*c{
00°<T
00*ct
08°171

09°11
oh*1l1
00°T1T
08°0T1
05°0T

0201
00°0¢
08°¢
0S*o
0¢*o

02*c
00°ov
08°*y
05°Y
Ox*u

028
01°v
01°%
0Ty
0b*L

AV

¢HOV3Id Ano0Y

A3ATY VIGWAT0D ANLIYH3GRIL 29vadaw

0L°L
0L*L
Ny L
09°L
05°L

on*L
Gu*d
0h* L
ne* L
0L

0l
02°L
00°L
00°¢
00°L

00°*¢
00°L
069
059
09°9

gh*9
09
N6°y
0s°*S
09°5

oh*g
0x<°*S
01°*s
0l*g
0u*s

T dy

ATl1va

06°h
08*#h
06*h
0Z*h
06°¢
08°*¢

06°¢
Oh*¢
oc*¢
01°¢
06°*2

ne*e
0L*2
0s°2
pc*e
061

08°7
09°1
09°1
061
06°1

Omo ﬁ..
09°1
0S°1
0S6°1
0s°'1

06°1
0S6°1
oh*1
oteY
0e*t

HOMVA

J1°1
01°1
0p°*1

neg*
JD.
og*
np*1
nyet

FAR
cg*T
ag* T
vge T
ngel

og*T
(g1
snoﬁ
[N
GT°*1T

upeT
0p*1
or°*t1
0p°1
B2 G

12 ¢
Nge*
nge
Lge

gt
g

Afungt3d

0c*
oe*
0E*
09°
06°
0T°T1

[SIIA
nget
0L°T
0ge*2
09°*2

e e
0c*¢
0g*¢
oce*¢
11

0g¢
Ohe%
09
0L°¢
0g*n

0t
Ngeh
0G*h
034
nG*h

0y *h
0Zg*h
3¢
0oLeg
0T°y¥

Adynapn

—

O ~200

—~ 30

HohT

3.18



jyol

-
cCOON UNEGN -

e
FEGUN -~

15

6T°¢

JANUARY

7.20
670
6670
6.60
6e 60

640
6.30
6020
6+10
620

6420
6.00
590
5.80
5.60

S.40
5.20
4.80
4.70
4.80

4.90
480
4.80
u.so
450

4.40
4.40
470
4470
4470
4+.60

FEBIUALY

o600
4,60
‘4060
4.60
4.b40

4450
4,40
4,50
4,60
4460

4.70
4.70
4450
4450
4,60

4450
’40“0
4el0
4080
4,80

470
4.80
4490
4480
4.80

4490
4490
4480
4,60

MARCH

4,70
4,70
4.80
4.70
4.60

4.40
4.50
4.40
4,20
4.10

4.50
4.50
4.50
4.60
4.70

4.70
u.70
u‘ao
4.70
4.80

5.00
5.00
u‘so
4,60
4,70

u'go
4.90
5.10
5.60
5'20
5.50

DAILY rVERAGE TEMPERATURE COLUMBIA RIVER
PRIEST RAPIDS»DEGREES CENTIGRADE

AP IL

6.00
6,00
6.00
6.40
6.30

6.10
6.20
6-60
6.60
7.00

7.20
7.50
7.20
7.30
7.40

7.40
7.320
7.40
7.80
7465

7.60
7.60
7.u0
7'75
750

8.40
7.60
8.00
8.20
820

MAY

8.20
8.00
8. 00
8.40
.60

8060
8.70
9.10
9.30
9.30

9,10
9.30
9.30
9.10
3.95

9.10
9.35
9.55
3.80
1030

10.60
10.50
10.30
10.50
10+40

10.60
11.00
11.45
11.50
11.90
12.25

JiE

12.40
12.40
12.20
12.10
12.20

12.10
12,30
12,10
12.10
12.10

12.20
12.40
12,60
12,90
13.10

13.20
13.10
12.90
12.90
12,90

12.90
13.10
13,50
13.70
13.75

13.80
13.60
13.50
13,55
13,60

JuiY

13,70
13.70
13,80
13,90
13,90

14,10
14,40
14,70
14,70
14.90

15.10
15,10
15.50
15,60
15,60

15.40
15,40
15,50
15.30
15,45

15,80
15.70
15,50
15,80
15.90

le.10
16.30
16,60
16,80
17.00
17.00

AUGUST

16.70
l6.70
16.60
16.40
16.20

16+50
16.90
17.00
17.20
17.10

17.30
17.40
17.10
17.00
17.30

17.20
17.30
17.40
16.90
17.00

17.40
17.70
17.90
18.10
18.00

17.60
17.30
16.80
16440
16430
16430

SEPTENMBER

le by
16.20
16.30
16.30
16.50

16.70
16.7¢
16.50
16.40
16.30

16.40
16.69
16.80
16.60
16.50

16.50
16.60
16.30
16.30
15.9¢

15.80
15.90
16.190
16.30
16.40

16.20
16.30
16.10
16.00
15.70

0CTOHER

15.61
15.60
15.30
15.20
15,30

15.30
15.20
15.20
15.20
15.10

15.20
15.20
15030
15.20
15.10

14.90
14.70
14.60
14.40
14.30

14.19
14.00
13.99
13.80
13.00

13.40
13.20
13.30
13.30
13.30
13.30

NOVEMBER

13.29
12.90
12.70
12.50
12.40

12.40
12+10
11.90
11.60
11.50

11«40
11.30
11.10
10.90
1080

1040
10-20
10.20
10.10
1010

10.00
9+90
9.70
9.80
960

9.20
890
9.20
9.00
9.00

DECEMBRER

9.190
9.20
9.10
8.90
B.80

8.70
8450
£.50
8.40
8430

7.90
7.80
7.90
7.50
7.10

6.20
Se.40
5.30
5.00
4.70

4eal0
4,20
4450
4.4
3.60

3.40
3.30
3.30
3.60
3.60
3.60



09°g
08°G
0L°*S
06°S
0L°s
0h*9

ug*9g
0G*9
08°9
ue*L
o0h°*L

Uh*L
0S°L
08 L
0o*9
0t1°3d

0e*8
0G*g
U9°8
08°8
08°8

u8*8
01°6
Lo*e
06°8
0g°8

00°6
02*6
C1°6
0ec*e
0g*6

¥34W3H30

Ohe6
09+6
0L+6
00°-0T
02+0T

09071
0L+0T
06°0T
00°TT
01T

U911
08eTT
06°1T
0611
0671

06°TT
0Te2T
0o+21
02+271
Ohe2T

0921
06421
0621
0T-¢T
02+¢T

0G+¢T
09+¢T
0L°ST
08°*€T
0L€T

4IGWIAON

08*¢eT
06°¢T
08°¢eT
06°¢T
08°¢T
06°¢T

00°*HT
UE*HT
Uh*hl
O0g*ht
OhenT

0G°* 41
0G°hT
0G* T
08°hT
06*hT

0g*sT
U6*ST
00°971
0o°*91
02°91

0Oh°*91
0L°9T7
0297
05°971
LG*97

0L°9T1
06°971
0T°*LT
06°9T1
08°+971

¥3490190

09°971
09°91
0L°97
08°91
01°LT

02 L1
02 L1
0T LY
02°L1
0teLy

0oLy
00°L7
06°971
06491
01°LT

0G°LY
06°L1
02°81
01871
00°8T

ng*LT
09°L1
0L°L1
09°L7
0h°LY

0g°LY
02°L1
02°*LY
0G6°LT
0L°*LY

Y3IHWIL43S

09°L1
0heLY
0g°*LY
09°LT
01°87
07°87

02871
0g°*81
0g°*8T
0g*87
0g*81

0281
0h°*87
Oh*8T
0L°8T
0G*6T1

01°67
08°871
08°81
0067
00°*6T

00°61
06°871
00°67
0L°87
02°87

06°L1
0L°*LT
08°L7
0£°87
02°871

1Snany

3aVY9IN3ID S33¥930¢SAIdvY 1S314d

00°81
08°LY
09°LY
0h°LT
01°LY
0,.°91

0¢°*91
00°9T
06°S1
06°G1
06°ST

02°91
0G°9T
0h°91
02°91
00°91

06°ST
0.°ST
0G6°ST
0¢°*SY
0G6°ST

0L°ST
08°ST
0.°ST
06°ST
04°G1

0¢°*GT
0¢°*ST
00°G7
061
0g*hT

AR

09°hT
09°hT
Oh*hT
og*ht
og°ht

09° 1T
0G°hT
0h°*hT
02°hy
02*hT

00°h1
0L°€T
Oh°El
01°¢t
00°€T

06°271
00°€T
00°€T
01°¢T
0T°€T

00°¢<T
08°2T
oL°2ey
06°21
062t

0h°*2T
o2*ert
01°2t1
0o*2t
08°T1

EL AT

0L*TT
0L°TT
08°TT
09°TT
0g°*TT
AR Y

00°T1T
0L°0T
09°0T
09°0T
0he0T

0€°01
0g° 0T
0h°0T
0h°0T
oh° 071

0h*0T
0h*0T
0h°0T
0c*o07
06°6

09°6
02°6
08°8
0h*®
01°9

06°L
01°*8
01°*8
0T*8
0g*s

Avi

oh*s
0g°g
0L g
0T*g
00°8

06°L
04°L
0c*L
0c*L
og*L

oYL
00°L
00°L
08°9
00°L

0o°*9
08°9
0L°9
0n*9
02°9

08°*S
0L°S
09°9
0g°*S
0€°s

0e°g
0c°S
01°*s
06°*h
06°*h

q14dy

YIATH VIGWNT0D Junlvy3dw3l 3ovy3Av ATIva

Oh*¢E
0g*e
og*¢

or°¢
01*¢
01°¢
nge*¢
0g*¢

tg°*¢
0G*¢
0g°¢
0g°*¢
0e°*c

0g°*¢
ogce¢
02°*'¢
01°¢
01°¢€

0g°*¢
nge*¢
og°¢
Oqh°*C
0ge¢

Oq°€
0g°*¢
0L°€
0g*<
0g°*n

AdVYNYa3 4

0G°*h
08°*h
08°*h
Oh*h
Ot*h
0g*h

0c*h
Oh*h
0G*h
08°h
00°S

06°*h
06°h
0g*H
0L*h
0L*h

09°¢h
091
0G*h
0G**
one

On*h
0G°*h
Oh*h
0E*h
02*th

00°*h
O0o°*¢
0tT*h
08°¢
09°¢

A¥ynnyer

~“ N TN O ™~D0

G961

3.20



6L*9
06°9
01°*L
02+,
0e*¢
0g L

09°L
8L
aLtL
[SR: A
V6L

utl*y
0T1°8
o2
utew
ve°*g

ug*g
0h*8
u9°g
G9°*9
0G*g

th*Q
Jg*g
ue*®
01°6
ta*e

uL*e
U001
LT*0T
ue*ort
ug° ot

a3dgin3in3a

Ohe0T
0S+07
0ge01
0407
0ge0T1

0G+0T
0L-0T
09+01
0L+0T
o171

0211
0T-1T
02+11
OheTT
0G*T1

0911
0611
0611
0611
0GeTT1

06°1T1
(U A
Ohe21
0L+21
0621

0Te¢€1
02°€1
0Ce¢CT
BrAd N
gg=¢1

d3H#3A0

gge¢cr
1 |
Ohegl
0G6° ¢t
0G*¢1
09°¢1

09°¢1
GhegT
deegt
r-¢et
tge21

vgegr
09°¢1
ugeet
0p*ht
Oheht

Oh*hY
ug*ht
02*ht
06°HT
Ogegt

Ugegr1
0g°*st1
Up*9r1
0G*91
09+971

UL*9T
GL*9T
U8*91
08°91
0t1°Ln

4340120

Oh*LT
0g LY
0g LT
02*L1
NgeLT

0g LT
OheLT
OLeL1
aL*Lt
Oh* LT

0G°¢L1
0541
(AFA
0G°L1
06°LT

0L*LT
08*LT
0g*LT
OheLT
BEAFA S

0LeLT
09°L1
Oh*LT
06°¢LT
09°.1

08°L1
0G* LT
0g°*LT
0147
1LY

d38W31d3S

08971
0L°91
09°91
0TeLT
0h*LT
09°L1

0281
0181
00°81
0087
08°LT

09°L7
aLeLl
06°LT
08°LT
00871

08°LT
0L°LT
0S°LT
0geLT
0e°*LT

Ohell
OheLT
09°L1
0L°LT
09°*LT

06°LT
0L*LT
09°LT
0eg LT
01°L1

15Nna9ny

3aVA9IINID S3IUHIASAIdvy 1S3Idd

06°91
06°91
06°91
0.°971
0G°9T1
0z°91

or*er
0n*eT
0¢°91
0p*oT1
06°ST

0g°SsT
00°9T1
0°ST
0G°*ST
0¢°ST

07°ST
02°S1
00°ST
00°ST
00°ST

00°GT
0e*hT
0L°hT
og*ht
0p°CT

09°¢FT1
[s] ol 90 ¢
0c*CT1
02°¢1
0h'€T

Aqnr

09°¢T
on°¢Y
on*el
02°¢T
08°'21

0g*2T
0r°et
0h°21
0s°21
08°21

06°21
00°¢T
01°eT
oT°¢T
08°21

09°21
05°21
oc*el
o2*et
o2*er

02°21
(1 A ¢
or°et
06°TT
09°11

05°11
oh°1T
og*1t
0L° 11
06° 11

3NN

06°T1
022t
pe*ct
00*ct
002t
06°171

0911
o1l
0e*11
0T°11
0211

0p8°*0T1
0h*0T
0T°0T1
06°6
09°6

09°6
0L'e
08°6
0T°0T1
01071

02°0t1
0h*0T1
0S8°0T
02° 01
og*ot

0o°0T
0L°6
09°6
0h°e
0g£°6

AVW

00°6
09°8
Oheg
0e*8
oh*g

0L°8
08°g
09°8
oh*8
01°*8

008
00°9
01°®
09+8
oh*8

0T*®
08*L
on*L
0Lt
0L*¢L

00°%
0L°L
05°¢L
02°*L
go°*9

0L*9
0h°*o
08°9
05°9
0T°9

qlady

H3ATY VIBWNT0D JunivyIdaIl JovHIAY ATIVE

08+g
09°s
0S°g
0¢°s
0e*s
00°g

06t
0L*h
09°h
0g*h
0E*h

oh*h
0G4
0G*h
0S°*4h
0L*h

09°h
0L*h
0e¢*s
Oh*h
0T*h

024
0T*h
0L*g
09°¢
08°¢

09°¢
Oh*g
0L*¢
0s*¢
09°¢

HO YUYW

0ges
0g* ¢
0g*§

0L°¢€
09°¢
0L°¢
0L°¢%
0" €

ng*t
gzt
0p*t
02*h
15 AR /]

0g*h
0zt
Ogeh
0g*h
09t

Op*th
0g*t
0g*t
Oh*th
nge*H

0g*h
0geh
0g*h
GT*h
01°%

AdvYnNyH3 4

00°h
0T*4
00*'h
06°'g
00°*h
oe*'¢

00°*h
oc*h
09 h
0S*h
0G°* 4

0L*h
ogeh
06
06°*h
0T*S

0€°S
0€*s
0t*S
02*S
02°S§

026G
09°g
0S5°*S
oh*g
0g*s§

00°S
0€*S
0¢€°S
0G6°S
0G°S

Advnnve

S M~DOOo

MmO

9961

3.21



00*9
uo*9
C1°9
0g*9
62*9
U6*S

06°G
0n°*9
U6°S
ug*s
J9°*g

01°9
ue*9
Jg*9g
029
06°9

yite
GeeL
un*L
ug* L
Jo°*8

og*g
01°9
ug*H
ug*y
UG8

ug*g
ug*s
uz*6
0o°*é
U€'o

d3dW3530

Ohee
0L+6
096
09+6
06°6

0T+0T1
09071
08+071
06071
0o-1T

06+0T1
00eTT
OheT11
0G*TT1
0LeTT

0611
0811
OLTT
0L-TT
0L-T1T

0811
0811
06+11
0611
LIAEA

0121
PLARAS
0821
00°¢T
0GecT

H3GWIA0N

L*ET
0L*¢cr
ug*reT
09°¢1
[UCRAN§
Go*hT

Lo hl
te*ht
Gheht
0L*hT
[SIRR=R¢

Up°ST
UT°*GT
0g°G1
08°*8T
09°ST1

09°G1
08°GT
00°91
0791
(16*971

06°91
J9°971
0,971
J9*971
0h°*91

L9*9T
0h°*91
0h*971
08°91
bT*LT

H3INOLIO

06°L1
0g°* 81
Ohe*BT
091
rregr

01971
01°871
01°87
0t1°8T1
nge*81

0L*Lt
OLeL1
08°L1
nzZ+81
08°LT

WAFAS
0LLT
0L*LT
g L1
01°-81

0ge81
0g°81
0681
Nhe8T
0g*8Y

0931
09°91
06871
06°871
g8t

H30N3Ld3S

09°81
0G°8T1
0L°81
00*61
00°61
00°61

06°81
08°8T1
oc*e6rl
01°61
016l

00°*61
06°*871
06°8T1
0161
0g*61

01°61
0681
06°81
09°81
0181

00°HT
00°87
09°L1
0G° LT
08°LT

0e°*LT
no*81
00°81
09°L1
0L°LT

L1snany

3AVA9IINIFD S33¥930+¢SAldvy 4S31dd

0s°LT
0L°LTY
0n*LY
0¢*LT
01°1
0og*LT

06°°T1
02°91
02°'9r1
04°9T1
0h°9T1

0¢°*9t1
02°91
02°91
02°91
01°91

07°91
0g°GT
02°ST
0h°GT
02°G1

0g°*SGT
Op*HT
0n°ST
02°GT
04°6GT

09°ST
0G°ST
0H°GT
01°aGT
0p°*hT

fJ.J_)

0L hT
09°h1
0G°h1
0¢*ht
oT1°ht

06°¢CT
09°¢T
0L ¢
oL*er
08°¢T

09°¢cT
0L°¢eT
0G°¢T
0gc°cT
01°¢T

06°21
0g*et
0g9°¢ert
0s*er
0g9°21

08°2t
02°¢t
09°'¢r
0g el
0g°2t

oL*2t
02°21
or*er
otr*et
0s8° 11

e

0g 1T
0tT°T1T
0T°*171
06°0T
080T
06°01

06°0T
oS 11
0211
00°TT
06°0T1

0L°0T
0G6°0T1
09°0T1
09Ut
0h*0T1

0e*0T1
o2<0Tv
0L*o
0h*o
026

0g°6
0S°6
09°6
066
oh°e

0L*s
0h*8
Oh*8
02°*8
08*L

AVW

0b°*L
09°*L
05°*¢L
0s*L
on°L

0L
0T°*L
00°L
0&°*9
09°9

0L°9
09°9
089
0o°*9
00°L

0c* L
00°L
0o°*9
0u°*L
0d9°*9

06°9
00°*L
08°'9
ot*9
0c*9

01°9
00°9
08°G
06°S
03°S

qA14dv

Y3IATYH YIGWNT0D 3dNivd3dw3L 39v¥3AV AT1VA

0e*s
0e*s
0€°*s
0g*s
oh°g
09+g

0€*s
02*g
0c*s
0¢*S
0T1°s

00°Ss
00°S
00°s
0B*#
08*h

0L*h
09°h
0L*h
00°s
06°h

0L*h
08°h
09°* 4
08°*h
06°*h

08°+h
06°h
08 h
08°*h
06°*h

HOYYA

06*h
ueg*h
0t1°S

01°*S
0g*h
ug*h
og*h
Jgen

ug*h
dp*=
0p°*S
026G
02°S

ueg*a
0g*s
DA
0g°*S
1g°*G

Jg*s
0G*S
Ng*G
(09°*G
0G°*S

0z°S
08°S
vg9*g
Oh*S
OneS

AHYNYE I 4

0G°*S
0h*S
09°S
nhe*s
0€*S
0€°S

0h*S
0G*S
LS
08°*G
08°S

06°S
06°G
08°S
06°G
00°*9

0c*9
00°*9
009
0T°*9g
02°9

02°*9
00°9
029
00°*9
00°*9

0g*9
05°9
06*9
09°9
oL*o

AdYNRYE

- N D

L9eT

3.22



0L*e
ugee
02*¢
OUh*h
02°*s
SR el

0L°S
06°S
06°s
Go*9
0t°*9

06°9
Ug*9
09°*9
08°9
to*eL

DT AN
vers
og*eL
Go*L
08°L

up*y
06°L
GT*3
vg*Y
06y

L8
o6
vz'6
016
26

a38nW3330

026
UG+6
0L+6
086
0L+6

0Ge6
08*6
00071
0701
0107

02+01
0geoT1
02-071
0ge0T1
0G+0T

024071
0Te11
0ce1T
Oge11
GhelT

0Ge171
0Le1T
06171
01e21
07eeT

0221
0ge21
0ge21
0ge21
06271

d3HWIAON

0Le2er
U621
0g°¢T
01°¢t
Ggegr
Ug*¢T

09°¢T
0Leex
09°er
0Ggeer
oheey

09°¢1
uge¢gr
f1geg1
ugct
ugeer

0o ht
hegent
Oh*hy
0G*H1
0L°hnT

ugeH
Go*GT
D641
UT°GT
Lh*GT

08°GY
40971
D.ﬂonw.ﬂ
06°ST
U297

¥IH0LD0

Ohe91
0h°97
02+91
02°91
02°97

01°*97
0g°SY
09°GY
N9°g71
0o°*9rt

01°*971
0g°*91
09°+971
no*Lt
IUAFA

09°L1
00°87
00°*87
0n°*81
09°81

ng*81
05°97
g 81
0g91
ng+8y

0281
0L*LY
0G°LT
09°/L1
0G°.L7

Y39431d43S

0T°*LY
06°9T1
06°97
08°*9t
0L°971
0991

09°9T1
08°*91
06°91
0h* LT
02 LY

ne* Lt
g2 LT
0E*LY
0g* LY
One LT

0G* LT
08°LT
06°LT
0181
0281

02°81
00°81
06°LT
08°L7
N6°*LI

07°87
Ot°*8T
028t
01°871
00°87

1Sno9ny

3aVH9IINT) S33H93N«SAIdvy 15314d

06°LT
0,°LT
0L°LT
0a*Ll
02°LT
06°9T1

0R°* 91
09°91
04°9T1
0z*91
0p* %1

08°ST
06°G1
0;°ST
0G6°GT
09°ST

02°ST
08°ST
0Q°GT1
0p°21
02*91

0¢°*91
0¢*91
0g2°91
00°91
09°G1

0g¢°S1
06?1
0n*hy
or°*v1
0g°**+1

Anne

06°¢T
00°*hT
02°hT
0G*hT
0h°hT

02°h1
08°€T
0L°¢€T
0h*cT
02°¢T

or°et
Oh°eY
og*er
og*er
0og*eT

01°¢T
00°¢T
0e2reT
0g°er
og*et

02°¢r
02°¢r
oh°eT
0L, o ¢
0g°eT

0h°eT
0t1°c1
00°¢ctT
00°¢T
09°271

e

01°2c1
611
06°T1T1
0L°1T1
0L*TT
08*11

oL*T11
0G° 11
09°T11
08°TI
08°17

0L*Tt
08°TT
09°171
0T°11
0T*171

08°07
06°0¢
0T"*1T1
0g° 11
02°11

09°0T
0c* 071
0c°ot
00°0T
0T°0Y

020t
gg*ot
06°6
0S8°6
056

Avvi

05°*9
03°9
oh*eL

01*¢
09°9

2*9
0S*9
0T*9

0d*g
0d*S
0L*S
0L*s
0v°S

1 idv

YIATH VIGWNT0D Jdanivyd3dw3l Jovd3av ATiva

09°§
09°§
08°g
09°S
0c*s
01°S

00°s
ge*n
06°h
08°*th
09°H

0h*h
02°h
0T*%
0T*h
0Z°h

00°h
00°h
00°*h
oe°¢
0c*h

0t*h
09°h
09°h
094
0L*h

0L*n
09° %
09*h
0n'h
0e*h

HOHVW

0g°*h
01°*h
0p*th
08¢

06°¢
Ne°¢
02°¢
ogeg
01°¢C

N6°*Z
0ge2
uyee
0gee
09°2

0g2
0,2
062
0p°<
01°¢

0e°2
96°2
n2°*¢
0h*<
0g*¢

0%
56t
0g8°¢
19*¢
ngee

SO EE]

oh*¢
Ohe*%
oge ¢
0s°¢
0T*h
09°*h

06°*h
02°S
0T°S
0T°S
0h°*S

00°S
03°* %
0t°*h
06°¢
0T°*h

((FAR
0G°*h
0tT*h
0o*¢
oE*h

0L*h
oy*h
08+t
01°G
0h*S

09°G
09°5
09°S
0L°S
00°Y

A”VORYT

- NN

2961

3.23



uc*'g
Oh*g
vg*9
ug°*9g
uo*L
vg*L

ug*L
Ot L
Oh*L
JGt L
ug* L

vyl
LGt L
bg* L
us* L
uLtL

06° L
up*?
ue*L
J0°Y
ULeL

LG L
ve*L
uo*
ut*y
VR

ue*y
Uh*yg
Jh*3
Ly
uL*y

4343530

084
069
01°6
0g¢e6
Ohe6

09+6
0846

0T+0T
Ohe0T
09+01

0L+0T
0801
GOo-T1T1
9111
Ohe11

08171
Gre21
One21
CLe21
0827

U621
06271
0627
00°€T1
02T

0G-¢1
09.¢T
0L°€T
06+¢1
06041

CESFNeT O

00°HT
U0°*hT
un*hit
ug*hI
U6°€T
neteT

Co*nt
Ut it
g h
Nhht
ught

vgent
Ce*HT
g *nt
ug*ht
CeHT

(G*hT
LL*hT
0R*HY
L6 hT
0g*st

nges1
UG°*GT
(USR] §
n6°ST
Gp°*9T1

0L*ST
U GgT
08°*GQT1
ugear
069271

4420100

Ur AN |
Oh*Lt
fheLt
02*L1
02*L1

ogeLT
OheLT
Oh*LT
N9* /1
09*L1

09*.L1
09°*.L1
0g°LT
0L°L1
09°.L1

061
06 LT
02671
0L*RT
0L°8T

09°871
0h*8T
01°81
06°LT
gLl

06°91
0p*L1
(A |
0181
0g*|r

H3IHWNILG3S

0ge8l
06°LT
0LLT
n6°L1
0081
0281

0h*8T
0L°8T
0L°8T
N9°*/T
0,81

0L°8T
0G°9T1
0h*3T
0291
08Tt

N9*RvT
098971
00°9T
08°*LT
01°871

028l
0g*8T
06°LT
02°81
06°LT

0L*LT
06°LT
06°LT
06°L1
NIRRT

15NoNy

IOVYSTINID S33Y930¢SAIdVY LS3ldd

[1]aR2R ¢
0zZ°RT
02°91
0h*8T
04° 01
o171

07°81
01" RT
0g° LT
0G°LT
0¢°LT

0¢c LT
On°*LT
0.°971
0991
0g°°1

0/°*91
0g*°1
0Q°9T1
01°L1
02°LT

N0°LT
0,°91
0G° 2T
0¢*91
Dﬂoﬂ.ﬁ

0¢*9t1
0r°*9rt
0191
0g*9t1
09°ST

A7

0¢*ST
0¢*ST
01°ST
[0h =) {
02°sr1

0g°ST
08°S1
09°S1
09°G1
0G°ST

08°GT1
0g°ST
02°S1
00°*ST
00°GT

00°GT
08°h1
0L 01
0G°*hT
00°n1

00°ni
0o°hT
AEARA |
otT*ht
08°¢T

08°¢T
0G*¢er
02°¢1
0g*2rt
0h*2t

ELNAI

oect
0e*ct
0e*ct
o2*<t
0s*c1
09°21

0821
06°¢T
0L°¢T
0621
oe*ct

09°11
0S*1T1
IFANN
06°UT
0L°01

0S°0T1
0S°uTl
0g*0t1
02* 0t
0T°0T1

oo*ol
090
0L*6
Oh*o
0e°6

06°8
09° v
0€* 8
0 ¥
02* o

AVi

0g*s

HIATY YIGANTD FHNLvYIdW3L Jovu3ny AIva

up*~
CLeT
02°T

0g°1
IVRA¢
nget
0s*1
01

.._m.ﬁ
ge?
ue*T
061
ag°*7?

[V
fig*1
UL°*T
D21
On*1

[t}
0g°1
021
011
gg*1

1R L
nge
09°*
0g*
teg*

A Ming-i3d

og*
oh*
og*
ot*
oL*
0T°1

0ece1
09°1
08°T
(10
062

0Le¢
0g°*e
0%°2
00°¢
(A9

oh*e
nGe¢
0S°¢
09°%
oer¢

oe*g
0s*¢
01*¢
0g*2
nge+c

06°2
ote¢
0x*%
00°¢
0t 2

AdynnIr

DM~ I

N T 0

—

O
K]

1

3.24



0g*s
09°g
00°9
0g°*9
0L°9
09°9

vo°9
0t°9
0h*9
08°S
0h*9

0e*9
uLes
(h°*S
0g*s
0L°*S

09°*®
09°6
09*g
u6°8
0h*6

60°01
01071
08°6
06°6
0Ss*oe

Jgl*6

US*0T1
UL°01
0L°0T1
0L°01

g38K3330

02+11
0,07
00+01
09¢6

02+01

0111
0721
0221
0211
0801

0L+01
0117
0G-11
0ge1T
GLe1T1

0021
Ohe2T
09+21
08+21
0621

0G+¢1
02eh1
0gecT
01+€1
UheEl

06°€1
06°¢1
00°*h1
0L+t
00°GT

d3HIAON

0g+ST
02°S1
0L°nT
Oh*hY
0g*nt
OLen1

UT*SQT
0g*ST
(theGT
ChegT
CheGT

024671
UtT*G1
41°61
bee*gT
0g°g1

0LeGT
0191
0h*91
0g*91
Ohe9gt

Oh*91
0g°97
06°971
01°L1
0L°+91

06°91
0291
GH*91
0G°*91
9971

4390120

,(_

01°LT
02°+81
05°871
06°L1
0Lt

08°87
08°8T
05°971
0r*er
NZeeT

0h*81
Nh*8T
0g°*8T
nL*er
0g*61

00°6T
08°61
0681
0g*91
og*eT

0h*8T
04°9T
01°6T
Oh*6l
0z*61

0L°81
nN2<8t
Ne* LT
NG*L1
Co*LT

38431435

0ge8T
04871
00°+8T
0G°81
0687
0261

0h*6T
06°61
0102
oL°6T1
0g*6T

0681
0L°91
01°6T
oh*e6l
02°6T1

061
0T°6T
02°61
0h*6T1
og*6Tl

oo*6l
oh*e6T
og*6l
0621
07°*81

00°8T
00°8T
00°*RT
06°LT
0h*8T

15n9ny

00°871
09°8T1
0g°81
00°8T1
0e°LT
09°LT1

0¢°LY
00°LT
0,91
06°91
08°9T1

09°971
0g°91
08°971
0,.°91
0g°91

05°91
0G°971
06°971
0G°971
0¢°*97

06°ST
08°ST
06°ST
09°St
02°St

00°*ST
06T
08°nt
0L hT
0L°h1

»JJ«;

0L Nt
0S°ht
0G°hT
05*'nt
06°h1

0g8°h1
0L°hT
0541

0T°hT

06°¢€T

08°¢T
09°¢t
0h°eT
08°¢T
06°CT

06°¢T
08°€cY
09°¢r1
on*eT
0z2°¢T

0e*et
01°¢t
oT°eT
og ¢t
g2*¢t

02°¢t
ogeT
0h°CT
0L*CT
08°¢eT

3NOP

3avy2T1N3) S33493Q

09°¢T
02°¢t
0621
0921
0€*et
00°¢ert

06°11
0S°11
0S°TT1
0S°*T1T
09°11

0S°TY
[LARG
0211
oT°11
0L°0T

0L°0T
08°0T1
06°0T
0T°T1T7
[LANS

09°11
oget
06°1T
0h°*1T
06071

0607
06°0T
oh*0T
0S°0T1
0S°0T

AVW

*ONVTHDI Y

0S*0T1
0T*171
06°0T
0BT
0g°* 1T

0507
0L*6
Oh*e
08*6
00T

0T°1T1
oh* 01
09°6
01°*6
0L°8

056
0S°*6
020t
0L*6
0L°6

0h°6
006
06°*w
02°6
on*6

09°3
06°9
0z°*3
0L*L
0e*g

I +4dy

HAATY YIGWNT0D Junivd3dw3al Jov¥3Iav ATIva

06°8
056
0L'8
00°8
09*¢L
0L*9

09*9
01°*9
089
06°L
0heL

0h*L
0h*L
0c L
09°*L

0G* L

06°9
0L°*9
08°*9
09*9
029

06°S
0e*9
02°*9
02+9
0G*9

0G°*9
0L°9
0L°9
\FAFA
05°+9

HOdYW

0¢c*9
05*9
0¢*9
0g*s

0np*S
0g*9
0g*9
O0h*9
0g*9

0g¢*9
0g*9
h*9
Jg*9
0g*s

06*S
06°S
0z*3
0t°*9
Op*o

0g*9
Cg*9
0e°*S
Go*9
Ng*9

01°9
02°9
ng*o
Oh*9
Nt*9

Advndg3d

0€*9
0G*9
089
00*L
0c*L
0T*L

06°+9
0T*L
0949
on*9
0oh*9

0S89
00°9
nec*9
0h*9
02°*9

05°9
029
0h*9
02°*9
one9

0c L
00°L
00°L
09+,
009

alL*H
0883
0g°*6
0g*6
0G°*®

AdvYONYT

- NN

t951

3.25



Ot
0Ly
uL*ée
gg*or
ug*6

00°01
06°6
U9°*6
utT*eL
066

0s°6
VR A
0L°'6
0L*6
g6

¥3973530

06+6

0,401
Ohe0T
NL+0T
0L+0T1

0901
03+071
0T-T1
0G*TT
0917

0021
271
0G+21
ngeeT
0L+2T7

0T-€T
021
0921
0L+21
ug*eT

(U
08.¢CT
UTehT
U1
08eCT

0g¢T
02h1
0G+hT
06°*hT
16+GT

dIFHWIAON

69°G1
OhesT
0h* 5T
VO°GT
nasyT
0G°*#HT

Oh°ST
Uh*GT
ug*qr
Uh*GT
Uh*GT

OhegT
J9r T
0L°GT
uh* ST
Ut*GgTl

U6°GT
0L°9T
up*LT
06°9T1
Un*Lt

0L°LT
uze*gt
00°8T1
OT7T*uT
0L LT

L LT
UGg*aT
Uh*3T
U6 LT
uReLT

¥340120

06°LT
0947
0g* LT
0L LT
06971

0eg*81
02°81
0g*871
06*81
08871

Oh°a1
GLeet
0g*LT
feeLT
06°97

0¢*8T
NT+61
no*0e
08°61
09°6T1

0g 61
02°61
01671
Nh*AT
ng*8T1

09871
08°97
0L°8BT1
ce*et
ne+61

Mg 3L dAS

0geart
n|*8vT
£9*BT
08°8T
0961
09°6T

N6°6T
06°67
06°6T
or*o0e
0T°0¢

0Le6l
nGg*e6T
0he0¢C
0G°02
aLc0e

oh*02
0861
0G°*6T
08°6T
00°Ge

a2+0e
ng*Q2
0L*0¢
nge*6T
06°6T

aL*6T
0L*6T
0o*o02
0202
06°6T

1snany

0,°61
09°6T
04°0T
01°67
00°P1
00°FT

0.°11
0G°*LT
0h°LT
on*lT
06" 91

0G°LT
0L°LT
09°LT
09°LT
0G6°LT

014t
0L°°1
0H°9T1
0h*9T
04°“T

06° 91
0G°*°9T1
06°9T
06°°1
0.°91

0G6° 21
0z2°°1
0R*ST
06°ST
02°4T7

Anar

0G°ST
02°41
08°h1
0L°nT
06°n1

0¢*ST
0g°sT
0T°ST
01°ST
06°n1

09°nT
Oh*hT
0141
06°¢T
0o h1

06°¢CT
06°¢T
00°HT
0T*4hT
0T*h1

0c*h1
0o*h1
08°¢€T
09°%

09°¢T

og*=eT
otT°¢ct
1) ol
02°¢t
06°¢1

3Nne

30vdaTINID S334930

08°*ct
08*cT
06°<1
0921
09°+<1
0¢*ct

06°T1
0G°T1
oh* 1t
0h*1T
0h°TT

02°T1
oz*it
06° 11
02°1t¢
Oh*TT

0hT1
06°T1
09°11
0h°*TT
06°0T7

0G°0T
0£°0T
06°6
0g*e
06°Y

09°y
0tT°*6
02°6
09°06
0L*6

AVA

CUNYTHD T Y

00T
09°01
0v°071
0g o1
0e°Qr1

0L°6
0L°6
0n*6
05°6
0t°*or1

09°6
09°6
oh*6
0l°*6
026

060
0L°6
09°o
on*6
Ov*w

0d L
nEey
ngeg
06 L
03°L

oh*y
ade* L
nleL
0L
09°L

I 4dv

YIATH VIGWN '0D IuNlvdIdwar JoyddAy A11va

0g* L
06°9
0S°L
08°*9
06°S
06°S

0¢°9
01°9
09*9
09°L
02°¢L

0L°9
0Z°*9
02°*9
01°9
09°9

oy
01°L
05°9
00°9
0h*9

0s°9
06°*S
06°S
00°9
09°g

06*h
06°h
06°h
06*h
0G°*S

1JUYW

09°¢g
g*G
0g*S

Ce*t
09*h
:OOT
0nh*q
09*s
On*S
Qi.nu
026G
Ge*n
[(TRA]

0t1*s
O S
01°G
Ne*h
ag* "

0e*t
U™
¢S
g s
ar*s

cg*s
Uh*Ss
u9°G
te*9
nres

AfvNdiiad

AHyNY D

- N O

GakTt

3.26



08°L
06°L
08*L
ug*L
00°*6
00°'6

06°8
Gh°*g
0g*g
0n°*8
0c*e

06°6
01°01
096
G6s*e
06°6

uL*e
Ge*e
U071
ug*ort
06*6

0246
UB*6
06°*6
0L*6
02071

Uh*0T
0€° 01
U6°0T
00°T1
0E°TT

FELTERELY

01T
0GTT
O0geTT
00+0T
OTeTT

0211
Ohe1T
Ohe1T
0BTT
0L-2T

0921
URA
06271
0Le2T
0ge+21

0oect
Uo-¢T
OLe2T
0621
0121

0G+2CT
0ge2ct
OheCT
Oh*hY
Oheht

0T*nT
00*hT
00*hY
02eht
0T*hT

536 IAON

Ohehl
Uh*hl
0g*hT
Uug°*Ht
09*ht
0T°*GT

02°st
Ug*3T
u2*ht
ngeet
vo°ct

LSRN |
0T*hT
0G*ht
02*S1
GTeaT

Uo°*St
Grest
0G°gGT
0g°G1
01°91

Oh*9oT1
0G6°971
ugeLt
06* LT
0081

0781
uLeLt
02671
0191
0T*8T

H4-0100

Oh°8T1
0261
06°81
06°81
og*el

06°89T1
0261
0861
06°*61
On*61

00671
0o*6T1
0g*6T
0L61
0G*61

0o*671
0Le8Y
09°87
0G6°87
0g-ert

0561
0L°61
09°61
0961
0112

0L°02
no*oe
0261
0L*61
0e*et

438W3ILd3S

0G5°81
02981
oge6t
0161
00°61
oge6tl

0ge6T1
0e*6t
09°8T1
08°8T1
08°9871

0981
n1°61
0161
0t1°61
00°6T

06°81
06871
og*8t
02°'8T1
0g*8T

09°871
0,°8BT
00°*61
00°61
08°€T1

0L°81
0L*8T
09°RT
0h*8T
06°LT

15Nn9ny

0g°LT
06°L1
0g°LT
09°L1
02°LT
0T°LT

0p°LT
IR FA
o1°Lt
06°'°9T
09°971

09°91
0,.°971
0g°91
pz*9t
00°91

00°91
Nno*91
08°ST
0.°ST
09°S1

08°ST
0g°GT
0R°ST
0¢*ST
08°HT

06°hT
02°hT
o¢*hl
02° b1
0h*hT

A0

0S*hT
Oh*hY
0s°ht
0s°h1
08°¢T

0h°ET
0c°eT
09°¢cr
09°'¢cT
0L'et

0T°ht
Oh*H1
og°hnt
0g*h1
01°*ht

0g°¢t
On*cl
0g° et
0T°€T
oe*et

0T°€T
0t°¢t
00°¢t
oLet
0L°21

09°21
ng*er
0g*2t
06°ct
06°21

mZDj

3dvdoTLM3) S334930A

0821
0g*eT
ohe*CT
og et
0T°¢1
og° ¢l

00°¢CT
09°¢i
og*ey
oo°ct
or°ct

0c*et
08°11
0611
00°TT
[ AKIAS

0€*0T1
09*0T1
06°0T7
0S°TT
0S° 11

on*T11
0e*ct
IFARA!
0T°ct
0t°¢cr

0e+¢1
ogeer
00°*<ct
ogect
06°1T

AVNW

CUNVIHDId

0e* 11
064071
05°01
0T°0T1
o€ 0T

0L 1Y
oS 1t
09°01
0g* 01
066

08°6
06°6
0tT°0T
0S°0t1
09°071

0s°071
08°*6
086
08°6
09°01

09071
0L°0T
05°071
0c° 0T
ot*01

aceot
06°01
000t
0T*o
0g*y

ATidgy

43ATd VIEBWNT0D FuNlvdIdn3l 3ovy¥3AV Allva

09°8
1]
0g*e
0h*8
06°*L
oh*L

0h°L
06°9
0h*3
00°9
0S°9

oh*9
0€°*9
0S°*9
0G°9
06°*9

0T*2L
0S*L
08°9
0S°*9
02°9

0h*9
0e*9
08°g
002
06°9

09°9
00°9
01°9
0L*S
0¢*gs

HOHVYW

06°S
06°G
Ne*S

02°S
09°*S
02°S
0g*9
tg*d

09°*9
0g*s
0g°*s
OheS
Op*G

048
1g°*9
0¢c°*9
0¢*9
(R

0h9
0g°*2
02°9
0,°L
gL

09
02°9
neg*9
ON.C
g9

AdVAHT S

06°S
00°9
0€*S
0g*S
01°S
0T°S

0e°s
09°S
05°S
0L*S
G55

oS
0L*G
0d+G
08°S
08°S

00°*9
0h°*9
0g+9
01°9
09°*9

Q2L
0h*3
Oh*9
OF.Q
Ne6°*G

00°92
0G6°9
09°9
Dcinw
0L°*S

AMYNNT

T¢
0%
6c
ge
Le
92

S
he
ce

2
&

N3N

2agT

3.27



u9°*9
uB*9
06°9
utT*L
Uhe L
et

ey
ug* L
ug*9
uG*9
UG*9

ug*9
un*g
06°*3
069
(USRS

69
01°L
09°L
ue* s
ul*e

Ug*o
uo*e6
Lo*6
uo*o
uLy

uete
ue*o
6s*6
uh*e
U9°6

PERLERES

V66
02+01
066
0646
06°+6

Ohe0T
0011
0¢e1T
O0€eTT
0211

0911
0021
0ge21
0L+21
09+21

0,21
0Re2T
02+e1
GLe2T
Ohe21

NGe21
Gge21
0ge2t
ugeet
Ohe2t

0Le21
0621
OheCT
09.¢T
0GehT

AW IAON

06*hT
uh*hl
06°¢T
0T*hT
02ht
ueZht

Qe hl
GO hT
6 hT
0h°GT
19°GT

Un*GT
V3RS §
uT*9T
02 91
Uheg1

th* 91
Ng*91
U691
[CAFA
OL*LT

vg LT
uneLl
UheLT
Oh*LT
UgeLT

og*Lt
02971
uge9t
U6*91
uo*8T

HAHCL OO

0he81
0g*61
0G*6T1
nee*e6t
06°81

02°61
(o*61
0o*e6T
ne<e61
01*e6T1

06°91
0681
Nhe61
0e*el
0681

N6*81
0g*Qt1
0881
Ng*81
09°81

Un*6l
e 61
102
01°*02
02°02

08°02
0g*02
01*02
06°6T
02¢02

H3IAWILA3S

6102
02+0?
0G0
n9*ne
09°0¢
oge02

nge*oe
0602
0L°02
c9*ne
0g°*02

0g8°*0e
0p°*12
nGe1z
oh*12
02e12e

et 1e
01°*17
0902
0h* 02
ne*oe

Ng*61
0261
0T°*61
nr*61
ne*e6l

ng*e6t1
Oh*6T
n2*6tl
nT*6T1
06897

Lsnany

00°*FT
0BT
0G6°fT1
0¢* 9T
02°9T1
06°L1

06°LT
00°“'1
0g°LT
0L°LT
0Gg°LT

o¢*it
or°LT
02°Ll
SR A
0p*'Lt

06°91
0s°91
09°91
o6zt
06°GT

0.°6GT
0G*GT
ne*Gr
31° 91
0¢ 9T

071
02°°1
0or* 21
02°6GT
0g*art

AT

0g°st
02°S1
06°HhT
0L*hT
Oh*hT

02°Hh1
02 ht
og*hr
oe*hr
0g*ht

0S°hT
0S*nl
og*hrt
00°hT
06°¢T

0L°¢cT
05°%2

og°el
0g°eT
05°¢1

0L°¢T
08°CT
09°¢1
(Ilang o ¢
o1°¢T

00°¢T
00°<T
06°21
00°¢cT
0L*2ct

3t'p

3dvyoT1M3) 334930

0g*et
08°1T
oo°er
08°*1T1
0e°11
08°1(

06°11
01°ct
09*ct
06°21
00°xT

0t1°€l
0s°¢tT
00°¢T
0T°%T
0g*eT

08°¢T
0L°2T
08°T1
0o°*1t1
090Ut

00°T1r
ug*TIr

g£*ct
06°T1
PARY!

0811
ge*rt
06°0T
oh* 0T
0L°01

AVin

SCNYTIHO I

HINTY VIBWNTCD FuNlvy3dw3l 39vH3Av

0€°*o
00°o
0o°*yg
0G*y
0L°8

0c*'8
oL*8
006
058
01°g

03°*L
00°g
Ob'o
08°*6
056

0e‘o
00°e
06°8
no*y
0e*6

0s*6
07°6
0l*o
04y
0Ly
Oh*g
09°g
0B*6
07°'¢
LIVAYA

AT ady

LaIva

0L°9
06°9
0T
0L L
00°*8
06°*L

05°9
99°9
0h°9
0h*9
09°9

06°9
05°*9
00°9
06°S
0S°*9

0t1°9
0T1°9
0c°L
06°9
0€°*9

08°S
0g*9
0c*9
06°s
0e* L

0g*L
06°9
05°*9
0L°*9
0n*L

HuYN

?noF
Ga
09 L

09°*9
hgea
NHeQ
gy
ngeq

(1O
0g*9
Uuh*S
06°*9
(the

Qﬁ-_..
0g*9
oge*L
02°*L
0p*L

nge L
g9
39°*9
0p*Z
tg*L

0g*&
(HANA
ngeL
HE AA
DA R4

Atvnua3S

0T°L
06°L
ogey
00°8
01
Ov*9

0T*L
0L°*9
00°Z
06°9
OheL

0g*L
oheL
0c*L
OheL
no*3a

05 L
nteL
0tT°L
Oh*L
Ot*L

no<L
0L*L
0¢*L
nge*9
0g°93

062
On*L
nr+s
0oL
08°*L

Advnuvr

1€
0
62
Q7
L2
a2

2
¢2
2e
12

02

at
LT
aT

ST
LA
€T
21
7T

O~

N D

[A-To8 1

3.28



Oh*e
(0,
0tT°¢
0T1°g
01°*9
0¢*9

05*9
06°9
0o"L
ts*9
SEAL

Uh*9
06°9
ue* L
Uhn*L
Ty

u6°*L
ug*L
0B L
028
098

U6°3
US*o6
Jg*oe
ue*e
Jgg°*6

uh'o
09°6
uh*s
Uh*6
ug*6

«¢38WwA530

0546
0846
0g+6
00-0T1
0o-0T1

0c+0T
02-071
0901
0,071
0601

NgeTT
0111
UT-T1
080T
0e-0T1

USR8 ¢
OL*TT
LeTT
nneet
NG-21

0ge21
02+21
rARA
0121
oze21

0g-21
0Ce¢T
UgeeT
Up+€T
06271

43 IAON

Ug°eT
OhegT
0g9°¢1
Co* T
OLeet
08°¢T

094y
01°41
0841
0941
GLrent

09471
LZ*ht
Lot
L h1
OhenT

to*ht
0gent
bhent
0161
ue ST

0g°GgT
ue ot
0L°6T
U8 QT
uee*9t

U997
Gr°9t1
tG*91
uR*9T
dLLT

2340409

01°81
0L*L1
0geLT
0G-L1
091

NGeLT
no*Ly
igeort
0T+971
Dhe9aT1

09971
02eL1
N6°L1
g8t
05871

Ue*8Tt
09°871
01°61
0L°61
0L°67

09671
06°61
06°61
06*6T1
CsbT

01*6T
0261
0t1°61
C9*871
Ng+g37

09°*8T1
09°37
0g*BT
008t
0g 4T
01871

0L°LT
0081
ag*RT
ng*et
Nh*8T

0g*8T
g2+8rv
02°871
0S5°81
0L°*8BT

no*6T1
0h*8T1
06*91
0L°67
0L*61

On*6l
ng*61
02*61
09971
n6*8T1

0G*6T
0L*6T
oh*6T
0h*6T
0e*6T

15N9%v

neg*61
0¢ 61
0,.°6T
00°61
0¢*RT1
0n*91

0L°LT
0b"LT
0g* 9T
0e*9T1
06°9T1

0g*9T1
09°91
0g*9T1
0n°*971
0n*ST

0h°9T1
0g°*9t1
09°91
0]°91
0T°LT

02°LT
0¢°LT
0T1°LT
06°9T1
05*9T1

0z°91
02°GTY
02°'GT
00°GT
06°hT

AT

0L*hT
0G°ht
09° 41
0¢°Grt
0¢°ST

00°ST
0L°h1
g h1
00°hT
00°HT

00°hT
0tT°h1
02°h1
02°ni
0t1*ht

06°¢

08°%T
06°¢t
oL°eT
0L°¢T

00°HT
00°HT
0T*HhT
021
08°nl

06°n1
0h°hT
0p°*ht
0B°feT
0G°¢1

EiRH

3AAQyHoTLiNdD $33¥937

gggrt
00°¢T
0T°%T
08271
08921
09271

09°¢1
08+2t1
06°21
09°+21
0821

0Le¢l
08°¢T
0S°¢T
0g°*¢T
0T*xT

09°¢ct
0s*2t
0T*hT
0e*nt
0g° ¢t

02 &1
06°¢1
0heeT
0c*ct
0e*et

00°cT
0€°2ct
0T1°*<ct
0L*TT
agetT

AVIN

SONyIHOI U

00°2t
0821
01°271
00°TT
02+*071

066
0L°6
09°*6
0he0T
0T°*6

0c*g
00°8
02°*8
0 8
0g*8

09°g
08
0ty
0L°*®
0¢*e

0T°*6
0d*w
0L°®8

2L

09°9

Due*g
06°*9
0L*9
004
0v*9

I <idv

HIATH YIGWNT0D FUNLvy3dW3l 39yd3Av ATIva

00°*L
00°L
0G6°¢L
01°*L
0L*9
09°9

0s°9
0h*9
0g*9
0T°*9
06°g

0L*S
02*s
0g*S
0g*s
02*s

01°g
0g*s
02*s
629
06°S

0L°g
oR*g
0L*S
06°S
0c*9

0t*9
03°L
03°9
0T°*9
00°*9

HOJYA

06*S
0e°*S
DO.D
00°L

0p*L
0r*9
08 ]
Oh*G
0%

A
1A ]
0g*h
0g*¢
.u@.ﬂ

0g°*¢
nge+¢
Up*%
agth
0g*¢

nge¢
DAL
0g2*h
g+
J9*h

3@.3
304
hes
00°*G

1G0%

AYNdgH3A

Oh*h
0g*h
Gh*th
02°*h
08¢
0h°*S

00°*2
059
0h*9
oge L
0he*L

08°*9
OO-.@
08°S
nees
0L*S

0G°*S
n6*h
0Lch
0L*h
00°S

09+
Ng*9
00°*9
0yq
00°*9

05°*9
0eg*9
065
04°*9
09°9

AHyNIr

N D

?_Q.N,L.

3.29



ue 9
UL
L
ule

Lh*L
ug* L

SR
Us* L
Ul
ue L
vo*

L3t
U
BV}
v/
N

et
[ER
ag e
U *

R

NEYRT]

g 3D 44

(iR
0y
U6 R
UTe6
N2e6

nNge6
Coh
Hpe0T
(i 07
tigre ]

Qe
t1eT1
GOt
OheTT
NG Tl

nrelt
(he?T1
LPe21
N e
HYeg1

tGeg
nZegT
6?1
ugegct
R

¢
Ui T
RN |
vSehl
e eh]

TR AN I TAYO LN

Hagenl
ERRLAY
Gh*hl
AR
U6l
'h*el

F1°ht
Ghehl
LSRRI §
B0 sl
NVARINY

vt T
(TR
et
Ll
AR |

OL*91
.,\vc.Aﬂ
S8 VIR
vTtLt
SN |

0L S

o LT
[EXARd =R ¢
NpyeQy
01491
gy

Ny *g81
CTGT
[BARYA 4
LAt
MheRT

rgeat
0g 91
WALIAS
G811
ngeqt

[ESRAh |
[MSRRYA
NG 61
:Comuﬁ

102

CyenT
CHYAT
Hy*6T
ngear
A,

e L1
UEAVA
(16491
nLehT
fa*hl

HgNIL S

0161
nygewT
N9°*V1
Dmv."‘ﬂz
ne*t 1
NEeET

rLOT
to*ne
cy*ne
agcue
U661

noee 1
NI*e. T
(06T
nGge*.1
Tl

rgee T
9201
0enT
pase
1561

n2eeT
“yced
nyear
noeeT
NG T

LN |
NE*hT
OH*6T
oy e T
aGgeaT

HAAT A

DISAARY
e td
60T
Jepn T
Jarary

VRSER{
0o* 1
Na*ttr
04T
Nee T

10yya L’

g9t
06° 3T
0L° 51
0u°*sT
06*41

00°I1
a1°91
0T°v1
0r° 21
071°1

0¢° 0T
01° 91
0h*al

0641

04°GI
0e* 1
ng*st
30° a1
0a*nl

0L 41
uethl
0741
O nl
0ne *y 1

95 nl
(LR §
0e*l
DY
In®y 1

3P

1) S7T34° 44

0ot
Qbect
091
al'cet
0821
02°*'¢1

0E*:t¥
gt 1
0¢°*x1
0621
05°¢1

01°cl
or°*Il1
0911
uh* il
ot

0ec* 11
0111
0tT°1t1
0c* 1t
go*ul

04°ul
JLul
09°*:1
gl
0y°ul

0% *c
[ ES
VISR
Oc,*

Ay

LMY IO

VTN TN LY T HR T 39y a3

NG
0aty
0oy
O
09%y

Gc*9
0oL
nneL
Ol
0ua*L

0L
Na*l
NyeL
Ni*y
N

SRERES]
DIEARS]
0:°*9
R
[DRAS]

AT oy

AdIva

he

NET

e

,
«

n-
1
or
A
aT

~

:a

-

nART

3.30



go°*s
O0n*s
06°g
0g*s
0e*s
00°*s

0L*h
0g*s
01°9
01°9
0L°s

0T°*S
0g*h
0e*h
00°*S
¢g°*e

06°9
0e*¢
01°*8
0L°8
016

0L*6
0,6
05°6
01°6
016

06*6
U6°*6
0t1°*07Y
02071
og* 0T

438W3030  d438WIA0N ¥3IHOLDO0

0the+0T
0646
066
02+6
066

00°*T1
06°1T1
0601
0ge07
0901

Oh+01
0801
0601
00°TT
0211

0617
08171
01-21
0ne21
0Le2T

Ohe€T
00.¢T1
0L+21
0Le2y
00+¢T

0gegY
0g€TY
0LeEY
06°¢1
0G*hY

09°*HhT1
0g*hT
0L°¢T
0S°¢T
0L°€T
0T °hT

09°*h1
0941
0941
0L*nT
941

0G°*h1
0941
06°h1
06°h1
00°ST

0g*sT
0L°ST
0L°ST
0geqr
Ug*ST

08°G1
60°97
0h*91
0h°*9T1
06°GT

0g°GT1
08°g7
00°971
00°*97
00°9r1

08°971
0L Lt
0S*L1
02°L1
0S° LT

07°87
0641
09*.1
0G°*LT
N8 L1

0L LT
06°L7
0L°L7
01°8971
08T

09°891
0,°871
00°87
0L L1
OLeL1

09°*L1
00°*81
08°871
09+897
0g*8T1

08°.1
Oh° LT
OtT*.T
00°*LT
Ohesr

¥38W34d3S

0L°*LY
09°LT
0S°LT
06°LT
00°87
0g*8T1

08°+87
02*61
0zce61
08°87
0h*81

02871
00°*8T
05°97
0L*81
0h°*81

0g*8T
05°971
05°87
08871
0681

0h°8T
0L°8T
09°*871
02°871
09°L7

0h* LT
0G° LT
0G°LT
0Oh*LT
00°8T

1snany

06°LT
01°871
0p°*LT
05°LT
0¢°LT
02°LT

06°91
05°9T
0G*9T1
0G*91
0n°971

0¢*91
0¢*91
ox°91
0¢°*9T1
01°91

or*°rt
02°9T1
01°97
07°971
0g°ST

0G°S1T
06n°ST
0G°ST1
01°ST
0g*hi

09°*ht
0G*HT
ogc*ht
oc*H1
O0¢*hT

Ao

og*hy
01°*HhY
01 °h1
0T° 4t
0h*hl

on*H1
0g*h
0T h1
oL°¢ct
09°¢1

05°¢T
on°el
0hn°gT
0G°¢T
09°¢1

09°¢T
0s°¢eT
og et
00°¢€T
oo*¢ct

0T°€T
08°2T
0g°21
oo°¢cx
06°21

op°¢eT
0o°¢cT
oe°¢et
0h°cl
0G°¢t

aNnr

AAvd9TINID S33¥93Q

oOh*€l
0621
0921
\FARAY
Q0°<ct
08° 171

09°171
09°T11
0h 11
0g*T1
0S°TT

09171
0E°*TT
02171
00°TT
09°01

09°0T
0L°0T
08°+0T
0211
og* 11

09°11
08°*11
0GS°*TT
00°T1T
0h*0T

09°07
0507
0T1°07
0T1°0T1
0T°0T1

AV

4005Vd

09°0T
08071
02°11
o€ 11
05401

066
0€°*6
02*6
oh*e6
0S°0T

0h°0T
0L*6
01°*6
06°*8
09°%

0¢°*6
08°*6
056
01°*6
00°6

06°8
od*y
0T°*6
026
0c*'y

0c*8
0g*s
0e*L
08°*L
0T°*w

q1ddv

Y3AATY VIGWNTOD Jdnlvd3dwal 39vd3nV A1Iva

0L*8
09°8
08°L
0G°¢L
0L°9
0¢*9

01°*9
0¢*9
0T*L
0t1°L
06°9

0e* L
0T
0T°L
oe*L
0<*L

00°*¢
06°*9
0g€*9
01°*9
0L°s

06°S
0T*9
0ec*9
(U ]
0T°9

01°9
08°9
0g°9
0¢*9
0T°*9

HOYUYW

06°S
0¢*9
06°S
0.°S

0p*9
02°*9
oge*©
0H*9
029

02°*9
0¢*9
0p*9
0L°G
0G°*S

09°S
00°9
08°G
08°G
0g*°

0G°*9
00°*9
0¢c*9
O06*S
06°S

Dp°*C
09°9
09°*9
06°*S
0h*9

AdYNd4H3S

09°9
09°9
09°*9
09°*9
09°*9
08°*9

09°*9
0L*9
0S5°*9
0c°*9

08°S
029
05°9
0T1°9
00°*S

02*9
059
02+*9
00°9
089

00°L
00°L
0L*9
0S°L
oo°L

0T°*®
0h*S
099
00°*%
06°L

Advnnyr

O M~O IO

~ NN

1961

3.31



uh*9
Jo* L
og*L
U9 L
Ug* L
Jo*L

ug* L
ug* L
0S¢
ue°L
ue*a

ug* L
ue*L
ue*?
ve*y
neges

0wy
Lve® 6
Go°0t
Je* 6
uT*01

Jg0°071
[V1VANTA
U9°'6
ug*6
uh'o

uh*s
UL'o
ug*6
0e°f,
U0°*0T1

a39k3IJ30

Dhe0T
0ge0T
Uhe0T
0601
uge-or

0901
0601
0geTT
0GeTT
09171

0221
02+21
(US4
Ohe271
UGe2T1

0921
UL=21
0L+21
og-¢ct
0T*¢T

0G*€T1
02Z2+h1
9eCT
N6ET
D6eCT

0T*hT
0Geh1
0LehT
0CeST
0/°GT

3, IA0N

0T°ST
Uh*ST
02+G1
ue*hl
0h*nl
Grear

0h*gT
6O*ST
0g°4T
ngest
0g*GT

0gegT1
0L°*6T
0¢*qT1
CT°*9T
U9*gT

00°9T
06°91
G8*91
0T*LT
05 L1

06°LT
S AR
00°81
U6 LT
UL LT

02271
teg*vT
to*BT
(R*LT
L8 LT

H310195C

BLeL1
0n* LT
0heLT
0¢*81
0h°*81

neegr
NT81
0h*8T
NL*8t
0931

06*LT
0G*LT
0G° LT
0e*LT
0h*LT

0h°QT
0h*61
08*61
N9°61
0g*61

06°8T
00°6T1
0661
0261
0L°81

0h*81
09°31
0L*BT
01°61
G6°*RT

HAgAN31d3S

09°8T
09°8T1
0S*81
08871
09°61
0L°61

0L°6T
09°6T1
0L*6T
no*oe
06*61

nge*6t1
0561
0n*02
0h*o02
09+02

ete0e
0L°61
0h*6T
08°61
0or°02

nge*oe
09°02
ng*ne
0T1°02
ng*61

09°61
NG*6T
06°61
ar°0<
0G°*6T

15n9nNy

HIATH

0g°ET
0G°6T
0¢°61
0r°61
0591
0n°RT

02°LT
0G°¢L1
0h*LT
0Q°LT
0697

0a°LT
06°LT
0.°LT
0s°LT
0G°LT

02°L1
og*ert
0n°*9T1
0a*91
0,°971

0.°9T
0L°9T1
or°/71
on°LT
or*c1

0,°°1
0¢* 91
00°°1
07971
06°CT

>I_)

0L°ST
0g*ST
00°ST
08°h1
01°ST

0¢°*ST
0g*st
0e2°st
0e°*st
00°GT

0L°nt
0h*hl
06°¢l
08°*el
06°€T

0g°¢€1
08°¢T
00°hT
00°nt
01°ht

02°h1
00°hI
08°¢T
0L°ET
0L €T

og°er
01°¢7
og*¢r
oT°¢r
06°21

e

30y '2TiNID S3734930
YIGANT0D NLydIdnIl Fovu3dnv AIva

08°21
0L°21
06°*<C1
AR
0L*21
ogect

06°TT1
0S°*17
ot*11
0h*TT
0h*1T

oe*1t
o021t
0h*11
02°11
0e°11

0og* 11
0s° 11
0911
on°*tl
0Y°0T

0s°ul
ogect
08°6
og*o
06°

«

09°y
0T°c
02'o
09°€
oL

AV

40JSvYd

086
06°6
05°6
0L°6
oo

01°6
01°6
06°6
0:'6
03°*6

00*6
00°6
0Y*y
0G*g
06°*Q

0r*o
0Tl°6
00°'6
088
0L*L

0S4
0L L
0L* L
Ne*L
06°L

0y L
02°*L
05°9
03°9
0G*L

Il ‘dv

0L°9
0€°*9
06°9
02°9
0€*g
06°S

oh°*S
oe°*g
06°S
0¢°*s
0€°*g

0h*g
00°S
0c*h
gt
0g*h

0E*h
O0o*h
0g*s
oL°s
06°g

0c*9
00°L
09°9
0T°9
09°§

09°g
06°S
00°*9
089
0G°*9

HIUYAW

LS
De*h
Nyt

Og*h
go*t
Ot
ng°*h
0g°*S

ug*th
Ng*h
ng*H
ngeh
01*h

ng*s
ug*h
Ohet
Nh*h
BETRE.]

ggen
yr*h
dg*b
0g*h
Np*s

02°45
0t1°*%
09°g
g+
06

L NG T

0h°*S
06°S
0T°*9
00°9
09°G
09°*9

09°G
09°G
09°SG
065
06°9

00°9
019
019
019
nLeS

0L*S
0heg
06°S
0L°G
0h*S

06°*h
06*h
06*h
0g*sS
0g°*s

0¢°*S
01°5
00°*S
004
00°*S

AMYARTT

NN

5961

3.32



08 L
06°L
06* L
[Cr AN
0.°89
uety

0og*g
VR R
ug*n
0Ly
Gh*6

ue*or
0g*6
0g* 6
05°6
U8

066
unte
ULt 0T
bh*6
096

ug*e
Ug*6
u9°6
UL'6
UG° 0y

Oh*o0T
UG° 0
Uo* 01
UGS¢
0g* 11

43883334

01T
0G-1T1
0011
GT 1T
Ce6-01

06+0T1
0211
OheTT
ogeet
Ote21

voe2t
0121
0921
0921
08271

00e€T
0«21
Gge21
0ge21
0721

G271
0Ge2t
OTehT
0TehT
08°¢T

06°€T
06e€T
GTeht
06+€T
02ZenT

dIHWIAON

02+n1
o0gehT
Oh*hT
GG h1
0L+ 4T
0161

0ge*S1
Uh*hl
0GeeY
uo*eT
02+¢1

(=R
ug*ht
Je*hl
08°*h1
CLont

08*hT
FrAdeh |
0geg1
U951
0ge91

Uh*9T
0L*91
UEtLT
0L LT
SHRN

06°L1
N6° LT
00°*81
08*L1
0281

H3IHOLDO

NG 81
Ng*61
Nge8l
go°61
681

0o*61
0n*61
09461
04461
01°671

0881
0681
Mhe61
0561
G261

08°91
N9+31
08T
Oh*8T
0691

nN2+61
0g*61
02671
0geoe
0g°*12

08°*61
0L°6T
0G°61
n2e61
0L°81

H3IYWILd3S

0081
0g 8Tl
00°61
06°891
00°6T
C0*6T

0167
ce°8I1
05°91
0991
0he8r

09°81
0g°* 81
0061
ng*eT
06°97

09°91
0g*8T1
0281
0281
0g*8T

0691
0487
0161
03°81
09°81

0L°8T
0.°8T1
09°91
0g°*8T
0081

15n9ny

00°*®1
00°RT
06°LT
0L°LT
0c* LT
oz*L1

07°LT
0¢c*LT
02°L1
06°°T1
0,.°91

0.°9T1
08°91
0.°91
04°91
0e2° 1

or°9rt
01°971
0g°GT
0a°*ST
op*orv

06°GT
0n°*9T1
0g°*GT
02°ST1
og°*tY

00°ST
0a*hT
0T hI
0z hT
oGty

%JD?

0G*HT
0S*hT
09°41
Oh°H1
0L°eT

[0 20
og°et
6L gt
09°%T
08°¢T

02°t1
Oh*Hh1
ot ht
0eg*hi
o0r°*nt

09°t1
On°eT
og €T
o1°¢t
0og*ct

02°¢t
or°er
00°€ET
0L*er
0s°et

0L°et
0g*eT
0G6°21
06°21
0321

RiMatal

3Qy*'9TAN3D 5334930

0621
0e°¢e1
oh°Ct
og*etl
og°¢t
ot°:T

oT°€l
0421
og*ct
08° 11
02°¢ct

02°¢1
06°11
09°11
06°GT
0€°0T

og° Ut
0901
06°VUT
0G°11
09°11

08°T1
0€°*2T
02°c1
0021
0p*ct

08171
0L°TH
08°11
0e° Tt
o€ Tt

AVis

¢0JSvd

0801
09°071
0€*0T1
0o°*6

0g°01

00°T1
03°01
0201
0o*o
09°6

06
06°6
0T°0T1
0001
0101

0L*6
0s°*6
oh*6
Ou°*o
02°0T

03°01
0L°0T
g0t
05°6
03°6

02°01
0r1°01
0T°6
0d*8
09°8®

T adv

H3IATY YIdWnT02 3¥Niva3ddn3d 3ovy3Av AIva

0heS
09°*G
0g°*g

0g S
O0x*S
09°*S
0g9*9
ageo

06°G
g°*G
00°*Y
0e*h
00°G

0ge*s
0Gg*S
Ng*g
0.8
0g°*G

0%
0nge*s
0g*2
0g*9

sgev

0g*Q
g4
nge*q
ug*s
Ng*S

AvYNyaad

019
0L°S
09°Ss
0h*S
0c*S
0€*S

06°¢S
09°S
0L°S
0o°*S
0h*S

0L°S
06°G
0293
00°9
01°9

0h*9
0y+a
on*9
nLe9
0s*L

05°9
0T*9
0L°9
05°9
00*

D:-nw
00°*L
ng+9
Qﬁ~.m
op*@

AdyNLC

—“ M TN

QahT

3.33



ue*s
0L*9
0g8°9
vo*L
Oh*L
06° ¢

dh*L
06°*9
0n*g
00°*9
uge*a

uo*9
AIRE)
VIVRRS}
:ﬂ-¢
ug*9

L9
uo*s
UL
Cre*s

ULl

Oy*y
ulL*d
og*v
uh*Y
uhd

uetn
VA )
(VR B3}
te*o
us L

adga 3330

0A+6
06
09°+6
US+6
09+6

Ge+0T1
0G+0T1
02717
0pe11
2e1T

0ge.11
0911
01+21
geeet
0he21

Ohe21
ugect
Ohe21
CReTT
0727

0221
unect
06°11
06°1T1
Gre21

bge2l
ihe2T1
(VPR §
[UCRE ¢
Nheht

1343800

Ohetl
Uhegl
Oh*gT
08°¢1
00°*n1
0041

02*h1
0G*h1
08 h1
00°G7
ngeay

Oh°ST1
UL*GT
06°G1
02*91
0191

02°971
0n*97
UH*9T
uo°*LT
One Ll

GGQeLT
Dhe*LT
uer LT
JzrLt
tr AN

U691
Uh*9T1
U9*91
nzeLt
GTsT

4340102

0G6°91
0e*61
0¢ 61
06°871
08*q1

06°87
t0*e1
06°81
0161
08°8T

09°91
to*61
02°61
06°97
0987

ng*RY
09°81
19°81
0L°81
Ne6*81

Nh*6T
0L°61
0661
ne*one
Oh*02

cLeoe
G602
no*oe
ng*61
n1*02

331 d3S

00°0¢e
ot*oc
he0e
06°02
ng*ne
nee«oze

ne*oc
0h*0e
ng*ne
05 0e
0L*02

n9*0e
nge*o0e
ate1e
00°T12
06°02

0ge0e
ngene
0t*o¢
N6*61
0961

01°*61
06°9T
0681
nge*er
aeg*ol

n2ge*6t
0g*6T
C1°61
01°61
N6°*81

15n9Ny

06°71
00°971
0¢c*f1
01 °*RT
or°e1
0g*LT

0p°lT
dI6*LT
0L LT
0G°* LT
0h°LT

0z°LT
on°LT
0z°L1
00°LT
oR*o1

op*at
0a*91
0h°*CT
0p*°1
0R"G1

09°GT
0G°C1
09°G1
20°°1
0z°°1

02°97
o1t
0n*a7
0.°GT
0G"GT

2

0¢°ST
0e2°St
00°ST
0L°hT
Oh°hT

02 h1
0G°hT
oc*hT
og ht
og nt

0G°HT
0G°*h1
02 hl
00*ht
06°CT

0L°CT
0G°¢eT
0g¢°sT
og°el
09°%

0L°¢T
03°¢t
09°¢1
0h°ET
0eg ¢t

U o §
0p°¢T
03°2T
00°¢T
0L°2t

E

3qy-'9T1IN3D S334930

(IFAA
0L 11
06°T1
0811
00°2t
06°TT

00°¢1
og*ct
0L°¢ct
06°21
00°¢l

AR
0T°¢T
08¢t
06°¢c1
or°etl

0b* 21
06°TT
0c* 11
09°*ut
0L°GCT

0o°1t1
0e*ct
00°21
0S°*T1
uT°1tl

oo°*Ttr
0L°0T
0¢*ut
09°0T
0/*b

AVii

$Q05vd

02*6
0f*6
0L*3B
0o°*8
0S°*8

Oo*y
0c*6
0s*@
0g*®
00°8

06°L
0g*9
05°6
Oh*e
02*6

06°g
0L*9
0V
ov*e
0T'v

0c*e
00‘o
0oy
04*8
0e°'y

oLy
oy*g
01*o
01 L
0n*Y

11 .dv

HIATY JIHWNTND FHNLVUIdWIL 39VdIAT ATIIva

06°9
06°9
01°L
09°*¢L
09°L
00°L

0G°9
0S°9
06°*9
06°*9
0L°9

08°9
02°9
00°9
0c°*9
05°9

00°9
06°9
00°*L
0G°9
ui*9

0B°*g
0¢°*9
0T°9
0h*9
0x*L

09°9
(]
059
0,°9
0t1°L

HOHY

ige* L
HYRV]
0L°9

0g*«
Op*Q
Dmc C
09°*9
g G

N
Apea
4g*9
g9
ugea

:N-J
vpta
tgrl
g*L
01°L

.VWN.N
2g*q
0g*Y
Gg* L
01y

Ne*L
Ol
Gt L
gL
urtL

R RITE

0L*L
08¢
01°9
oh*L
ou*L
Ni*L

0o*9
0c*L
00°*L
0t1°*L
0g*L

(U2
0¢°L
Oh*L
N6 L
Ny L

09,
ot*L
OtieL
ngeL
0e-L

0s°*L
OheL
Nu*9
NReO
nge*3

06* 9
0L
Nk
09+,
0L*L

AMYY T

o

- JM T

‘a6t

3.34



DAILY AVERAGE TEMPERATURE COLUMBIA RIVER
PASCOr DEGREES CENTIGRADE

1964 JANUARY FEBRUALY MARCH APRIL MAY JUNE JuY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBEP
1 6610 4.50 6.10 7.00 11,00 13,40 15,00 18.90 18.40 17.90 1300 9,60
2 €20 4.90 6420 6.90 11.40 13.70 15,00 19.10 18.40 17.0n 13.00 9.50
3 600 5430 6.20 6.80 11.80 13.90 15,20 19.00 18.80 16.60 1330 9.70
4 5eR0 5460 6.80 6.00 12.00 14,20 15.70 19.40 18.90 16,60 13.10 10.00
5 5.70 5460 6.60 6.80 11.70 14,60 16.20 19.50 18.80 16.60 13.00 9.7n
5 5e60 5.10 6.10 6450 11.90 14,90 16.50 18490 19.10 16.20 12430 9.40
7 5450 44,70 6.10 6490 11.70 14,20 16.90 18.90 19.60 16.10 12430 9.50
6 550 4,50 5.80 8.00 11.80 14,10 17.00 19.00 19.80 15.76 1230 9.2n
9 6430 4,20 5.80 B.60 12.10 14,00 17.20 18.90 19.70 15.20 1240 .10

10 5.90 4,00 5.70 8.80 12.70 14,00 17.10 18.90 19.40 15.30 1210 9,50
11 5.00 3.90 5.60 9,00 12.70 13,60 17.10 19.30 19.30 15.30 1230 8.90
12 4.R0 4,00 530 8460 13,50 13.60 16.80 19.56G 19.60 15.00 12.20 £.50
13 4.90 4,20 5.30 8430 13.80 13.80 16.60 19.00 19.10 14.40 1180 te30
14 490 3.90 5.40 8.10 12.70 13.80 16.50 18440 18460 14,30 11.70 8.10
15 5.00 3.70 5.40 8.30 12.10 13.90 16.40 18.70 18.20 14,00 1160 6.00
16 5.60 3.70 5.40 8430 12,70 14,00 16.40 18+70 18.10 14.20 11.20 8.10
17 5.30 3.80 5.60 8.10 12,70 14,20 16,40 18.50 18.30 14,70 11.20 8.00
18 5430 3.60 5450 8.10 12,90 14.10 16.30 18.30 18.00 14.70 11«40 7.50
19 5460 4.50 5430 7.80 13.30 14,10 16.60 18.10 17.40 14.40 11.50 7.40

20 6420 5.70 5.60 8,10 13,40 14,00 16.50 18.10 16.80 14.10 1150 6.90

21 6.90 5.60 5.90 B.60 12.80 13,90 16.70 18420 16.40 14,30 11.50 6.70

22 7.10 5450 5.90 10.10 12.80 14,00 lo.80 18430 16.20 14.70 11.00 6.80

23 7.00 5460 6.10 9430 12.90 14.30 16.90 18.30 16.40 14.70 10.80 6.80

24 6+50 610 6440 9.40 12.80 14,60 17.20 18.00 16.80 15,09 10.50 7.20

25 6420 660 6460 9.20 12.70 14,90 17.60 17.80 17.20 14,90 10+50 7.00

26 5.80 6490 6,40 9.90 12.60 15,20 17.80 17.90 17.40 14.20 1049 6.60

27 4460 6.50 6.70 10,70 12.70 15,30 18.00 18430 17.50 13.70 10.20 6,40

28 4,00 5.90 7.10 11,80 12.80 14,90 18.60 17.90 17.30 13.90 10.10 5.39

29 4,30 6400 7.30 12.50 12.90 14.50 19,20 18.20 17.50 13.80 9.80 3.30
30 4,30 7.10 11.70 13.10 14,60 19,10 18440 17.90 13.50 9+90 2.60

31 4.40 7.00 13.20 18,90 18440 13.40 2.60
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4?7 /767 JANUARY

CWOWENE UVFOUNE

TABLE 4.

730
7.20
7.30
7.30
7.20

7.20
7.20
7.20
7.20
7.20

6470
6.70
6.70
6.70
6470

650
6.70
670
670
610

670
6.70
6+70
640
670

6.70
6.u40
6.10
6010
6410
6410

FEBRUARY

6.70
6'10
6.10
6.10
6.70

6.70
6010
6.10
6.10
5.80

5.60
5.60
5.60
560
5.60

5.60
5.60
5.60
5.60
5.60

5.60
5.60
6.10
6.10
6.10

5.80
5.60
5.60

Priest Rapids 20-Year Average of Daily Maximum Temperature

in Degrees Centigrade for the Years 1947 Through 1967

MARCH

5.60
5.30
5.00
5.00
5.00

5.00
5.60
5460
5.60
5.60

5.60
5.60
5.60
5460
5.00

4.80
5.00
5.20
5.30
5.10

520
5.20
5.30
5.30
5.60

560
5.60
5.60
6.00
6.10
6.60

APRIL

6470
6.70
7.00
660
6.70

6.90
7.20
7.50
7.70
8.00

7.70
7.70
7.40
7.80
8.10

B.40
8460
8410
8.00
8.00

8.10
8440
8460
8.+80
8.70

8.50
8.70
9.00
9,40
S.60

MAY

9.60
9.60
10,00
9.70
10.00

10.30
10.20
10.50
10.40
10.20

10.30
10.20
10.40
10.40
10.40

10.60
10.80
11.00
11.20
11.50

11.70
12.20
12.30
12.50
12.80

12.80
12.80
13.30
13.30
13.30
13.30

JUNE

13.10
13.10
13,30
13,60
13.90

14,20
14,40
1y.40
14,40
15,00

14,70
14,70
15,00
15,00
15,00

15,00
15,00
15,60
15.60
15.60

15,60
l6.10
16.10
15.90
15,30

15.60
15,60
15.60
15.60
15.60

JuLY

15,60
16,10
16.10
16,10
16,30

16,70
16.70
16,90
17.20
17,20

17.80
17.80
17.8¢0
18.10
17.30

17.60
17.90
18,30
18,30
18.90

18,90
13.90
18,90
158,90
18,90

18,60
18.70
18,90
19,20
13.90
18,90

AUGUST

19.40
19.20
19.40
18.40
18.60

18.90
18.90
19.00
18.90
19.40

19.40
19.30
19.50
19.40
19.50

13.40
19.20
19.40
19.70
20.00

20.00
20.00
20.00
20.00
20.00

19.40
19.40
19.“0
19.40
19.40

19.40

SEPTEMBFR

19.40
19,20
18.90
18.90
18.90

18.90
18.90
19,40
19.40
19.40

19.40
19,40
19.20
18.90
18.90

18.90
18.90
18.60
18.60
18.60

18.30
18.30
18.30
18.10
18.10

18.1¢0
18.30
18.40
18.30C
18.30

OCTORER NOVEMBER

18.30
18.30
18.30
18.30
18430

18.30
18.19¢
17.80
17.30
17.30

17.20
17.20
17.20
16.90
17.20

16.90
16.70
16.70
16.70
16.10

15.80
15.80
15.80
le.10
16.70

16.10
16.10
15.00
15.00
15.00
15.00

14470
1440
14490
1440
1390

14440
14470
14440
13.90
13.60

13.30
13.30
13.60
1330
13.60

13+30
13.30
13.30
12.80
12.80

12.80
12.80
1220
11.70
11.10

11.10
11.10
10.60
10.60
1060

DECEMRER

10.60
10.60
10.60
10.60
11.10

10.60
10.60
10.60
lo.00
10.00

10.00
10.30
10.00
10.00
10.00

10.00
9.70
9.70
9.70
9.40

9.“0
9.20
8.90
8.60
8.60

8.30
8.30
7'80
7.20
7.20
7.30

1Y
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TABLE 5. Priest Rapids 20-Year Average of Daily Minimum Temperature
in Degrees Centigrade for the Years 1947 Through 1967

u7/67 JANUARY  FEBRUARY MARCH APRIL MAY JUNE JubY AUGUST SEPTEMBFR  OCTOBER NOVEMBER DECEMBER
1 3.60 1.10 1.90 3,30 5.60 10,00 11.70 15.60 16.40 15.00 12.80 8.60
2 3.80 1.10 1.70 3.60 5.60 10.00 11,70 15,60 16.20 14,70 12.50 8.60
3 4.10 1.10 1.90 3.60 6.10 10.00 12,20 15,80 16.30 14.70 12.20 8.30
4 3.90 1.10 1.40 3.60 6.10 10.30 12.80 15.80 16.30 14,40 12.20 8430
5 3.90 1.70 1.40 3.60 6410 10.60 12,80 15.60 16.50 14.20 11.70 8.10
6 3.90 1.70 1.70 3.90 6.10 10.60 12.80 15.60 16.70 14.20 11.70 7.80
7 3.90 1.70 1.70 3.90 6460 10.80 13,30 15,60 16.70 14.20 1160 7.20
8 3,90 1.79 1.90 4.00 660 10.80 13,30 15.80 16,50 15.00 11.50 7.20
9 3.90 1.70 1.70 4.10 6.90 10.60 13,30 16.10 16.40 14,60 11440 7.20
10 3.90 1.90 1.90 4,10 690 10.60 13.30 16.10 16.30 14440 11.30 7.20
11 3.90 1.90 2,20 4,20 7.20 11.10 13.30 16.10 16.40 14.10 10.90 6.80
12 3.90 2.20 1,70 4,20 7.80 11.10 13,30 16410 16.50 13.90 1090 6.40
13 3.60 1.90 1,90 4.20 7.80 11.10 13.30 16.70 16.40 13.90 890 6.20
14 3430 1.10 1.90 4,40 7.90 11.10 13,30 16,40 16.40 13.90 8460 6.20
15 2.80 1,10 2.50 4,40 8.30 11.10 13.30 16.40 15.80 13.90 8+90 6.10
16 2.80 1.19 2.80 4,40 8.30 11,10 13,60 15.60 15.60 13.90 8+30 6410
17 3,10 «80 2.80 4,40 8.10 11,10 13.90 15.60 16.10 14,00 8.10 5.40
18 3.10 1.10 2.80 4.40 8.10 11.10 13.90 15.80 16,10 13.80 890 5.30
19 3,10 1.10 2.80 4.70 7.80 11,10 13,60 15.80 16.10 13.60 8.90 5.00
20 2.40 1.1 2.80 4,70 8.10 11.10 13,90 16410 15.90 13.20 8+90 4.70
21 2.20 1,40 2.80 5.00 8.60 11.10 13,90 15.80 15.80 12.80 8+90 4.10
22 240 1.70 2.80 5.00 8.60 11,10 13.90 16410 15.90 12.80 9.20 4,20
23 2.50 1.90 3.10 5430 8.90 11.40 13,90 16410 15.80 12.80 9410 4.50
24 260 1.90 2.80 5.00 8.90 11.70 14,40 15.60 16.10 12.80 890 4,40
25 2.70 1.70 2.80 5.00 9.40 11,70 14,40 15.60 16.00 12.80 8:70 3.60
26 1+70 1.70 2.80 5400 8.90 11.70 14,40 15.60 16.10 12.20 8elQ 3.40
27 1.70 1.70 2.80 S+00 9.40 11,40 14,70 15.80 16.10 12.80 8430 3.30
28 2.20 1.90 3.30 5.00 9.40 11,40 14,40 15.80 15.60 12.80 830 3.30
29 2.20 3.30 5+60 9440 11.70 14.40 16.10 15.00 12.20 830 3,60
30 .70 3.30 5.60 9.70 11,70 15,00 16.10 14,70 12.80 8430 3.60
31 1.10 3.30 9.70 15,60 16430 12.80 3.60

SYET-"TMNE
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LEAST-SQUARES FITTED CURVES

The following least-squares fitted curves, Figures 6
through 31, were made using the observed temperatures, at Ice
Harbor on the Snake River and various sites on the Columbia.
Using the available analytical techniques of the Pacific
Northwest Laboratory (Battelle-Northwest), it was possible to

utilize this data in a least-squares curve fitting routine.

The general success of this method of least squares
analyses has permitted the generation of a series of
least-squares-fitted functional models to be used with daily
flows, dew points, Langleys, air temperature, water tempera-

ture or other water quality data.

For temperature correlations, the function T = A + B sin
(Cd + D) originally used in oceanography and described by
Ward(z) was adopted because of the excellence of representation
of annual temperature data afforded by its use. 1In the opera-
tions research supporting this study, the data points were
grouped by year from January 1 through December 31 using
365 or 366 days/year as appropriate. The data were then
analyzed by means of a nonlinear, maximum-likelihood, least-
squares-fit routine capable of handling nonlinearities and
saddle points reliably. This program makes use of numeric
rounding for accuracy, ill-conditioned matrix inversion logic,
and statistical determination of saddle points on the para-
metric surface. In addition, it contains a two-stage recovery
logic. If the usual first order approximation fails, the
routine tries the second order terms of the multivariate
Taylor expansion. Failing this, the routine branches into a
series of approximations best described as ''reverse-and halve
the last change'" logic. The analysis of the data yields the
best-fit parameters and, in addition, produces the root-mean-

square error associated with that parameter estimate.
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Also included as output are a series of graphs drawn by
the CALCOMP plotter from magnetic tapes generated by the com-
puter. These plots include the observed data, the calculated
curve, and another pair of curves of plus or minus one standard

deviation on each side of the calculated curve.

If a function of the form T = A + B sin (Cd + D) is fitted
to annual temperature data, then C & 2#/365.25 4 0.017. As an
added check on the goodness of fit, this parameter was allowed
to vary in each case to see what value the computer would
calculate.

Table 6 shows a series of values of four parameters for a
series of data points from International Border, Northport
site, to Beaver Terminal for calendar years 1964 through 1969.
Included are calculations from data supplied by other agencies
for Chief Joseph, Ice Harbor, McNary, and The Dalles.
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B FIGURE 16. Least Squares Fit of Annual River Temperature
) Richland Columbia River Mile 338, 0, 1968.
T=11.70+ 6.87 sin (0.0171d + 3. 99}
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WATER TEMPERATURE,
10.00 15.00 20.00

5.00

0.00

o FIGURE 19. Least Squares Fit of Annual River Temperature
Pasco Columbia River Mile 329.0, 1969.
T= 1142+ 8.34 sin (0,0172d + 3.97)
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g D q q F 1
w] FIGURE 20. Least Squares Fit of Annual River Temperature
Ice Harbor Snake River Mile 9.7, 1969.
’ T = 11.84 + 9,65 sin (0.0172d + 3. 56)
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FIGURE 30. Least Squares Fit of Annual River Temperature
Longview Bridge Columbia River Mile 66. 0, 1969.
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TABLE 6. Least-Squares Fit Expressions Using
the Single Function T = T + B sin

(Cd + D)
January - December
Model Comp. Daily Peak
Temp, Mean Extreme Shift-C Shift-D
°C A, °C B, °C Radians Radians
International Border 1966 T = 9.29 6.66 0.0178 3.70
(Northport) 1967 9.64 6.64 0.0181 3.81
1968 8.83 6.56 0.0193 4.01
1969 9,36 8.14 0.0172 3.97
Grand Coulee 1964 T = 10.6 5.7 0.0180 3.47
1965 10.4 7.2 0.0164 3.75
1966 10.40 6.48 0.0165 3.67
1967 10.98 6.95 0.0173 3.51
1968 10.39 6.88 0.0166 3.78
1969 10.09 7.84 0.0172 3.92
Chief Joseph 1964 T = 10.50 6.52 0.0176d 3.46
1965 10.62 7.40 0.0165d 3.77
1966 10.71 6.51 0.0166d 3.69
1967 11.33 6.74 0.0175 3.48
1968 10.46 6.49 0.0165d 3.82
1969 10.76 7.99 0.0172 3.73
Rocky Reach 1964 T = 10.47 6.32 0.0180 3.55
1965 10.46 7.29 0.0169 3.77
1966 10.43 6.53 0.0166 3.80
1967 11.05 6.98 0.0177 3.58
1968 10.24 7.06 0.0167 3.90
1969 10.45 8.26 0.0172 3.83
Priest Rapids 1964 T = 10.57 6.48 0.0178 3.72
1965 10.64 7.40 0.0169 3.87
1966 10.65 6.63 0.0166 3.95
1967 11.31 7.00 0.0180 3.63
1968 10.56 7.04 0.0170 3.94
1969 10.63 8.24 0.0172 3.91
Richland 1964 T = 12.20 6.25 0.0176 3.78
1965 12,12 6.99 0.0172 3.86
1966 12.04 6.24 0.0163 4.04
1967 12.63 6.69 0.0183 3.63
1968 11.70 6.87 0.0171 3.99
1969 11.24 8.39 0.0172 3.94
Pasco 1964 T = 11.80 6.09 0.0177 3.78
1965 11.88 7.27 0.0170 3.90
1966 11.94 6.34 0.0164 4,02
1967 12.53 6.67 0.0185 3.60
1968 11.61 6.82 0.0169 4.00
1969 11.42 8.34 0.0172 3.97
Ice Harbor 1964 T = 11.31 8.53 0.0181 3.83
1965 11.78 8.39 0.0173 4.01
1966 12.41 9.08 0.0175 4.00
1967 12.87 9.13 0.0186 3.72
1968 12.09 8.59 0.0180 4.00
1969 11.83 9.65 0.0172 3.56
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TABLE 6. (contd)

January - December

Model Comp. Daily Peak
Temp, Mean Extreme Shift-C Shift-D
°C A, °C B, °C Radians Radians

McNary 1964 T = 11.92 6.88 0.0178 3.79
1965 T = 11.97 7.64 0.0165 4.09

1966 T = 12.21 7.16 0.0165 4,09

1967 T = 12.90 7.33 0.0182 3.67

1968 T = 11.89 7.21 0.0168 4,06

1969 T = 11.75 8.69 0.0172 3.97

Umatilla 1969 T = 11.52 8.86 0.0172 4,02
John Day - Biggs 1969 T = 11.60 8.91 0.0172 4.04
The Dalles 1964 T = 11.70 7.03 0.0178 3.90
1965 T = 11.87 7.74 0.0166 4.11

1966 12.12 7.16 0.0166 4,14

1967 T = 12.91 7.56 0.0182 3.75

1968 T = 12.01 7.61 0.0172 4.05

1969 T = 11.76 9.12 0.0172 4,03

Bonneville Dam 1964 T = 11.62 6.97 0.0180 3.89
1965 T = 11.75 7.70 0.0165 4,15

1966 T = 11.93 7.20 0.0165 4,17

1967 T = 12.99 7.46 0.0183 3.74

1968 T = 12.14 7.63 0.0171 4,08

1969 T = 11.84 9.11 0.0172 4.04

Warrendale 1968 T = 11.81 7.8 0.0170 4,12
1969 11.51 9.14 0.0172 4,06

Longview 1969 T = 11.51 8.23 0.0172 4.11
Beaver Terminal 1969 T = 11.82 8.64 0.0172 4.14
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APPENDIX A

RELATED STUDIES

Tables A-1 and A-2 show weather factors and dewpoint at
Hanford. Flow of the Columbia River from Trinidad, just below

Rock Island Dam, to Priest Rapids for 1954 through 1969 1is
shown in Table A-3.

Figures A-1 through A-8 depict the least-squares-fit
curves of the Columbia River flow and the Hanford solar radia-

tion, dewpolnt and air temperature for 1964 and 1965.
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TABLE A-1.

Weather Factors at Hanford

Temperature Solar Radiation
Rank r Rank T
. T vay Low . .R. D?y LPW T, + T
Year Function, °F max max High Function (Langley) max max High 1 2
1955 51.68 23.07 sin(0.0172d + 4.39) 74.75 201 3 360.5 + 275.9 sin(0.0172d + 4.79) 636.4 178 3 6
1956 53.74 24,06 sin(0.0172d + 4.43) 77.80 199 10 354.7 + 290.4 sin(0.0168d + 4.90) 645.1 176 4 14
1957 53.23 23.80 sin(0.0172d + 4.43) 77.03 199 7 388.5 + 288.3 sin(0.0177d + 4.71) 676.8 177 13 20
1958 57.29 23.03 sin(0.0172d + 4.45) 80.32 197 13 370.7 + 299.3 sin(0.0168d + 4.86) 670.0 178 10 23
1959 53.46 21.32 sin(0.0172d + 4.48) 74.78 196 4 376.7 + 281.6 sin(0.0172d + 4.89) 658.3 173 9 13
1960 53.77 23.89 sin(0.0172d + 4.40) 77.66 201 9 381.7 + 292.8 sin(0.0171d + 4.85) 674.5 175 12 21
1961 55.98 22.52 sin(0.0172d + 4.51) 78.50 194 12 381.1 + 293.4 sin(0.0174d + 4.71 674.0 180 11 23
1962 54.43 20.26 sin(0.0172d + 4.35) 74.69 203 2 361.9 + 293.3 sin(0.0168d + 4.92) 655.2 169 8 10
1963 54.60 22.60 sin(0.0172d + 4.36) 77.21 203 8 370.6 + 278.8 sin(0.0179d + 4.63) 649.4 180 6 14
1964 52.87 20.63 sin(0.0172d + 4.40) 73.50 200 1 365.1 + 283.8 sin(0.0168d + 4.91) 648.9 175 ) 6
1965 54.68 21.12 sin(0.0172d + 4.40) 75.81 200 6 367.1 + 284.2 sin(0.0167d + 5.01 651.3 170 7 13
1966 55.83 18.92 sin(0.0172d + 4.38) 74.86 199 5 341.7 + 288.0 sin(0.0161d + 5.09) 629.7 171 2 7
1967 57.21 20.79 sin(0.01724 + 4.29) 78.00 206 11 366.6 + 259.8 sin(0.0178d + 4.66) 626.4 179 1 12
Mean 76.53 Mean 654.0
o} 1.80 o 12.4
Correlation Coefficient = 1/2 = 0.410

o Ixy
[(x 9Ty 1

SYET-TMNY
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TABLE A-2. Dewpoint at Hanford Modeled to General Function:
T=T+ B sin (Cd + D)

Calendar Computed Value, °F
Year Function Model T Max T Min
1955 T = 36.6 + 10.7 sin (0.0199d+3.56) 43.3 21.9
1956 T =33.3 + 11.0 sin (0.0169d+4.36) 44.3 22.3
1957 Not Available
1958 T = 38.9 + 8.5 sin (0.0205d+3.88) 47.4 30.4
1959 T =32.2 + 8.0 sin (0.0170d+4.1) 40,2 24.2
1960 T =29.4 + 12.5 sin (0.0126d+5.2) 41.9 16.9
1961 T = 37.4 + 9.1 sin (0.0206d+4.0) 46.5 28.3
1962 T =32.4 + 11.1 sin (0.0126d+4.94) 43.5 21.3
1963 T =23.5+ 21.3 sin (0.0096d+5.89) 44.8 2.2
1964 T =32.9 + 10.3 sin (0.0198d+3.49) 43.2 22.6
1965 T = 33.8+ 9.1 sin (0.0181d+3.7) 42.9 24.7
1966 T = 33.9 + 7.9 sin (0.0178d+3.7) 41.8 26.0
1967 T = 34,8+ 9.0 sin (0.0189d+3.9) 43,8 25.8
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TABLE A-3. Columbia River Flow: Trinidad-Priest Rapids
Flow = A + Be—[(d_C)/E]2
Volume in
Year Function, kcfs Thousands Acre-Feet
1954  69.2 + 351.86-[(d_177'1)/46'8]2 107,900
1955  75.5 + 341.06'[(d'185'3)/31'1]2 92,000
1956  71.2 + 373.86'[(‘1‘159'7)/45'2]2 11,070
1957  69.3 + 331.06'[(‘1'154'2)/30'0]2 85,140
1958  72.9 + 288.26‘[(‘1'159'6)/29'9]2 82,670
1959  98.5 + 295.46'[(d'172'3)/4°'4]2 113,200
1960  68.9 + 220.96'[(‘1'170'7)/52'0]2 90,970
1961  76.5 + 407.16'[(‘1'163'8)/27'4]2 94,870
1962  69.5 + 199.86_[(d_167'3)/46'2]2 81,890
1963 73.3 + 207.86_[(d_173'1)/35'3]2 78,782
1964  69.5 + 349.26‘[(‘1‘176'7)/35'1]2 92,990
1965  76.7 + 236.46'[(d'165’5)/46'1]2 95,130
1966  69.3 + 217.36'[(‘1‘172'0)/43'2]2 83,310
1967  81.5 + 389.96-[(d_173'9)/28'7]2 97,950
1968  87.0 + 218.66'[(d'177'8)/30'8]2 86,530
1969  90.8 + 169.06_[(d'151'9)/54'1]2 97,520
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APPENDIX B

Lt AST-SQUARES FITTING PROGRAM LEARN

D. A. Kottwitz

The nonlinear least-squares fitting program LEARN is a
direct descendant of the computer program MISFIT, which was

used in previously reported river studies.(Bl)

The principles
on which LEARN is based are given in Reference B2, and instruc-
tions for practical use are given in Reference B3. In this
appendix we shall concentrate on those features of particular

interest in the present work.

The calculations reported here were performed over a period
of several months by means of three closely related FORTRAN V
(UNIVAC 1108) versions, designated LEARN-I—A,(BZ) LEARN-I-B,
and LEARN-I-C. These evolving versions differ from the original
in two major respects. First, the iterative portion of the
program, in which the least-squares minimum is sought, has been
extensively modified to increase the reliability and speed of
convergence. This improvement in performance is due to the
use of improved saddle-detection,. step-reversal, step-reduction,
and gradient techniques. The second major difference is an
increase in the flexibility of control of the CALCOMP plotter
output. The other important features of the program, including

the basic structure and the statistical analyses, are unchanged.

Two variants of the temperature-fitting program are 1in use.
In the first variant, all four parameters in the fitting function
are adjustable; in the second, the frequency parameter is held
fixed at a value specified by the user (normally about
21/365.25 = 0.0172 radian/day). Of course the four-parameter
fit is better, but the frequency so obtained may not be

""reasonable."
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In both variants of the temperature fitting program, the
average temperature is explicitly calculated. For cross-
checking this is done in three ways: (1) analytically from the
fitted parameters, (2) approximately by summing the input data
values, and (3) approximately by summing the corresponding
discrete fitted values. The values obtained in this way

usually agree to four or five significant figures.

REFERENCES

Bl. R. T. Jaske and J. B. Goebel. "Effects of Dam Construction
on Temperatures of Columbia River," J. Am. Water Works
Assoec., vol. 59, pp. 9356-942. 1967.-

B2. B. H. Duane. Maximum Likelihood Nonlinear Correlated
Fields (BNW Program LIKELY), BNWL-390. Battelle-
Northwest, Richland, Washington, September 1967.

B3. G. D. Seybold. User's Aid: Programs LEARN and LIKELY,
BNWL-1057. Battelle-Northwest, Richland, Washington,
May 1969.
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APPENDIX C

SUMMARY OF EFFLUENT MIXING STUDIES

Commencing with the initiation of operations at Hanford,
the dispersion of plant effluents into the Columbia River in
relation to public safety has been the subject of intensive
study. In the early days, the use of boat traverses or floats
constituted the state-of-the-art in the development of early
models which described effluent mixing. Early investigators
such as Glover(C1) and HONSTEAD (unpublished) produced satis-
factory expressions for the one-dimensional description of
radionuclide dispersion. This was relatively easy because the
fine structure of mixing was unaffected by the effluent tem-
perature and the means for measurement of radiation gave many
orders of magnitude of concentration as compared with a rela-

tively narrow span for thermal modifications.

In 1964 Corley initiated an intensive program to describe
the thermal regimen of the river close-in to the reactor dis-
charges. The results of this work are summarized in Figures C-1
and C-2. Hundreds of hours of boat time and a great deal of
planning were required to coordinate the research operations
with the plant operations and the regulated flow changes of
the Columbia River. The results had to remain classified
until the spring of 1969 when the Office of Classification
began a series of administrative actions which have permitted

the disclosure of much previously classified documentation.

Beginning in 1966 and continuing to the present, Battelle-
Northwest has developed remote imagery technology which has
obsoleted the old methods of boat surveys except for the
essential purposes of calibration and vertical concentration

sounding. The mixing action at the point of discharge to a
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distance of 300 yards downstream has always been too difficult
to measure because of the combination of river and effluent
turbulence and the size of the system under investigation.

The use of remote imagery now permits real time analysis of
thermal releases and the compression of data collection costs
and time by orders of magnitude. Figures C-3, C-4 and C-5
illustrate the type of real-time data which can be generated

by a single time frame of imagery using advanced computer
analysis techniques under development at Pacific Northwest
Laboratory. These data also permitted advances in the develop-
ment of mathematical models of dispersion in two dimensions

and the first realistic attempts to model the mixing zone imme-
diately at the point of discharge. The findings that cold
effluent releases always disperse less rapidly than warmed
releases remains to be corroborated by additional investigators,
but this finding and that of the estimate of lateral dispersion
discussed below would not have been possible without the use

of advanced computer systems for the visual representation of

remote imagery.

These determinations of temperature gradients are limited
to two dimensions using present state-of-the-art technology
and must still be supplemented by boat or buoy surveys to
determine vertical current and concentration gradient profiles.
However, using these two-dimensional methods and supplementing
them with surface probing, information of the type shown in
Figures C-3, C-4 and C-5 can be developed. These figures are
engineering drawings of the concentration isopleths in the mix-
ing area below the discharge of the 100-K production area at
Hanford. The mathematical treatment of a series of data plots
of this type on a real-time basis permits vastly improved
insight into the physical mechanics of the mixing process.
The significance of improved understanding of the physical mix-
ing regimen cannot be overstated in the light of new standards

limiting temperature differentials of mixing zones.

C.4
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STUDY OF THE MIXING ZONE

Below a few hundred meters from the point of release, the
discharges in a relatively turbulent stream have been shown to
follow the classical work of Taylor; however, the use of a
single value of the dispersion coefficient for entire reaches
of the sample stream can produce erroneous results. A solution
of the Taylor expression:

e we, 8%
ot X X aXZ
where ¢ = the cross-sectional mean concentration
u = the mean flow velocity
t = time
X = distance in the direction of mean flow
Dy = longitudinal dispersion coefficient
Kx = a scaling factor proportional to CO, the

original concentration can be written:

K (x - ut)?

C(x,t) = —17 exp - Tqpg
t X

Then, estimates of the variables Kx’ D and u were obtained

from a series of reaches for which rea?-time concentration data
have been accumulated using a nonlinear least-squares fitting

method developed at Pacific Northwest Laboratory(cz) and
modified by Kottwitz (unpublished). The special program

called LEARN/DISPERS employs the general relationship:

Ay ) ((x _ Alt)z (y - Ast)z (z - Ast)z)
c = exp - + +
E;a;177 P It (&, TA, A1
where X, ¥y, z = space coordinates
Al’ A3, A5 = convective speed parameters
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2 A4, Ag = dispersion coefficients

b
o~
] I

amplitude (concentration) parameter
number of space dimensions, e.g.,
if d = 1, y and z terms are omitted
if d

if d = 3, all terms are included.

2, z term is omitted

The resulting program is capable of fitting separately
a set of data for any number of discrete locations or fitting
sequentially several sets of consecutive data sets. In addi-
tion to the numerical determination of the parameters, the
program plots the results or graphical interpretation. An
example of the output of such an analysis is shown in
Figure C-6. The numerical values obtained indicated that the
combination of remote sensing for concentration input and the
use of improved evaluation of DX with relation to stream

reach gives improved insight into predictive computations.

At present no well developed theory exists for predicting
mixing in the lateral direction. Data summaries have been
generally in the form which estimates the value of Dy as

follows:

D= 0.23 U_h
y X

where h
U

X

the depth of flow

mean velocity of a vertical transect.,

In 1967, using boat data measured in the Hanford effluent
plumes, Jaske(cs) developed an expression which correlated
the spreading velocity as a function of downstream travel
time t

a exp - (b x)

ch
1}
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where y, X = spacial parameters in consistent time frame
t = time
a, b = experimental constants.

Using this expression, the external edge of the spreading
mixing zone could be accurately predicted to the point where

only one-dimensional effects became paramount.

Currently, using the dye imagery discussed above, a new
approach has yielded additional insight into numerical values
of the lateral dispersion coefficient Dy‘ If the assumption
that the lateral distribution is Gaussian can be made,
(generally true for reaches where momentum effects from the
discharge jet or initial density differences are zero), the
width of the plume at any distance (x) from the point of
release can be described as:

where O(x) = space variance at some distance from the
release point
op = space variance due to the initial convective
mixing
oy = dispersion represented by the diffusion process

then

_ 1/2
Oy = (ZDyt)

where Dy = lateral diffusion coefficient (ftz/sec).

Using the theory of convolution and making the further
assumption that 95% or 40 of the tracer is the extent of
the conservation of tracer to be included, it 1s possible to
state:
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where W( )y = plume width at a distance x from X,

X
WO = initial width at tracer release point
X, = origin of the diffusion process
then
2 2 2 2
W - W W - W
Dy = : AX ! or (i) X >
ax - _Xo
32 (=) 32(=—=—")

under the assumption that the conveyance velocity is uniform.
Evaluations of the size of the spreading plume were made for
both hot and cold conditions, all other effluent flow conditions

being constant. The results are summarized in Table C-1.

TABLE C-1. Summary of Lateral Diffusion Coefficients

River Flow

3 Efflpept D mz/sec 2
(cumec) ft“/sec Condition y ft“/sec
1,420 50,108 Cold 0.177 1.9042
2,850 100,560 Cold 0.184 1.9799
2,270 80,100 Hot 0.492 5.2931
3,130 110,450 Hot 0.680 7.3157
4,120 145,380 Hot 0.271 2.9155

The cases involving cold effluent or essentially neutral
bouyant conditions reveal a lateral diffusion coefficient
approximately equal to 0.18 mz/sec. These results agree well
(C1) Under

heated conditions, the lateral diffusion coefficient was

with the work performed independently by Glover.

generally higher. The assumption that dye particles are of
zero size can be made, and for very low dye concentrations,
(less than 10 ppb) the mixture of fluid and dye should have
essentially the same density and kinematic viscosity as the
normal, heated effluent. Therefore, the use of dye does not

change the hydrodynamic character of the heated or cold plume
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to any measurable extent. This being the case, the results
suggest that the thermal eddy diffusivity of the heated plume

is greater than the natural eddy diffusivity of the river for

the current ranges examined. This observation also suggests

that as the momentum of the receiving water increases, the dif-
ference between the two coefficients will decrease asymptotically
to a value identical with the eddy diffusivity of the river
itself. These tentative conclusions appear to indicate that
mixing from heated plums is greater in the cases where initial
momentum differences between the receiving stream and the point
of discharge are the greatest. This relationship has been quali-
tatively suggested in a number of publications and reports at
Pacific Northwest Laboratory and is the basis for the recommen-
dation that high velocity single point discharges are superior

to canal discharges as a means of minimizing the temperatures

of the mixing zone. This recommendation runs counter to stan-
dard design practice in many countries including the United
States.

For a full treatment of this concept, please refer to
"Dye Studies Through Use of Advancements in an Aerial Optical
Mechanical Imaging System," by J. R. Eliason and H. P. Foote,
BNWL-SA-3204, April 1970, and '"Dispersion Characteristics:
Columbia River Between River Mile 383 and River Mile 355,"
by J. C. Sonnichsen, R. T. Jaske and D. A. Kottwitz,
BNWL-1477 (in publication).

REFERENCES
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rials in Flowing Streams. U.S.G.S. Professional Paper
433-B, Washington D.C., 1962.
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Washington, June 1967. (Preliminary Report: "An Analysis
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APPENDIX D
SECTION I

EFFECTS OF HANFORD OPERATIONS
ON COLUMBIA RIVER TEMPERATURES*

J. P. Corley

*Declassified Exerpts from HW-80888,
dated December 3, 1964
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APPENDIX D
SECTION T

EFFECTS OF HANFORD OPERATIONS
ON COLUMBIA RIVER TEMPERATURES

J. P. Corley

INTRODUCTION

The effluent cooling water from the Hanford reactors
differs markedly from its Columbia River source in its high
temperature and chemical characteristics, as well as its
radioactivity content. The effluents disperse slowly after
discharge to the river; lateral variations being still measur-
able at Richland, some 30 miles downstream from the last
reactor at 100-F Area. Direct measurement of these changes
is difficult because of the uneven lateral distribution of the
effluents, the variations with time due to rapidly varying
water releases from Priest Rapids Dam, and external influences

of weather and tributary and ground water inflows.

Columbia River temperatures are receiving increased atten-
tion by régulatory agencies (as well as potentially affected
industries) because of the potential losses from increased
temperatures of aquatic life, especially salmon. Increasing
recognition of the thermal effects of dams in the rivers of
the Pacific Northwest does not change the position of Hanford
as the largest single man-made source of heat on the main stem
of the Columbia. Accurate assessment of the actual impact of
Hanford on river temperatures is, therefore, highly desirable.
Related areas of local interest include local effluent distri-
butions (for assessment of maximum concentration effects) and
the accuracy with which Hanford production rates can be esti-

mated from river temperatures (a plant security problem). In
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addition, detailed knowledge of changes in river chemical
characteristics caused by reactor effluents is desired to
evaluate the status of the river with respect to quality

- - - i - -
criteria for human consumption and for aquatic life.

A research and development project for study of the effects
of reactor effluent on Columbia River water quality 1is being
sponsored by the AEC Division of Production. Work was started
in October 1962. The first effort was aimed at furnishing an
immediate answer to a security question: how closely can
Hanford production be estimated by measurement of river tempera-

(D1) i

tures? An interim progress report gave the results of the
preliminary investigation. During the calendar year 1963, the
study was expanded to meet broader program objectives. This
document is a progress report for the year, covering the tem-
perature and effluent distribution phases of the program. Prog-
ress on the chemical characteristics phase of the program is .

(D2)

documented separately. The frontispiece shows the section

of the river under study.

SUMMARY .

The first and major objective of the study program is
determination of the net reactor heat effect on overall river d
temperatures. Progress during the year consisted primarily
of instrument procurement and data collection. Investigation
was started to determine the accuracy of existing upstream
and downstream temperatures at the same locations, the heat
losses from the effluent between the reactors and the river,
the effluent travel times, and the adequacy of meteorological
data from the Meteorology Tower for use along the river.
Specific items of interest found during the study included

the probable inadequacy of any shoreline location as a direct
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monitoring point for river temperatures, and the probable
existence of one or two points in every river cross section
which would consistently give the mean cross-section tempera-

ture with adequate accuracy (0.2 °C).

Figures D.I 1 to D.I 3 show the envelopes of cross-section
temperatures measured during 1963 at three locations. Note
that the temperatures across each section were plotted in all
cases as departures from the mean for a particular traverse.

The mean temperatures varied from 5 to 20 °C.

The F Area sewer temperature was recorded continuously
during September and October, 1963. This temperature cycled
between 2 and 10 °C higher than the raw water temperature,
and represents a total heat input to the river of less than
0.01 °C at all times. The data is summarized in Table D.I-11.

Downstream River Flow Rate Estimation

No progress was made on this part of the study for lack
of a satisfactory base. Recorded gage elevations when trans-
lated to river flow rates showed consistent errors when
compared with water release rates from Priest Rapids Dam as
reported by Grant County P.U.D. The source of this error had
not yet been found by the end of the calendar year. (Prior
to issuing this report, the major source of error was found
in a piece of mismatched equipment at the gage station. Correc-
tions have been made and satisfactory base flow data established
for proceeding with this part of the study.)

Flow Time Measurement

A total of five instantaneous dye releases were made from
various reactors from which time of travel measurements could
be taken. The travel time data is summarized in Table D.I-1.
The times of dye arrival were fairly close to those estimated

from Reference D3.

D.1.3
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TABLE D.I-2. Cross-Section Mean Versus Recorded Temperatures

Approximate Recorder Mean River AT (Recorder
Location Date Time River Flow, cfs Temp, °C  Temp, °C - mean)
300 Area 11-29-62 1330 80,000 10.2 10.2 0
2-12-63 0800 5.4 4.8 +0.6
4-2-63 1400 75,000 7.3 6.5 +0.8
4-18-63 1200 95,000 .0 7.7 +0,3
5-23-63 1130 80,000 14.5 13.9 +0.6
6-24-63 1100 285,000 16.2 15.2 +1.0
6-27-63 1100 280,000 16.8 15.8 +1.0
7-18-63 1330 230,000 18.0 17.3 +0.7
8-7-63 1300 105,000 20.0 19.6 +0.4
8-30-63 1800 ' 70,000 20.9 20.9 0
10-10-63 1100 70,000 18.1 17.7 +0.4
10-16-63 1630 60,000 18.8 18.8 0
10-29-63 1330 75,000 15.0 14.9 +0.1
10-31-63 1330 65,000 14.5 14.4 +0.,1
12-11-63 1400 75,000 8.3 8.2 +0.1
12-16-63 0930 50,000 9.5 9.5 0
Pasco 2-20-63 1630 85,000 .6 3 +0.3
4-3-63 1400 85,000 6.6 7 -0.1
5-8-63 1400 125,000 10.0 7 +0.3
5-16-63 1330 102,000 12,2 12.3 -0.1
6-13-63 1000 280,000 14.7 15.0 -0.3
6-18-63 1200 305,000 15.6 15.9 -0.3
7-11-63 1100 225,000 16.4 16.1 +0.3
10-10-63 1400 70,000 18.0 18.4 -0.4
12-9-63 1400 80,000 8.6 8.9 -0.3
12-13-63 1330 65,000 8.0 8.4 -0.4

D.I.8
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TABLE D.I-3.

River Temperature Traverses - Priest Rapids Gage

(River Mile: 395.4)
Date: 1-3-63 Date: 4-3-63 Date: 5-21-63 Date: 7-26-63
Time: 1120 Time: 1000 Time: 1200 Time: 1040
Nistance Distance Distance Distance
.~ Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Sho. yd ft °C Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
2 4 7.4 2 3 5.0 5 1 12.4 3 4 17.0
50 28 7.5 40 27 5.0 40 27 11.8 45 30 17.1
100 31 7.5 90 32 4.9 90 30 11.7 95 38 17.0
150 35 7.5 140 32 5.0 140 30 11.7 145 38 16.9
200 32 7.5 190 29 4.9 190 28 11.6 195 34 17.0
250 29 7.4 240 27 5.0 240 25 11.6 245 33 17.0
300 27 7.4 290 24 5.1 290 25 11.5 295 32 16.9
350 20 7.4 340 21 5.1 340 22 11.5 345 27 17.0
380 3 7.5 390 3 5.0 390 13 11.7 395 17 17.0
405 1 13.7 435 5 17.2
A, = 30,100 £t? A, = 28,700 ft’ A, = 28,900 £t A, = 37,400 £t
T = 7.46 °C T = 4.99 °C T = 11.65 °C T = 16.98 °C
m m m m
Gage = 7.3 °C Gage = 5.0 °C Gage = 11.65 °C Gage = 17.0 °C
NOTE: On Tables D.I-3 through D.I-10 the following nomenclature is used:
A, = cross section area, ft2
T~ = mean stream temperature, °C

Tpp = river temperature at Priest Rapids, °C

SYST-TMNG
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River Temperature Traverses - Reactor Areas

Location: Below 1904-K Location: Below 181-D Location: Below 181-D
River Mile: 381.5 River Mile: 376.3 River Mile: 376.3
Date: 8-22-63 Date: 8-22-63 Date: 8-22-63
Time 0830 Time: 0940 Time: 1000
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
S5 3 18.8 5 3 19.3 20 S5 19.4
100 8 19.0 15 4 19.3 70 19.4
130 11 19.2 25 6 19.3 100 9 19.35
175 19 18.9 55 8 19.3 115 10 19.4
230 31 18.9 95 9 19.3 135 10 19.4 ?
270 25 19.5 115 10 19.35 155 10 19.4
300 17 20.1 140 10 19.4 185 11 19.45
355 12 18.8 185 11 19.4 200 11 19.5 :
375 18.5 200 11 19.5 225 12 19.5
430 18.4 220 12 19.5 245 12 19.5
450 18.4 290 11 19.5 275 12 19.5
310 11 19.5 295 11 19.5 *
335 10 19.5 320 10 19.45
365 11 19.45 345 11 19.4
395 12 19.4 365 11 19.3 -
415 13 19.3 390 12 19.25
445 13 19.2 415 13 19.15 .
470 12 19.1 440 13 19.0
495 11 19.0 475 12 18.9
525 8 18.9 495 11 18.8 ¢
550 6 18.9 525 8 18.7
570 4 18.8 570 4 18.7
A, = 23,800 ft’ A, = 17,500 ft? A, = 17,300 ft?
T, = 19.04 °C T, = 19.32 °C T, = 19.25 °C
DA/avg/TPR = 18.2 °C Tpp = 18.2 °C TPR = 18.2 °C

D.I.10
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TABLE D.I-4. (contd) River Temperature Traverses -—
Reactor Areas

Location: Above 181-F Location: Above 181-F Location: Above 181-F
River Mile: 369.3 River Mile: 369.3 River Mile: 369.3
Date: 8-22-63 Date: 8-22-63 Date: 10-22-63
Time: 1120 Time: 1130 Time: 0915
Distance Distance Distance
from Plant Depth, Temp, £from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
25 13 20.25 45 23 20.2 5 5 17.3
55 28 20.2 80 41 20.15 25 11 17.45
70 36 20.2 100 40 20.15 50 26 17.5
90 41 20.15 120 40 20.1 85 35 17.5
110 40 20.1 150 37 20.0 135 33 17.5
135 39 20.1 165 33 19.95 185 23 17.25
175 31 20.0 200 28 19.95 210 19 17.2
190 29 19.95 225 25 19.9 235 17 17.05
215 26 19.9 250 22 19.9 285 12 16.95
235 24 19.85 275 19 19.9 310 9 16.85
270 20 19.8 295 18 19,85 335 8 16.9
295 18 19.8 320 16 19.8 360 7 17.0
320 16 19.8 350 15 19.7 385 6 17.0
350 15 19.8 370 13 19.7 410 4 16.9
375 13 19.8 400 12 19.8 435 3 16.85
400 12 19.75 440 11 19.8
425 11 19.75 500 6 19.85
455 11 19.8
480 10 19.8
At = 32,400 ft2 At = 32,200 ft2 A, = 22,900 ft2
Tm = 19.98 °C T, = 19.98 °C T, = 17.30 °C
DA/avg/TPR = 18.2 °C DA/avg/TPR = 18.2 °C DA/avg/TPR = 15,6 °C
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TABLE D.I-4. (contd) River Temperature Traverses -
Reactor Areas

Location: Above 181-F Location: Above 181-F Location: Above 181-F
River Mile: 369.3 River Mile: 369.3 River Mile: 369.3
Date: 10-22-63 Date: 10-22-63 Date: 10-29-63
Time: 0950 Time: 1005 Time: 1045
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 5 17.5 5 5 17.55 5 5 15.5
25 18 17.5 25 18 17.5 25 20 15.6
50 24 17.5 50 18 17.5 50 29 15.6
85 34 17.45 85 32 17.45 75 39 15.6
135 36 17.35 135 40 17.4 125 36 15.5
185 28 17.3 185 29 17.15 175 27 15.4
210 23 17.2 210 24 17.0 200 22 15.3
235 18 17.15 235 19 16.85 225 18 15.25
285 14 17.05 260 15 16.85 250 16 15.2
310 11 16.95 285 13 16.9 275 14 15.2
335 9 16.9 310 10 16.95 300 11 15.15
360 7 16.9 335 9 16.95 325 10 15.1
385 6 16. 85 360 8 16.95 350 9 15.05
410 5 16. 85 385 7 16.9 375 8 14.95
435 3 16.9 410 5 16. 85 400 6 14.9
435 4 16.8 425 5 14.85
460 3 16.8 450 4 14.8
475 4 14.8
A, = 24,900 £t’ A, = 25,000 ft° A, = 26,000 £t
T, = 17.31 °C T, =17.21 °C Tm = 15.38 °C
DA/avg/TPR = 15.6 °C Tpp = 15.6 °C DA/avg/TPR = 14.1 °C
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TABLE D.I-4. (contd) River Temperature Traverses -
Reactor Areas
Location: Above 181-F Location: Above 181-F Location: Above 181-F
River Mile: 369.3 River Mile: 369.3 River Mile: 369.3
Date: 10-29-63 Date: 11-5-63 Date: 11-5-63
Time: 1100 Time: 1045 Time: 1150
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 4 15.7 5 5 14.4 10 11 14.65
25 20 15.65 25 19 14.3 25 21 14.65
50 26 15.65 50 27 14,25 50 34 14.65
75 36 15.55 75 28 14.2 75 37 14.65
125 37 15.45 100 38 14.15 100 38 14.65
175 28 15.35 125 36 14.1 125 36 14.6
200 23 15.3 150 32 13.95 150 31 14.55
225 18 15.25 175 27 13.9 175 27 14.45
250 16 15.2 200 21 13.75 200 21 14,35
275 14 15.05 225 18 13.7 225 17 14.2
300 11 15.0 250 15 13.65 250 15 14,25
325 10 15.0 275 12 13.65 275 12 14,25
350 9 14.95 300 10 13.6 300 10 14.2
375 6 14.85 325 17 13.55 325 8 14,15
400 6 14.85 350 14 13.45 350 7 14.15
425 6 14.85 375 10 13.45 375 5 14.1
450 4 14.8 400 7 13.45 400 4 14.05
475 3 14.8 425 S 13.5 425 4 14.05
450 S 13.5
A, = 26,100 ft’ A, = 25,200 ft? A, = 24,300 ft’
Tm = 15.35 °C Tm = 13.91 °C Tm = 14.49 °C
DA/avg/TPR = 14,1 °C DA/an/TPR = 13,0 °C DA/avg/TPR = 13,0 °C
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TABLE D.I-4. (contd) River Temperature Traverses -
Reactor Areas
Location: Below 181-N Location: Above 181-D Location: Above 181-F
River Mile: 379.6 River Mile: 378.0 River Mile: 369.3
Date: 11-19-63 Date: 11-19-63 Date: 11-19-63
Time: 0820 Time: 0935 Time: 1350
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 4 12.5 20 4 12.85 10 6 13.8
50 23 12.7 40 6 13.05 50 30 13.75
85 22 13.15 65 7 13.15 75 39 13.7
110 20 13.25 115 9 13.3 100 38 13.65
135 17 13.3 140 12 13.35 125 35 13.55
160 15 13.35 165 13 13.3 150 31 13.5
185 15 13.35 190 12 13.3 175 25 13.4
210 14 13.3 215 13 13.25 200 19 13.35
235 15 13.25 240 9 13.15 225 17 13.25
260 25 13.15 265 8 13.05 250 14 13.25
285 30 12.95 290 9 12.95 275 12 13,25
310 29 12.8 315 11 12.8 300 8 13.3
335 30 12.45 340 11 12.7 325 8 13.25
360 29 12.2 365 11 12.6 350 6 13.25
385 22 11.95 390 9 12.45 375 5 13.2
410 18 11.85 415 9 12,35 400 4 13.2
435 13 11.6 440 10 12.25 425 3 13,15
495 3 11.1 465 14 12,2 450 3 13.15
490 15 12.05
515 9 11.7
540 4 11.45
A, = 28,300 £t A, = 15,600 £t A, = 23,600 ft’
T, = 12.70 °C T, = 12.76 °C T, = 13.50 °C
TPR = 11.8 °C TPR = 11.8 °C TPR = 11.8 °C
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TABLE D.I-5. River Temperature Traverses - Hanford Ferry
(River Mile: 361.6)

Date: 1-3-63 Date: 2-26-63 Date: 4-17-63
Time: 1325 Time: 0900 Time: 1400
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
2 3 9.5 45 9 6.3 3 2 8.2
50 10 9.5 95 11 6.4 35 9 8.2
. 100 13 9.5 145 16 6.0 85 15 8.0
150 14 9.4 195 17 6.0 135 16 7.9
200 14 9.3 245 17 5.8 185 20 7.6
] 250 15 9.3 295 18 5.1 235 19 7.5
300 18 9.2 345 17 5.1 285 20 7.6
350 23 9.1 395 14 4.8 335 19 7.5
* 400 23 9.0 445 11 4.5 385 21 7.5
450 20 8.9 495 2 4.5 435 17 7.4
. 500 15 8.8 485 7 7.4
550 2 8.6 505 1 7.5
A, = 25,100 ft? A, = 19,600 ft? A, = 24,300 ft?
, T, = 9.17 °C T, = 5.53 °C T, = 7.04°C
Tpp=7.3 °C Tpp = 3.8 °C Tpp = 6.0 °C
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TABLE D.I-5. (contd) River Temperature Traverses -
Hanford Ferry (River Mile: 361.6)

Date: 6-20-63 Date: 8-7-63 Date: 8-22-63
Time: 1130 Time: 1200 Time: 1235
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
2 2 16.0 10 5 20.6 30 11 21,25
50 20 16.1 40 12 20.5 65 16 21.15
100 26 16.3 120 14 20.3 85 18 21.0
150 31 16.1 175 19 20.0 115 20 20.95 )
200 35 16.2 200 17 16.9 130 22 20.85
250 32 16.1 225 21 19.8 150 22 20.75 -
300 34 16.0 250 22 19,7 190 24 20.65
350 33 16.0 275§ 21 19.65 200 24 20.6
400 32 16.0 300 21 19.55 215 25 20.5 4
450 32 16.0 325 20 19.5 250 25 20.45
500 30 16.0 350 20 19.45 280 24 20.4 -
550 18 16.1 375 19 19.4 315 24 20.35
600 16 16.1 400 20 19.35 335 23 20.25 *
670 1 16.0 425 17 19.25 365 23 20.2
450 10 19.1 400 21 20.15 -
475 9 19.1 425 20 20.0
500 4 19.1 445 19 19.95
545 2 19.1 475 12 19.9
490 9 19.85
A, = 53,100 ft? A, = 24,150 f£t? A, = 29,700 £t
Tm = 16.07 °C Tm = 19.74 °C Tm = 20.48 °C
TPR = 6,8 °C TPR = 18.6 °C TPR = 18.2 °C
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TABLE D.I-5. (contd) River Temperature Traverses -
Hanford Ferry (River Mile:

361.6)
Date: 8-22-63 Date: 8-22-63 Date: 8-22-63
Time: 1410 Time: 1445 Time: 1555
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
10 6 21.7 5 3 21.85 5 3 21.75
25 10 21.7 35 12 21.85 85 18 21.45
40 12 21.7 70 17 21.75 110 20 21.1
80 17 21.7 85 18 21.65 135 23 20.85
105 20 21.6 110 20 21.4 160 22 20.7
135 23 21.25 140 23 21.1 185 23 20.6
155 22 21.05 170 22 20.75 200 24 20.5
190 24 20.85 215 25 20.35 215 25 20.45
205 24 20.7 250 25 20.25 240 26 20.4
230 26 20.6 280 24 20.2 265 25 20,35
260 25 20.5 295 24 20.15 285 24 20.3
285 24 20.4 345 23 20.15 315 24 20.3
310 24 20.3 370 23 20.15 355 23 20.25
335 23 20.3 390 22 20.15 395 22 20.2
360 23 20.25 420 20 20.2 420 20 20.2
380 23 20.25 440 19 20.25 455 17 20.2
400 21 20.25 470 13 20.35 475 12 20.35
430 20 20.3 510 3 20.9
460 15 20.3
A, = 29,800 ft’ A, = 29,700 ft’ A, = 29,300 £t
Tm = 20,72 °C Tm = 20.59 °C Tm = 20.56 °C
TPR = 18.2 °C TPR = 18.2 °C TPR = 18.2 °C
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TABLE D.I-5. (contd) River Temperature Traverses -
Hanford (River Mile: 361.0)
Date: 9-25-63 Date: 10-16-63 Date: 10-16-63
Time: 0930 Time: 0920 Time: 1000
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft ° Shore, yd ft °C Shore, yd ft °C
5 3 19. 85 5 3 18.75 5 3 19.0
25 19.75 50 13 18.65 25 7 18.85
50 10 19.7 75 16 18.4 75 17 18.65
75 13 19.6 95 18 18.35 125 23 18.6
100 15 19.5 125 23 18.3 165 21 18.3
125 17 19.4 175 18 18.0 200 15 18.1
150 18 19.25 205 14 17.75 225 12 18.05
175 20.5 18.95 230 11 17.7 250 9 17.9
200 19.5 18.75 255 9 17.65 275 8 17.8
225 15 18.7 285 7 17.6 300 8 17.9
250 11 18.65 305 7 17.55 325 8 17.75
275 8.5 18.6 350 7 17.5 350 8 17.6
300 7 18.6 385 7 17.45 375 8 17.55
325 6.5 18.55 400 7 17.4 405 8 17.5
350 7 18.45 425 7 17.3 425 7 17.5
375 7 18.4 450 6 17.2 445 7 17.45
400 7 18.35 505 2 16. 85 475 7 17.5
425 7 18.35 500 3 17.35
465 7 18.35
515 6 18.4
540 3 18.9
A, = 17,000 ft? A, = 15, 700 ft? A, = 17,100 £t°
Tm = 18.92 °C Tm = 17.94 °C Tm = 18.22 °C
DA/avg/TPR = 17.9 °C TPR = 16.6 °C TPR = 16.6 °C
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TABLE D.I-5. (contd) River Temperature Traverses =
Hanford (River Mile: 361.0)

Date: 10-16-63 Date: 10-16-63 Date: 10-16-63
Time: 1030 Time: 1120 Time: 1200
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3 19.1 10 6 19.2 10 6 19.4
25 7 19.05 25 13 19.1 25 6 19.4
70 14 18.95 75 16 19.0 50 9 19.5
125 23 18.6 125 22 18.75 75 14 19.5
* 175 18 18.35 150 20 18.6 100 18 19.35
200 15 18.3 175 17 18.5 125 19 19.2
225 11 18.2 200 15 18.35 150 19 18.95
" 250 10 18.15 225 9 18.2 175 19 18.8
275 8 18.05 250 8 18,15 200 14 18.65
300 7 18.05 275 6 18.1 225 9 18.5
325 7 18.0 300 6 18.05 250 7 18.5
» 350 7 17.95 325 6 18.0 275 6 18.45
375 7 17.9 350 6 18.0 300 6 18.4
400 7 17.75 375 6 17.95 325 6 18.4
. 425 7 17.75 400 8 17.9 350 6 18.3
455 6 17.7 425 6 17.85 375 6 18.3
, 475 7 17.5 450 5 17.65 400 6 18.25
495 4 17.6 470 3 17.5 425 6 18.15
450 5 18.1
. 475 3 18.0
A, = 16,300 £t A, = 15,300 £t A, = 13,700 ft?
Tm = 18.33 °C Tm = 18,51 °C Tm = 18.85 °C
TPR = 16.6 °C TPR =-16.6 °C’ TPR = 16.6 °C
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BNWL-1345

TABLE D.I-5. (contd) River Temperature Traverses -
Hanford (River Mile: 361.0)

Date: 10-16-63 Date: 10-22-63 Date: 10-22-63
Time: 1245 Time: 1110 Time: 1230
Distance Distance Distance
from Plant Depth, Temp, f£from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3 19.6 10 4 17.6 10 4 17.65
15 6 19.65 25 5 17.8 25 5 17.7
50 10 19.7 50 7 17.85 80 17 17.85
75 11 19.6 95 14 17.7 120 21 17.55 .
125 20 19.3 120 16 17.55 170 17 17.3
175 20 19.1 170 18 17.4 195 13 17.15 .
200 18 18.9 195 14 16.85 220 10 16.95
225 13 18.8 220 9 16.95 245 8 16.95
250 9 18.7 245 7 16.9 270 5 16.9 .
385 7 18.45 270 5 16.85 295 5 16.9
415 7 18.4 295 5 16.85 320 5 16.85
435 7 18.35 320 5 16.7 345 5 16. 85 )
465 6 18.3 345 6 16.65 370 5 16.8
475 5 18.3 370 6 16.8 395 6 16.75
395 6 16.55 420 6 16.65
420 5 16.5 445 4 16.55
450 4 16.5 470 3
A, = 15,500 ft? A, = 12,000 ft° A, = 12,800 ft°
T, = 19.00 °C T, = 17.27 °C T, = 17.30 °C
Tpp = 16.6 °C Tpp = 15.6 °C Tpr = 15.6 °C
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BNWL-1345

TABLE D.I-5. (contd) River Temperature Traverses -
Hanford (River Mile: 361.0)

Date: 10-29-63 Date: 10-31-63 Date: 11-5-63
Time: 1130 Time: 1115 Time: 1300
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3 15.75 5 3 15.1 5 2 14.2
20 6 15.8 30 6 15.3 50 10 14.3
40 12 16.0 50 11 15.4 70 13 14.35
65 15 16.1 70 15 15.35 95 10 14,35
85 17 15.9 95 21 15.05 120 20 14.35
115 19 15.7 120 21 14,85 145 20 14.3
140 19 15,55 145 19 14,55 170 18 14,25
175 20 15.4 170 17 14.6 195 12 14.05
195 14 15.2 195 13 14.5 220 8 14.05
215 11 15.1 220 9 14.55 245 6 14.0
245 9 15.05 245 7 14,45 270 5 14.0
270 8 15.0 270 6 14,45 295 5 13.9
295 7 15.0 295 6 14.4 320 5 13.9
320 7 14,95 320 6 14.4 345 6 13.85
340 7 14.9 345 6 14.4 370 6 13.8
365 7 14,85 370 6 14.2 395 6 13.75
395 7 14.7 395 6 14.2 420 5 13.6
425 6 14.7 420 5 14.2 445 5 13.55
465 3 14.7 445 4 14.2 450 3 13.55
A, = 14,700 ft° A, = 13,600 ft? A, = 11,300 ft?
Tm = 15,35 °C Tm = 14.70 °C Tm = 14.12 °C
TPR = 14.1 °C TPR = 13,7 °C TPR = 13.0 °C
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BNWL-1345

TABLE D.I-5. (contd) River Temperature Traverses -
Hanford (River Mile: 361.0)

Date: 11-19-63 Date: 11-19-63 Date: 12-17-63
Time: 1550 Time: 1630 Time: 1230
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, tfrom Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
25 5 14.4 5 3 14.3 5 4 9.55
50 6 14.4 20 4.5 14.3 25 10 10.15
75 15 14.45 25 5 14,35 50 13 10.2
110 17 14.35 35 7 14.45 75 14 10.1
125 21 14.0 80 15 14,3 100 17 10.0
150 15 13.45 110 17 14.15 125 18 10.0
175 11 13.3 140 19 13.75 150 19 9.35
200 8 13.2 165 17 13.5 175 19 9.2
225 6 13.2 185 13.5 13.45 200 14 8.95
255 7 13.2 210 10.5 13.35 225 10 8.8
275 6 13.2 230 7.5 13.35 250 6 8.7
300 6 13,15 260 7 13.3 275 4 8.65
325 6 13.1 280 6 . 13.3 300 4 8.6
350 7 13.05 310 6 13.25 325 5 8.5
375 6 13.05 335 6.5 13,25 350 5 8.45
400 6 13.0 355 6.5 13.2 375 5 8.35
425 5 12,85 380 6 13.15 400 5 8.3
450 4 12.45 405 6 13.05 425 4 8.15
475 1 12.15 440 4.5 13.0 450 3 7.95
A, = 12,800 ft? A, = 12,600 ft? A, = 12,600 ft?
T, = 13.60 °C T, = 13.68 °C T, =9.31 °C
TPR = 11.8 °C TPR = 11.8 °C TpR = 7.1 °C
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BNWL-1345

TABLE D.I-6. River Temperature Traverses - Ringold
(River Mile: 354.4)

Date: 2-26-63 Date: 6-24-63 Date: 8-30-63
Time: 1110 Time: 1320 Time: 1030
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
30 7 5.7 2 3 16.2 25 4 20.8
80 12 5.6 50 14 15.6 80 14 20.6
130 10 6.0 100 15 15.4 130 12 20.5
] 180 7 5.7 150 19 15.5 180 9 20.45
230 7 5.6 200 24 15.4 230 9 20.4
280 7 5.5 250 26 15.4 280 9 20.3
. 330 4 5.6 300 22 15.3 330 6 20.3
380 6 5.4 350 20 15.2 380 8 20.25
430 6 5.5 400 19 15.1 405 8 20.2
’ 480 10 5.2 450 18 15.1 430 8 20.2
530 20 5.0 500 18 15.1 455 10 20.2
b 580 7 4.8 550 20 15.1 480 12 20.1
630 3 6.2 600 24 15.1 505 17 20.1
' 650 30 15.1 530 22 20.1
700 34 15.1 555 16 20.1
750 21 15.2 580 9 20.1
800 18 15.3 605 7 20.0
850 10 15.4 630 5 20.0
900 8 15.5 675 4 20.0
A, = 15,400 £t A, = 54,300 ft’ A, = 20,600 £t’
Tm = 5.44 °C Tm = 15.26 °C Tm = 20.30 °C
. TPR = 3.80 °C TPR = 14.6 °C TPR = 18.0 °C
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BNWL-1345

TABLE D.I-6. (contd) River Temperature Traverses -
Ringold (River Mile: 354.4)

Date: 8-30-63 Date: 10-22-63 Date: 10-29-63
Time: 1035 Time: 1350 Time: 1225
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
25 4 20.8 25 3 17.05 10 2 15.5
50 9 20.8 75 10 17.35 25 3 15.5
80 14 20.7 125 12 17.3 50 6 15.45
105 13 20.7 175 7 17.3 75 9 15.45
130 12 20.6 225 6 17.3 125 .15 15.4
155 11 20,6 275 5 17.25 175 9 15,35
180 9 20.5 325 4 17.2 225 8 15.3
205 9 20.5 375 5 17.15 275 7 15.3
230 9 20.4 425 6 17.05 325 6 15.25
255 9 20.4 475 10 16.95 375 6 15.2
280 9 20.4 525 16 16.85 425 7 15.15
305 8 20.3 575 18 16.7 475 11 15.1
330 6 20.3 625 20 16.6 525 17 15.0
355 7 20.3 650 3 16.5 575 20 15.0
380 8 20.3 625 9 14.95
405 8 20.2 675 3 14,95
430 8 20.2
455 10 20.2
480 12 20.2
505 17 20.1
530 22 20.1
555 16 20.1
580 9 20.1
605 7 20.1
630 5 20.0
€55 4 20,0
A, = 19,300 £t A, = 17,100 £t A, = 16,300 ft°
Tm = 20,34 °C Tm = 16,96 °C Tm Jl.1e e
Trp = 18.0 °C Toy = 15.6 °C Tpn = 14,10 %4
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BNWL-1345

TABLE D.I-6. (contd) River Temperature Traverses -
Ringold (River Mile: 354.4)

Date: 10-31-63

Time: 1200
Distance
from Plant Depth, Temp,
Shore, yd ft °C
10 2 15.0
25 5 14.85
50 5 14.85
85 9 14.8
110 13 14.8
135 10 14.8
160 9 14.75
185 7 14.7
210 7 14.75
225 7 14.75
260 7 14.7
285 6 14.7
310 5 14.7
335 5 14.65
360 6 14.65
385 6 14.6
410 6 14.6
435 8 14.6
460 5 14.5
485 13 14.45
510 16 14.4
535 15 14.35
560 19 14.3
585 11 14.25
635 3 14.4
At = 15,800 ftz
Tm = 14.62 °C
TPR = 13.9 °C
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. BNWL-1345

TABLE D.I-7. River Temperature Traverses -
Power Line Crossing
(River Mile: 350.5)

Date: 2-26-63 Date: 8-30-63 Date: 8-30-63
Time: 1215 Time: 1200 Time: 1245
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
55 8 6.0 5 3 21.5 5 3 21.9
105 14 5.8 80 16 21.2 80 16 21.4
155 18 5.6 130 21 21.0 130 21 21.05
205 16 5.5 180 24 20.85 180 24 21.0
255 15 5.4 230 25 20,7 230 25 20.7
305 17 5.2 280 26 20.5 280 26 20.6
355 18 5.2 330 26 20.4 330 26 20.55
405 5 5.5 380 19 20.35 380 19 20.6
455 3 6.1 430 11 20.45 430 11 20.7
480 5 20.45 480 5 20.65
500 3 20.5 500 3 20.7
A, = 16,900 ft° A, = 26,400 £t A, = 26,300 £t
T = 5.47 °C Th = 20,65 °C Ty = 20.82 °C
Tpp = 3-8 °C Top = 18.3 °C TPR = 18.3 °C
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TABLE D.I-7.

(contd)

BNWL-

River Temperature Traverses -
Power Line Crossing

1345

(River Mile: 350.5)
Date: 8-30-63 Date: 8-30-63 Date: 8-30-63
Time: 1355 Time: 1230 Time: 1400
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft ° Shore, yd ft °C Shore, yd ft °C
5 3 21.9 5 3 21.9 5 3 21.9
130 21 20.9 30 9 21.5 30 9 21.6
180 24 20.8 55 13 21.4 55 13 21.6
’ 230 25 20.7 80 16 21.2 80 16 21.4
280 26 20.6 105 19 21.0 105 19 21.1
) 330 26 20.4 130 21 21.0 130 21 21.0
380 19 20.5 155 23 20.9 155 23 20.9
430 11 20.55 180 24 20.8 180 24 20.8
* 480 5 20.6 205 25 20.7 205 25 20.7
500 3 20.6 230 25 20.6 230 25 20.7
. 255 26 20.5 255 26 20.6
280 26 20.5 280 26 20.5
‘ 305 26 20.5 305 26 20,5
330 26 20.5 330 26 20.4
355 23 20.5 355 23 20.4
380 19 20.5 380 19 20.5
405 15 20.6 405 15 20.5
430 11 20.6 430 11 20.6
455 8 20.6 455 8 20.6
480 5 20.6 480 5 20.6
500 3 20.7 500 3 20.7
A, = 26,700 ft’ A, = 27,300 £t A, = 27,300 £t
T, = 20.75 °C T, = 20.73 °C T, = 20.75 °C
. Tpp = 18.3 °C Tpp = 18.3 °C Tpr = 18.3 °C
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BNWL-1345

TABLE D.I-7. (contd) River Temperature Traverses -

Power Line Crossing

(River Mile: 350.5) -
Date: 10-16-63 Date: 10-16-63 Date: 10-16-63
Time: 1340 Time: 1410 Time: 1415
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
10 6 19.4 10 6 19.4 5 3 19.7
25 8 19.25 25 8 19.25 25 12 19.3
50 11 19.2 50 15 19.1 75 18 19.05 .
75 18 19.1 75 18 15.0 100 20 19.0
100 22 18.95 100 24 18.95 125 24 18.95
125 23 18.85 125 23 18.9 150 24 18.85 )
150 23 18.8 150 23 18.85 175 25 18.8
175 24 18.75 175 24 18.75 200 25 18.75
200 24 18.7 200 26 18.7 225 26 18.6 *
225 25 18.65 225 26 18.6 250 27 18.5
250 26 18.6 250 27 18.55 275 27 18.45 -
275 26 18.5 275 28 18.5 300 27 18.45
300 26 18.4 300 26 18.45 325 27 18.45
325 26 18.4 325 27 18.45 350 26 18.45
350 26 18.4 350 26 18.4 375 19 18.5
375 26 18.4 375 23 18.4 400 11 18.55
400 12 18.4 400 14 18.4 425 10 18.7
425 8 18.3 425 6 18.3 450 6 18.75
475 5 18.85
A, = 27,200 £t A, = 27,200 ft? A, 27,700 £t
Tm = 18.66 °C Tm = 18.66 °C Tm = 18.71 °C
TPR = 16.6 °C TPR = 16.6 °C TPR = 16.6 °C
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BNWL-1345

TABLE D.I-7. (contd) River Temperature Traverses -
Power Line Crossing
(River Mile: 350.5)

Date: 10-16-63 Date: 10-16-63 Date: 10-16-63
Time: 1445 Time: 1510 Time: 1530
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3 19.7 5 3 19.75 5 3 19.6
25 12 19.5 25 11 19.3 25 10 19.3
75 18 19.2 50 12 19.2 50 12 19.25
100 20 19.1 75 17 19.1 75 18 19.2
125 24 19.05 100 20 19.05 100 22 19.1
150 24 18.95 125 24 18.95 125 23 19.0
175 25 18.9 150 24 18.9 150 24 19.0
200 26 18.85 175 25 18.85 175 25 18.95
225 26 18.8 200 26 18.75 200 25 18.9
250 27 18.7 225 26 18.65 225 26 18.8
275 27 18.6 250 27 18.6 250 26 18.7
300 28 18.55 275 28 18.55 275 27 18.7
325 27 185 300 27 18.55 300 26 18.6
350 25 18.55 325 28 18.5 325 26 18.6
375 19 18.55 350 27 18.5 350 25 18.6
400 11 18.55 375 22 18.5 375 22 18.6
425 6 18.55 400 21 18.55 400 16 18.6
450 4 18.55 425 11 18.55 425 16 18.6
475 4 18.55 450 6 18.55 450 6 18.6
475 5 18.55 475 5 18.6
A, = 27,700 ft A, = 28,600 £t° A, = 28,600 £t
Tm = 18.80 °C Tm = 18.70 °C Tm = 18.82 °C
TPR = 16.6 °C TPR = 16.6 °C TPR = 16.6 °C
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TABLE D.I-7.

(contd)

BNWL-1345

River Temperature Traverses -
Power Line Crossing

(River Mile: 350.5)
Date: 10-29-63 Date: 10-29-63 Date: 10-31-63
Time: 1250 Time: 1255 Time: 1235
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3 15.35 S 2 15.4 S 3 14.7
25 12 15.35 25 8 15.45 30 8 14.75
50 11 15.4 50 10 15.45 5SS 12 14.8
75 19 15.35 75 17 15.45 80 13 14.8
100 22 15.35 100 21 15.4 105 23 14.75
125 24 15.3 125 23 15.35 130 23 14.7
150 24 15.25 150 25 15.3 155 23 14.65
175 25 15.2 175 25 15.25 180 24 14.6
200 26 15.2 200 25 15.15 205 25 14.55
225 26 15.15 225 26 15.15 230 24 14.5
250 27 15.1 250 27 15.1 255 27 14.4
275 28 15.05 275 28 15.05 280 26 14.35
300 27 15.0 300 28 15.0 305 26 14.3
325 27 14,95 325 27 14.95 330 26 14.3
350 27 14.9 350 27 14.9 355 23 14.3
3758 20 14.85 375 24 14.8 380 22 14.25
400 15 14.8 400 15 14.75 405 6 14.2
425 9 14.8 425 9 14.8 430 4 14.15
450 S 14.75 450 S 14.8 455 4 14.15
475 3 14.75 475 4 14.85 480 4 14.15
500 3 15.1 500 3 14.85
A, = 28,400 ft? A, = 27,900 £2 A, = 25,800 £t?
Tm = 15.12 °C Tm = 15.08 °C Tm = 14.48 °C
TPR = 14,1 °C TPR = 14.1 °C TPR = 13.7 °C
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TABLE D.I-8.

BNWL-1345

River Temperature Traverses - Above 300 Area

(River Mile: 344.9)
Date: 2-12-63 Date: 4-2-63 Date: 4-18-63
Time: 0730 Time: 1300 Time: 1110
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °q Shore, yd ft °C
5 3 5.2 3 5 7.9 2 1 2
30 14 5.1 50 12 7.2 50 15
80 21 5.1 85 13 7.0 85 21
125 32 5.0 135 30 6.6 125 31
180 30 5.0 185 25 6.5 175 32 7.7
230 18 4.8 235 20 6.4 225 18
275 15 4.9 285 10 6.4 275 18 7.7
325 13 4.7 335 12 6.4 325 13
375 10 4.7 385 8 6.4 375 9
425 10 4.8 435 7 6.3 425 9
465 11 4.8 485 6 6.3 475 8
520 11 4.6 535 4 6.3 525 9 .
575 12 4.6 585 8 6.3 575 10 7.7
630 14 4.6 635 10 6.3 625 12
680 16 4.6 684 11 6.3 675 12
740 15 4.7 735 11 6.3 725 13 7.6
785 10 4.5 785 13 6.5 775 10
830 3 4.6 835 8 6.5 875 3 .
865 3 8.0
A, = 38,000 £t? A, = 31,100 £t ? A = 36,700 12
Tm = 4.84 °C Tm = 6.52 °C Am = 7,72 °C
PRTR Recorder = 5.4 °C PRTR Recorder = 7.2 °C PRTR Recorder = 8.0 °C
TPR = 4.15 °C TPR = 5.0 °C TPR = 6.7 °C
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TABLE D.I-8.

BNWL-1345

(contd) River Temperature Traverses -

Above 300 Area
(River Mile: 344.9)

Date: 5-23-63 Date: 6-24-63 Date: ©6-27-63
Time: 1100 Time: 1040 Time: 1100
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
2 2 15.3 2 3 15.7 5 5 16.3 .
50 13 14.6 37 20 15.5 85 27 16.1
100 21 14.2 87 27 15.3 185 38 15.75
150 32 13.9 137 40 15.3 285 24 15.7 .
200 32 13.8 187 38 15.1 385 20 15.65
250 18 13.8 237 27 15.1 485 16 15.65
300 14 13.7 287 24 15.1 585 19 15.65
350 13 13.7 337 23 15.1 685 21 15,65 .
400 9 13.7 387 20 15.1 785 23 15.65
450 8 13.7 437 18 15.1 885 21 15,85
500 8 13.7 487 16 15.1 935 13 15.85 .
550 8 13.6 537 18 15.1 955 3 15.9
600 9 13.6 587 19 15.1
650 13 13.7 637 19 15.1
700 9 13.8 687 21 15.1
750 11 13.8 737 21 15.0
800 11 14.0 787 23 15.1
840 3 15.3 837 22 15.1
887 21 15.1
937 19 15.2
987 13 15.2
1027 2 16.4
A, = 33,900 ft’ A, = 66,900 ft A, = 64,900 ft?
Tm = 13,91 °C Tm = 15.16 °C Tm = 15,77 °C
PRTR Recorder = 14.5 °C PRTR Recorder = 16.2 °C PRTR Recorder = 16.8 °C
TPR = 12.3 °C TPR = 14,6 °C TPR = 14.9 °C
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BNWL-1345

TABLE D.I-8. (contd) River Temperature Traverses -
Above 300 Area
(River Mile: 344.9)

Date: 7-18-63 Date: 8-30-63 Date: 10-10-63
Time: 1330 Time: 1500 Time: 1100
Distance Distance Distance
from Plant Depth, Temp, £from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 S 17.9 25 9 21.5 5 3 17.6
75 23 17.6 50 16 21.4 50 16 17.7
175 38 17.3 75 19 21.3 80 19 17.8
275 20 17.3 100 22 21.2 130 28 17.8
375 15 17.25 125 27 21.2 180 33 17.7
475 14 17.25 150 32 21.0 230 25 17.7
575 15 17.2 175 33 21.0 280 19 17.7
675 17 17.2 200 33 21.0 330 17 17.6
775 20 17.2 225 26 20.9 380 12 17.6
875 17 17.25 250 19 20.9 430 10 17.6
975 10 17.5 275 19 20.9 480 9 17.6
1005 5 17.7 300 19 20.8 630 12 17.6
325 17 20.8 880 5 17.5
350 14 20.8 920 3 17.4
375 12 20.8
400 10 20.8
425 10 20.8
450 10 20.8
475 9 20.7
500 9 20.7
525 10 20.7
550 10 20.7
575 11 20.7
600 11 20.7
625 12 20.8
650 13 20.8
675 13 20.8
700 13 20.8
725 14 20.8
750 14 20.9
775 13 20.9
800 11 20.9
825 9 20.9
850 7 21.0
875 5 21.2
900 4 21.5
A, = 55,400 £t A, = 40,000 £t A, = 37,900 £t
Tm = 17.32 °C Tm = 20.94 °C Tm = 17.66 °C
PRTR Recorder = 18.0 °C PRTR Recorder = 20.9 °C PRTR Recorder = 18.1 °C
TPR = 16.8 °C TPR = 18.00 °C TPR = 17.3 °C
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TABLE D.I-8.

BNWL-1345

(contd) River Temperature Traverses -

Above 300 Area
(River Mile: 344.9)

Dace: 10-36-63 ee: 10200 Date: 20,3161
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
10 8 19.3 20 5 15.15 5 3 14.6
25 8 19.3 50 7 15.15 25 9 14.65
50 13 19.25 100 12 15.2 70 18 14.65
70 16 19.2 150 33 15.05 120 29 14.65
95 30 19.05 200 27 15.0 170 31 14.5
170 31 18.75 250 18 15.0 220 17 14,45
195 19 18.7 300 14 14.95 270 14 14.4
220 15 18.7 350 12 14.9 320 11 14.45
245 14 18.7 400 10 14.9 370 8 14,35
270 14 18.7 450 10 14.85 420 7 14.3
295 12 18.65 500 10 14,85 470 7 14.35
320 12 18.65 550 9 14.85 520 8 14.3
355 9 18.6 600 12 14.8 570 8 14.25
370 8 18.65 650 13 14.8 620 12 14.3
395 7 18.65 700 14 14.75 670 12 14.2
420 7 18.7 750 15 14.75 720 14 14.2
445 6 18.7 800 14 14.75 770 12 14.1
470 6 18.7 850 4 14.8 820 12 14.2
495 6 18.7 870 3 14.3
520 6 18.7
545 7 18.7
570 7 18.7
595 8 18.7
620 9 18.5
670 11 18.65
720 12 18.65
770 14 18.6
820 11 18.6
870 10 18.7
900 6 18.7
At = 33,600 ftz At = 34,800 ftz At = 33,400 ft2
T, = 18.77 °C T = 14.92 °C T, = 14.4 °C
PRTR Recorder = 18.8 °C PRTR Recorder = 15.0 °C PRTR Recorder = 14.5 °C
Tpp = 16.6 °C Tpr = 14,1 °C TPR = 13,7 °C
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TABLE

D.I-8. (contd)

BNWL-1345

River Temperature Traverses -
Above 300 Area

(River Mile: 344.9)
Date: 12-11-63 Date: 12-16-63
Time: 1400 Time: 0930
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
5 3 7.75 5 4 9.15
50 11 7.85 25 8 8.95
75 18 8.15 50 18 9.5
125 35 8.25 75 17 9.75
175 31 8.3 125 33 9.8
225 18 8.25 175 30 9.65
275 15 8.3 225 17 9.55
325 13 8.3 275 14 9.5
375 10 8.25 325 12 9.45
425 10 8.2 375 9 9.45
475 10 8.2 425 10 9.45
525 9 8.15 475 10 9.4
575 10 8.15 525 9 9.4
625 12 8.1 575 10 9.35
675 12 8.1 625 12 9.35
725 15 8.05 675 13 9.3
775 11 8.0 725 13 9.25
805 12 8. 775 12 9.15
825 9 7. 825 7 9.05
A, = 36,500 ft A, = 35,000 £1?
Tm = 8.18 °C Tm = 9.49 °C
PRTR Recorder = 8.2 °C PRTR Recorder = 9.5 °C
TPR = 7.6 °C TPR = 7.1 °C
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BNWL-1345

TABLE D.I-9. River Temperature Traverses - Richland Ferry
(River Mile: 340.9)

Date: 2-12-63 Date 4-18-63 Date: 5-9-63
Time: 0935 Time: 0915 Time: 1345
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Tenp,
Shore, yd ft °C Shore, yd ft °C Shore, vyd ft °C
5 4 5.2 2 1 7.7 2 3 10.4
50 14 5.0 50 11 7.6 50 17 10.0
100 15 5.0 100 15 7.5 100 17 10.0
140 13 5.0 150 12 7.5 150 15 9.9
185 11 4.9 200 8 7.5 200 11 9.9
235 8 4.6 250 7 7.5 250 9 9.9
295 23 5.0 300 16 7.6 300 17 10.0
340 25 4.9 350 24 7.5 350 21 9.9
390 23 4.9 400 26 7.5 400 28 9.9
455 12 4.9 450 20 7.5 450 26 9.8
505 10 4.7 500 11 7.5 500 17 9.8
540 10 4.7 550 10 7.5 550 14 9.8
595 10 4.7 600 7 7.5 600 15 9.8
640 10 4.9 650 10 7.5 650 15 9.7
695 11 4.9 700 13 7.5 700 16 9.8
750 17 4.2 750 16 7.5 750 19 9.8
805 25 5.0 800 22 7.5 800 25 9.8
840 26 4.8 850 23 7.5 850 26 9.8
850 25 4,7 900 13 7.5 900 23 10.0
885 16 4.9 955 2 8.5 1000 3 10.5
915 6 4.4
A, = 41,400 £t A, = 35,300 £t A, = 52,000 ft
T, = 4.87 °C T, = 7.53 °C T, = 9.90 °C
Tpp = 4.15 °C Tpr = 6.7 °C Tpp = 8.8 °C
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TABLE D.I-9. (contd) River Temperature Traverses -
Richland Ferry
(River Mile: 340.9)

Date: 5-16-63 Date: 6-18-63 Date: 6-26-63
Time: 1045 Time: 1340 Time: 1340
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
3 1 12.4 2 5 16.5 2 3 16.2
43 13 12.0 50 21 16.2 50 18 16.0
93 15 11.9 100 22 16.1 100 20 15.9
143 13 11.8 150 20 16.1 150 19 15.9
193 10 11.8 210 17 16.0 200 17 15.9
243 7 11.9 245 15 16.0 250 13 15.8
293 13 11.8 305 32 16.0 300 28 15.9
343 24 11.7 350 33 16.1 350 31 15.8
393 25 11.5 400 27 15.9 400 29 15.8
443 18 11.6 450 19 15.9 450 21 15.7
493 13 11.6 500 16 15.9 500 16 15.7
543 10 11.6 550 14 15.9 550 14 15.7
593 8 11.6 610 15 15.9 600 14 15.7
643 10 11.6 650 16 16.0 650 15 15.7
693 12 11.6 700 17 15.9 700 17 15.8
743 18 11.6 750 19 15.9 750 17 15.7
793 24 11.6 800 25 15.9 800 21 15.7
843 23 11.7 850 29 15.9 850 27 15.6
893 24 11.6 900 32 15.9 900 30 15.7
943 15 11.9 950 33 16.0 950 30 15.7
993 3 12.3 1000 31 16.0 1000 27 15.8
1050 15 16.1 1050 10 15.9
1100 1.5 16.8 1100 2 16.2
A, = 44,100 £t? A, = 70,300 £t° A, = 66,400 £t’
T, = 11.71 °C Tm = 15.99 °C T, = 15.77 °C
Tpp = 10.6 °C Tpgp = 14.8 °C Tpr = 14.9 °C
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TABLE D.I-9. (contd) River Temperature Traverses =
Richland Ferry
(River Mile: 340.9)

Date: 8-30-63 Date: 8-30-63 Date: 10-10-63
Time: 1700 Time: 1800 Time:
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3 21.3 5 3 21.5 5 3 17.95
50 17 21.2 50 17 21.2 45 13 17.95
90 17 21.1 90 17 21.2 95 15 18.0
140 15 21.1 140 15 21.1 145 13 18.0
190 11 21.1 190 11 21.0 195 10 17.95
240 9 21.1 240 9 21.0 245 11 17.95
290 17 21.0 290 17 20.9 295 23 17.9
340 21 20.9 340 21 20.8 345 25 17.85
390 28 20.8 390 28 20.8 395 23 17.85
440 26 20.8 440 26 20.8 445 15 17.85
490 17 20.8 490 17 20.8 495 11 17.85
540 14 20.8 540 14 20.8 545 10 17.85
590 15 20.9 590 15 20.8 595 10 17.85
640 15 20.9 640 15 20.8 645 11 17.85
690 16 20.9 690 16 20.8 695 12 17.85
740 19 20.9 740 19 20.8 745 16 17.8
790 25 20.9 790 25 20.8 795 23 17.8
840 26 20.9 840 26 20.7 845 26 17.8
890 23 20.9 8590 23 20.8 895 16 17.7
940 15 21.0 940 15 21.0 945 5 17.6
990 4 21.0 990 4 21.1
A, = 52,500 £t? A, = 52,500 £t? A, = 42,800 £t?
Tm = 20.93 °C Tm = 20.91 °C Tm = 17.86 °C
TPR = 18.0 °C TPR = 18.0 °C TPR = 17.3 °C
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TABLE D.I-9. (contd) River Temperature Traverses -
Richland Ferry
(River Mile 340.9)

Date: 10-16-63 Date: 10-16-63 Date: 10-29-63
Time: 1715 Time: 1830 Time: 1445
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, f£from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
25 10 18.85 25 11 18.7 5 3 15.1
75 13 18.85 75 12 18.6 50 12 15.1
125 12 18.8 125 14 18.6 100 14 15.1
175 11 18.8 175 11 18.6 150 14 15.1
200 8 18.7 200 8 18.55 200 13 15.05
275 5 18.75 275 9 18.5 250 11 15.05
325 23 18.8 325 24 18.5 300 8 15.05
375 24 18.65 375 24 18.5 350 4 15.05
425 25 18.6 425 22 18.5 400 21 15.05
475 17 18.6 475 15 18.5 450 27 14.95
525 11 18.6 525 9 18.5 500 26 14.95
575 8 18.6 575 9 18.5 550 16 14.95
625 6 18.6 625 7 18.5 600 7 14.95
675 7 18.6 675 6 18.5 650 9 14.9
725 9 18.6 725 8 18.5 700 10 14.9
775 10 18.6 775 11 18.5 750 11 14.9
825 15 18.6 825 17 18.5 800 12 14.95
850 17 18.6 875 22 18.5 850 22 14.9
875 19 18.6 925 25 18.5 900 26 14.9
900 21 18.55 975 25 18.5 950 23 14.8
925 23 18.55 1025 22 18.4 1000 10 14.7
950 25 18.5 1020 3 14.8
975 25 18.5
1025 24 18.6
A, = 43,300 £t A, = 43,700 ft? A, = 44,300 £t
Tm = 18.64 °C Tm = 18.51 °C Tm = 14.96 °C
Tpgp = 16.6 °C Top = 16.6 °C Tpp = 14.1 °C

D.I.39



ov-1°d

D, T, = 84 Do T°4T = 3dp
Do LS°6 = L Do 80°ST = I
33 000°TY = v 33 0087wy = v
S S 556 S8 HT g 020T
S.°8 Al 5$6 S8 ¥ 7 056
588 12 588 S6°tT 97 006
7°6 02 098 S0°ST 61 058
76 7 0TS S0°ST TT 008
76 02 09 S0°ST 6 05
SY 6 Al 0T S0°ST 8 00
St 6 T 099 S0°ST 0T 059
SY 6 8 0T9 S0°ST Al 009
. SY°6 S°L 095§ S0°ST 12 0SS
St 6 6 0TS I°6T L7 00§
$°6 21 09% ST°ST 97 oSt
’ 56 27 0T¥ 2°ST ¢ 00t
$°6 €7 09¢ 7°ST S 0S¢
56 97 0TS ST°ST 8 00¢
. SY°6 S 097 ST°ST T 052
56 8 012 ST°ST <1 002
] 5° 6 T 09T 2°ST Al 0ST
St 6 A 0TT 2°ST al 00T
6 Al 09 S7°ST Al 0§
568 6 0T ¢°ST L ST
D. 15 PA “aloys D, 13 pA “a1oys
‘dusy ‘yadsq 3Jueryg woxj “dusl ‘yidag 13IuBT] wouxy
d0UB1S1(] ADUBIS I(]
0ZuT  :aurg 00§T :our]
€9-9T-21 :o3e(q €9-67-0T :93e(Q
) (6°0V€ :OTTW ISATYH)
AIIad PURTUDTY
. - S9sI8aRI] 2an3jeladuwal I9ATY (PIUOD) "g-I°d FTIYL

SYel-TMNd



TABLE D.I-10.

River Temperature Traverses -

Pasco Water Plant

BNWL-1345

(River Mile: 328.7)
Date: 2-20-63 Date: 4-3-63 Date: 5-8-63
Time: 1620 Time: 1350 Time: 1350
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 7 5.8 3 2 7.4 3 3 10.6
50 30 5.5 50 22 7.4 50 23 10.5
95 39 5.4 95 38 7.0 95 38 9.9
145 46 5.4 145 40 6.6 145 43 10.0
190 48 5.2 195 48 6.5 195 48 9.6
235 60 5.4 245 56 6.4 245 53 9.4
290 53 5.1 295 55 6.4 300 S4 9.6
350 38 5.1 345 55 6.4 350 44 9.6
390 31 5.2 395 41 6.7 395 38 9.6
415 5 5.8 445 32 6.5 445 35 9.6
485 8 7.0 465 8 10.5
A, = 50,800 12 A, = 57,500 £t2 A, = 61,800 £t
T =5.30 °C T =6.71 °C T = 9.74 °C
m m m
Recorder Recorder Recorder
Temperature = 5.6 °C Temperature = 6.6 °C Temperature = 10.0 °C
2 =] . =] - =]
Tpp = 4.1 °C Tpp = 5.0 °C Tpp = 8.5 °C
Date: 5-16-63 Date: 6-13-63 Date: 6-18-63
Time: 1320 Time: 0950 Time: 1150
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 4 13.0 ) 3 15.3 2 2 16.2
50 23 13.0 50 25 15.5 S0 28 16.2
95 40 12.5 100 37 15.3 100 45 16.1
145 42 12.2 150 45 15.0 150 50 16.0
195 47 12.3 200 49 14.9 200 50 16.0
245 50 12.1 250 55 14.9 250 56 15.9
295 52 12.1 300 55 14.8 300 56 15.9
345 42 12.1 350 48 14.7 350 52 15.9
395 38 12.1 400 38 14.9 408 42 15.7
445 33 12.3 450 38 15.1 450 38 15.8
495 26 12.5 500 10 15.4 500 20 16.2
515 20 12.5
A, = 58,300 £t A, = 58,500 ft’ A, = 64,300 £t
T = 12.28 °C T = 14.97 °C T = 15.90 °C
m m m
Recorder Recorder Recorder
Temperature = 12.3 °C Temperature = 14,7 °C Temperature = 15.6 °C
= o = Q = o
Tpp = 10.6 °C Tor = 14.2 °C Tor 14.8 °C

D.I.41



BNWL-1345

TABLE D.I-10. (contd) River Temperature Traverses -
Pasco Water Plant

(River Mile: 328.7) -
Date: 7-11-63 Date: 10-10-63 Date: 12-9-63
Time: 1100 Time: 1400 Time: 1400
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 8 16.6 5 5 18.4 10 10 8.35
100 37 16.3 50 25 18.4 25 23 8.45
200 49 16.05 105 38 18.45 50 24 8.4
300 55 15.95 155 42 18.45 75 25 8.4 -
400 38 15.9 205 50 18.5 95 38 8.9
500 38 16.0 265 56 18.45 120 48 8.9
535 10 16.25 305 55 18.45 145 52 8.9 .
355 52 18.4 170 54 8.95
405 38 18.35 195 52 9.0
455 27 18.35 220 62 9.0
505 7 18.35 245 66 9.0 -
270 68 9.0
295 58 9.0
320 54 8.9 -
345 47 8.9
370 43 8.85
395 40 8.8
420 30 8.7
445 22 8.5
A, = 62,800 ft? A, = 57,400 ft? A, = 59,700 ft?
T, = 16.08 °C T, = 18.43 °C T, = 8.88 °C
Recorder Recorder Recorder
Temperature = 16.4 °C Temperature = 18.0 °C Temperature = 8.6 °C
TPR = 15.8 °C Tpp = 17.3 °C Tpop = 8.4 °C
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TABLE D.I-10, {(contd) River Temperature Traverses -
Pasco Water Plant
(River Mile: 328.7)

Date: 12-13-63

Time: 1330
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 6 7.75
25 13 7.8
50 24 7.85
75 33 8.05
95 40 8.25
120 46 8.45
145 50 8.45
170 53 8.45
195 52 8.55
220 55 8.55
245 60 8.55
270 60 8.5
295 61 8.5
320 60 8.5
345 55 8.5
370 47 8.45
395 39 8.4
420 27 8.15
445 18 8.15
470 20 8.1
A, = 59,800 ft°
T, = 8.41 °C
Recorder
Temperature = 8.0 °C
Tpp = 7.3 °C
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TABLE D,I-11,

F-Area Fewer Temperatures

Average Raw

Date Water Temp, °C
8-29-63 20.0
8-30 20.3
8-31 20.7
9-1 20.6
9-2 20.1
9-3 20.3
9-4 20.0
9-5 20.7
9-6 20.7
9-7 21.0
9-8 21.2
9-13 20.9
9-14 20.7
9-15 20.5
9-16 20.0
9-17 20.2
9-18 20.3
9-19 19.7
9-20 19.9
9-21 20.3
9-25 20.4
9-26 20.6
9-27 20.8
9-30 21.0
10-1 20.6
10-2 20.0
10-3 20.0
10-4 19.9
10-5 19.8
10-6 20.4
10-7 20.3
10-11 19.2
10-12 19.1
10-15 18.9
10-16 18.8
10-17 18.5
10-18 18.3
10-19 18.8
10-20 18.8
10-21-63 18.5
10-22 17.8
10-23 17.5
10-24 17.3
10-25 17.0
10-26 16.5
10-27 17.0
10-238 16.5
10-29 15.8
10-30 15.5
10-31 15.1
11-1 15.1
11-2 15.0
11-3 15.3
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TABLE D.I-12,

Temperatures in Effluent
Bubbles and Plumes

BNWL-1345

Maximum Temp

Outfall Depth, Maximum  Upstreanm at 100 yd
Location ft Date Time Temp, °C Temp, °C Downstream
B 11-26-63 1230- 17.2 10.6 -~
1330 17.7 10.6 14.1
16.3 10.6 --
15 19.5 10.6 --
C 3 11-26-63 1330 19.5 -- 14.4
10 17.6 -- --
D 11-26 1430 28.1
10 22.3 13.8 16.9
F 10-16-63 0800 26.1 18.0 --
12-3-63 1330 23.8 10.8 --
5 20.3 --
H 1 12-3-63 1130 16.7 11.0 --
K (shore) 11-26-63 1400 17.9 11.3 12.9
(main 3 21.7 12.8
bubble) 15 23.7

D.I.45



BNWL-1345

TABLE D.I-13. Equilibrium Dye Concentrations

) Cmax Cmax

Location River Mile L, mi. Rmax’ units Cmax’ ppb Cm : Co
10-29-63 1904-H River Mile 372.6

Reactor Flow Rate - 84,700 gpm Average River Flow Rate - 75,000 cfs

C0 = 29 ppb Cm = 0.081 ppb

Above 181-F 369.3 3.3 3 0.048 0.56 0.0017
Hanford 361.0 11.6 2-1/2 0.040 0.49 10.0014
Ringold 354.4 18.2 1-1/2 0.024 0.30 0.0008 -
Power Line Crossing 350.5 22.1 1 0.016 0.20 0.0006
Above 300 Area 345.0 27.6 1-1/2 0.024 0.30 0.0008
Richland Ferry 340.9 31.7 1 0.016 0.20 0.0006 .
10-31-63 1904-F River Mile 369.0

Reactor Flow Rate - 89,700 gpm Average River Flow Rate - 65,000 cfs

C0 - 21 ppb Cm = 0.065 ppb .

50 yd below 369.0 <0.1 25-1/2 0.41 6.3 0.020
Hanford 361.0 8.0 6-1/2 0.105 1.6 0.0050
Ringold 354.4 14.6 3 0.048 0.75 0.0023 ]
Power Line Crossing 350.5 18.5 2-1/2 0.04¢ 0.6 0.0Q019
Above 300 Area 345.0 24.Q 1-1/2 0.024 0.4 Q.0012
Richland Ferry 340.9 28.1 1 0.016 0.25 0.0008
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INTER-REACTOR RIVER TEMPERATURE DATA
J. P. Corley

Table D.II-1

This table shows direct temperature measurements made just
downstream from the ends of the reactor outfall lines. The
procedure generally was to probe the river at the selected dis-
tance to find the maximum temperature in the cross section.

Temperatures were measured with a resistance thermometer.

In most cases, readings were taken at several depths at
the indicated point to determine the degree of mixing, and the
depth of the maximum reading. Although not shown, the depth
readings show little difference vertically at 400-yard dis-
tances, even at the lower river flow rates. At 100-yard dis-
tances and low river flow rates, vertical mixing is not com-
plete and the maximum reading frequently occurs at some depth

beneath the water surface.

In the table, QR is river flow rate as measured at the
Priest Rapids gage station, adjusted for time of wave travel
to the outfall whenever the flow rate was changing rapidly.
TR is the river temperature measured just upstream from the
end of the outfall line. AT equals Tmax minus TR.

B and C outfall lines, like the D and DR lines, are less
than 400 yards apart. The 400-yard distances, therefore, were

measured from the downstream line, C and DR respectively.

Except where noted by an approximation symbol, the accu-

racy of the data is believed to be:

and T, at 400 yards = +0.2 °C

TR ax

Qp = 5%
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Table D.II-2

Sets of traverse markers have been set up at 400 yards,
1/2 mile, and 1 mile below each of the reactor outfalls, and
above N and D Area river pump intakes. Data for all these loca-
tions is given in the several sections of Table D.II-2. Time

has not permitted measurements at all points on any one date.

River traverses for temperature measurements only were
made with the resistance thermometer probe suspended from the
boat at a water depth of about 2 feet. When temperature mea-
surements were taken in conjunction with dye tests, a contin-
uous sample line was used with the intake about 2 feet beneath
the water and the resistance thermometer installed through a
fitting into the sample line. A stadimeter was used for lateral
distance measurement, and a fathometer for water depth. The
instruments, procedure and some early data have been discussed
in more detail in HW-80888.*

In the tables, those reactors operating upstream from the
traverse location are indicated. Where an asterisk appears,
the reactor was shut down and effluent flow rate had been
reduced; but, the temperature of the effluent was still well

above river temperature.

River flow rate was determined, as in Table D.II-1 from
the Priest Rapids gage record, as was the base river temperature,
TPR' At’ the cross-sectional area, was calculated from the
tabulated distance and depth measurements, and the mean river
temperature T for the cross section was calculated by the mean-
section method as:

Tm L (wx dave X Tave)

 (wxd

ave)

* J. P. Corley, Effects of Hanford Operations on Columbia
River Temperatures - Interim Report No. 2, HW-80888.
December 3, 1964. (original classified)
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In some of the tables, a column is shown headed, for example,

"B Effluent Units.'" This is the measured relative concentration
of effluent from the named reactor at the cross section. In

all such tables, Rhodamine B dye was being pumped continuously
into the reactor outfall. The units shown are actually dial
readings on the Turner Fluorometer used to measure dye concen-
trations in river water. Since the addition rate and apparent

dye loss varied between tests, it is not possible to compare
directly the indicated units values for different days. However,
for the same date at different locations, the indicated units

should be comparable.

Accuracy of the temperature data is the same as for Table D.II-1

data, except where the notation "est."

appears. Depth accuracy
is generally +2 feet, although frequent difficulties with fatho-
meter equipment may be reflected in several traverses for which
the depths and calculated areas do not reconcile with other data
from the same location. The most frequent errors in the data
occur in the lateral distance measurement. It is difficult to
maintain a straight line with the boat at uniform traverse speed
in the high and fluctuating water velocities usually found in

this section of the river.

No attempt has been made here to reconcile all the traverses
at a given location; the only changes in the raw data have been
calibration corrections. It is believed that showing the actual
run-to-run variations will permit the user of this data to do so

more intelligently.

D.II.3



BNWL-1345

TABLE D.II-1. Effluent Plume Temperatures

TABLE D.II-1. Effluent Plume Temperatures

100 yd 400 yd
o o o o o
Outfall Qs ofs Ty °C T .. °C AT, °C T °C AT, °C
1904-B-C 41,000 7.15 11.1 3,95 7.65 3.6
54,000 6.45 10.6 4.15 9.45 3.0
87,000 10.5 14.4 2.6 11.8 1.3
115,000 4.6 8.3 3.7 6.4 1.8
160,000 9.35 10.95 1.6 - -
189,000  16.7 17.85 1.15 17.95 1.25
255,000  10.45 11.65 1.15 11.4 0.95
1904-X ~45,000 3.80 10.15 6.35 9.35 5.55
71,000 7.45 10.15 2.7 9.5 2.05
~80,000 5.45 9.45 4.0 7.85 2.40
153,000 9.1 9.9 0.8 - -
241,000 10.95 12.95 2.0 12.3 1.35
277,000 12.8 - - 14.15 1.35
1904-D-DR 77,000 9.1 13.7 4.6 12.5 3.4
108,000 6.15 8.3 2.15 7.25 1.1
140,000 18.05 20.35 2.3 19.90 1.85
237,000 11.3 12.6 1.3 12.2 0.9
277,000 13.2 - - 14.05 0.85
1908-N 140,000 3.55 6.8 3.25 6.05 2.5
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TABLE D.II-2. River Temperature Traverses -
400 Yards Below C
(River Mile: 383.8)

Date: 3-18-65 Date: 3-18-65
Time: 1025 Time: 1035
River Flow Rate: 95,000 cfs River Flow Rate: 95,000 cfs
Distance B Distance B
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
25 7.5 4.6 0 25 8.5 4.8 0
50 22 4,55 0 50 14 4,6 0
75 22.5 4.5 0 75 16 - 0
100 23.5 4,85 0 100 18 4.55 0
125 25.5 5.65 32 125 21 - 0
150 25.5 5.6 70 150 23.5 4,55 0
175 24 5.45 46 175 23.5 5.7 16
200 22.5 5.75 19 200 22.5 5.45 68
225 23.5 4.85 2 225 26.5 4.75 14
250 17 4.55 0 250 24.5 4.6 0
275 13 4,55 0 275 17 4.6 0
300 8.5 4.5 0 300 12 4.6 0
325 5.5 4.5 0 325 8.5 4.6 0
350 4.5 4.5 0 350 7.5 4.6 0
375 3.5 4.5 0 375 5.5 4.6 0
400 3.5 4.5 0 400 9.5 4,55 0
425 4.5 4.5 0 425 9.5 4.55 0
450 5.5 4.5 0 450 5.5 4.5 0
475 6.5 4.5 0 475 3 4.7 0
480 0 - 480 0 -
A, = 19,600 ft? A, = 20,200 2
T, = 4.95 °C T = 4.8 °C
Top = 4.1 °C

NOTE: On Tables D.II-2 through D.II-15 the following nomenclature is used:

At = cross section area, ft2

T = mean stream temperature, °C

m

Tpr = river temperature at Priest Rapids, °C
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TABLE D,.II-2.

(contd)

BNWL-1345

River Temperature Traverses -
400 Yards Below C

(River Mile: 383.8)
Date: 5-26-66 Date: 11-8-64
Time: 1105 Time: 0920
River Flow Rate: 175,000 cfs River Flow Rate: 40,000 cfs
Distance Distance C
from Plant Depth, Temp, from Plant Depth, Temp, Effluent
Shore, yd ft °C Shore, yd ft °C Units
0 2 12.5 30 9.5 11.6 0
25 7 12.2 50 10.5 15.0 25
45 20 11.85 75 13 15.0 52
70 27 12.8 100 13 18.6 71
95 30 13.0 125 11.5 17.1 29
120 30 11.85 150 8 15.6 5
145 28 11.75 175 7.5 13.9 0
170 28 11.75 200 13.5 12.0 0
195 24 11.75 225 13 11.6 0
220 19 11.75 250 11.5 11.6 0
245 15 11.75 275 8.5 11.5 0
270 14 11.75 290 5. 11.3 0
295 10 11.75 330 0 - 0
320 10 11.75
345 9 11,75
370 9 11.8
395 9 11.8
420 12 11.85
445 7 11.9
470 7 12.1
495 6 12.25
520 4 12.6
545 2 13.4
570 2 13.45
580 0 -
A, = 24,600 ft° = 8,500 ft?
Tm = 12,05 °C - 14,0 °C
TPR = 11.8 °C PR = 12.0 °C
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BNWL-1345

TABLE D.II-3. River Temperature Traverses - 0.5 Mile Below C
[River Mile: 383.5 (Plant shore to island

only) 1]
Date: 5-26-66 Date: 5-26-66
Time: 1250 Time: 1300
River Flow Rate: 185,000 cfs River Flow Rate: 185,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
5 2 12.55 5 2 12.5
25 11 12.35 25 - 12.45
50 15 12.15 50 - -
70 21 12.05 70 18 12.4
95 22 13.0 95 21 12.2
120 24 13.1 120 25 12.9
145 20 12.25 145 22 12.9
170 20 11.95 170 24 12.3
195 23 11.9 195 25 11.95
220 25 11.9 220 25 11.75
245 23 11.9 245 25 11.75
270 21 11.9 270 22 11.75
295 17 11.9 295 20 11.75
320 16 11.95 320 18 11.75
345 12 11.95 345 16 11.8
370 9 12.0 370 15 11.8
395 7 12.0 395 13 11.8
420 5 12.05 420 12 11.8
445 4 12.05 445 9 11.85
470 4 12.1 470 5 11.95
495 2 12.1 495 4 11.9
505 2 12.1 505 2 12.0
A, = 22,300 ft° A, = 25,500 £t
Tm = 12.15 °C T, = 12.1 °C
TPR = 11.8 °C
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BNWL-1345

TABLE D.II-4. River Temperature Traverses - 1 Mile Below C
(River Mile: 383.0)

Date: 8-4-64 Date: 8-6-64 Date: 8-6-64
Time: 1340 Time: 0830 Time: 0840
River Flow Rate: 185,000 cfs River Flow Rate: 160,000 cfs
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
5 3.5 17.35 25 11.5 16.85 25 - 16.5
25 7.5 17.25 50 12 - 50 14 16.8
50 14 17.35 75 13 16.95 75 15 16.85
65 17 17.0 100 14 - 100 16 17.0
90 18 16.95 125 15 17.05 125 18 17.25
115 19 17.1 150 15.5 - 150 - -
140 20 17.15 175 16 17.45 175 - 17.5
165 18 17.15 200 17 17.55 200 19 17.45
190 - 17.05 225 17 17.5 225 19 17.3
215 20 16.95 250 18 17.3 250 17 17.15
240 20 16.9 275 17 17.05 275 16 17.0
265 20 16.9 300 15 16.95 300 17 16.95
290 19 16.9 325 15.5 - 325 17 16.95
315 19 16.9 350 16 16.9 350 15 16.9
365 17 16.9 375 15.5 - 375 14 16.9
415 15 16.9 400 15 16.9 400 12 16.9
465 9.5 16.9 425 11 - 425 . 9.5 16.9
510 0 - 450 6.5 16.95 450 7.5 16.9
490 0 -- 490 0 -
A, = 23,900 ft’ A, = 18,900 ft’ A, = 18,900 £t
T, = 17.0 °C T, =17.1 °C T, =17.1 °C
Tpgr = 16.4 °C Tpr = 16.4 °C

D.II.8



BNWL-1345

TABLE D.II-4, (contd)' River Temperature Traverses -
1 Mile Below C
(River Mile: 383.0)

Date: 3-18-65 Date: 5-26-66
Time: 1050 Time: 1142
River Flow Rate: 95,000 cfs River Flow Rate: 177,000 cfs
Distance B Distance
from Plant Depth, Temp, Effluent from Plant Depth, Temp,
Shore, yd ft °C Units Shore, yd ft °C
) 3.5 4.8 0 5 2 12.2
25 6.5 4,75 0 25 10 12.0
50 12 4.75 0 60 15 11.95
65 16 4.75 0 85 17 12.1
90 17 4.9 0 110 18 12.6
115 18 5.0 0 135 16 12.25
140 20 5.3 4 160 19 11.95
165 15.5 5.6 25 185 18 11.75
190 13.5 5.45 48 210 18 11.7
215 22 4,85 23 235 18 11.7
240 21 4.7 2 260 17 11.7
265 15.5 4.6 0.5 285 16 11.7
290 15.5 4.65 0 310 15 11.75
315 13 4,65 0 335 13 11.75
340 9.5 4.65 0 360 10 11.85
365 6.5 4.65 0 385 9 12.05
390 5.5 4.65 0 410 10 12.1
415 3 4.65 0 495 10 12.0
440 0 - 0 510 10 12.1
535 5 12.2
560 2 12.3
A, = 16,700 £t A, = 21,600 f£t?
Tm = 4,9 °C Tm = 11.95 °C
TPR = 4.1 °C TPR = 11.8 °C
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TABLE D.II-5,

Date:
Time:

Distance
from Plant
Shore, yd

5
25
40
65
90

115
140
165
190
215
240
265
290
315
340
365
390
415
440
450
470

River Temperature Traverses -

400 Yards Below K

(River Mile:

3-4-66
1315
River Flow Rate:

381.5)

115,000 cfs

Depth,
ft

3.
8.
10.
10.
10.

12
16
20

26.
31.
31.

29
28

26.

16

22,900 ft

O W ~ O W W
(2 BN s BN ¥ a BN 2 BN ¥

5
5
5
5
5

2

4.15 °C
3.4 °C

D.II.10

Temp,
°C
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BNWL-1345

TABLE D.II-5. (contd) River Temperature Traverses -
400 Yards Below K
(River Mile: 381.5)
Date: 4-3-66 Date: 4-3-66
Time: 1015 Time: 1025
River Flow Rate: 39,000 cfs
Distance KE Distance KE
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units  Shore, yd ft °C Units
10 2 11.3 24 10 2 - -
30 5 11.25 51 30 4 - 30
55 5 13.5 78 55 7 12.0 65
80 15 12.0 51 80 8 13.0 67
105 8 11.5 24 105 9 10.8 24
130 3 11.3 27 130 13 11.5 9
155 11 10.5 21 155 18 12.7 22
180 21 13.5 53 180 33.5 13.0 62
205 29 12.9 78 205 32 14.0 69
230 40 12.7 64 230 36.5 - 62
255 35.5 12.6 65 255 32 - 57
280 30 - 2 280 30 6.5 5
305 29 0 305 28 6. 0
330 23 0 330 25 6. 0
355 5 0 355 8 6. 0
380 5 0 380 6 6 0
405 7 . 0 405 7 0
410 0 - 0 410 0 - 0
2 _ 2
Ay = 20,200 £t Ay = 21,900 ft
T = 10.8 °C T = 10.0 °C (est.)
m m
TPR = 6.3 °C
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TABLE D.II-5. (contd)

Date:
Time:

Distance
from Plant
Shore, yd

5
25
50
75

100
125
150
175
200
225
250
275
300
325
350
375
400
425
450
475
490
515

BNWL-1345

River Temperature Traverses -
400 Yards Below 1904-K
(River Mile: 381.5)

5-20-66
1105
River Flow Rate: 195,000 cfs

Depth,
ft

2
11
16
15
15
16
21
26
36.5
39
40
36.5
34.5
31
25
16
17

15

7
4
2
0

31,600 ft°
11.45 °C
10.6 °C

D.II.12

Temp,

12.8
11.1
11.1
11.15
11.45
11.55
11.4
13.35
13.3
11.1
10.95
10.95
11.0
11.0
11.05
11.1
11.15
11.2
11.65
12.3
12.7



TABLE D.II-6.

Distance
from Plant
Shore, yd

50

80
105
130
155
180
205
230
255
280
305
355
380
405
430
480

8-4-64
1405

River Flow Rate:

Depth,
ft

7.5
15
17
18
21
23,
24.
31.
37.
37.
36.
35,
34,
29
18

0

[Sa RS2 B B 2 B B A B S A B 5|

30,900 ft?

17.2 °C
16.4 °C

D.II.13

185,000 cfs

381.3)

Temp,
°C

17,
17.
17.
17.
17.
.15
.45
18.

17
17

18

05

05

.05
17.
17,
16.
16.
16.

0w 0 oo O

BNWL-1345

River Temperature Traverses -
0.5 Mile Below K
(River Mile:



TABEL D.II-6.

(contd)

Date: 9-1-64
Time: 1020
River Flow Rate:

BNWL-1345

River Temperature Traverses -

0.5 Mile Below K

(River Mile: 381.3)

Date: 9-1-64
Time: 0830

80,000 cfs (est.) River Flow Rate:

80,000 cfs (est.)

Distance Kw Distance KW
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units  Shore, yd ft °C Units

25 5.5 16.8 1 25 5.5 16.8 2
50 5.5 16.8 2 50 7.5 17.05 2
75 7.5 17.2 8 75 8.5 17.2 8
100 8.5 17.4 11 100 8.5 17.6 14
125 12 17.35 10 125 11.5 17.3 9
150 14 17.0 4 150 14 17.1 2
175 17 17.15 4 175 14 17.2 3
200 25.5 17.4 6 200 22.5 17.2 )
225 28 17.9 15 225 26.5 17.8 13
250 29 17.8 16 250 30.5 17.75 15
275 28 17.2 10 275 24.5 17.6 13
300 28 17.0 1 300 28 17.1 6
325 28 16.8 1 325 27 16.9 -
350 - 16.6 1 350 25.5 16.75 -
375 20 16.6 1 375 20 16.6 0
400 12 16.6 0 400 10.5 16.5 0
425 19 16.55 0 425 19 16.5 0
450 18 - 0 450 18 16.5 0
500 5.5 16.5 0 500 5.5 16.5 0
525 - 0 525 0 - 0
A, = 25,600 ft’ A, = 25,000 ft
Tm = 17.05 °C Tm = 17.45 °C
TPR = 16.2 °C TPR = 16.1 °C
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BNWL-1345

TABLE D.II-6. (contd) River Temperature Traverses -

Distance
from Plant

Shore, yd
55

70

95
120
145
170
195
220
245
270
295
320
345
370
395
420
445
470
480

0.5 Mile Below K
(River Mile: 381.3)

Date: 11-28-64
Time: 0830
River Flow Rate: 41,000 cfs

Depth, Temp,
ft °C
3.5 13.2
5.5 13.2
9.5 12.6
7.5 12.75

10.5 12.6
17.5 13.0
24.5 13.0
25.0 12.55
25.5 12.4
25.5 12.7
25.5 11.9
20 -
10.5 -
- 8.95
7.0 8.9
- 8.9
- 8.9
3.5 8.95

A, = 17,700 ft?

t

T = 11.75 °C
m

TPR = 9.4 °C

D.II.15

KW
Effluent

Units

20
30
34
36
35
35
36
31
34
37
31
16
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BNWL-1345

TABLE D.II-6. (contd) River Temperature Traverses -
0.5 Mile Below K
(River Mile: 381.3)

Date: 3-18-65 Date: 3-18-65
Time: 1130 Time: 1140
River Flow Rate: 95,000 cfs River Flow Rate: 95,000 cfs
Distance B Distance B
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 - - 2 5 - 5.55 2
25 3.5 5.2 2 25 5.5 5.2 2
50 8.5 5.3 2 50 4.5 5.25 2
75 8.5 5.2 2 75 7.5 5.4 3
100 10.5 5.5 2 100 - 5.7 3
125 9.5 6.1 3 125 7.5 5.7 7
150 12 6.0 3 150 8.5 5.3 10
175 15 5.6 10 175 12 5.7 18
200 24.5 5.4 14 200 17 6.7 20
225 30.5 6.4 16 225 27 7.1 18
250 33.5 7.5 19 250 32.5 6.2 14
275 32.5 7.8 16 275 31.5 4.75 9
300 29 5.6 9 300 33.5 4,65 3
325 27 5.2 3 325 29 4.6 1
350 23,5 5.0 3 350 29 4.6 1
375 15 4,85 1 375 22 4.6 0
400 7.5 4.8 1 400 8.5 4.6 0
425 10.5 4,75 1 425 9.5 4.6 0
450 9.5 4,7 0 450 7.5 4.7 0
475 5.5 4.75 0 475 5.5 4.7 0
480 0 - 0 480 0 - 0
A, = 23,400 ft’ A, = 22,500 £t
Tm = 5.85 °C T, = 5.25 °C
TPR = 4,2 °C
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BNWL-1345

TABLE D.II-6. (contd) River Temperature Traverses -
0.5 Mile Below K

. (River Mile: 381.3)
Date: 4-8-65 Date: 3-4-66
Time: 1043 Time: 1325
River Flow Rate: 65,000 cfs River Flow Rate: 115,000 cfs
Distance (est.) Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
20 4.8 7.95 25 3.5 4.1
40 7.2 7.5 70 9.5 4.0
. 90 10,2 7.55 95 10.5 4.3
140 15.3 7.05 120 12 4.4
190 23.3 7.75 170 14 3.9
’ 240 29.5 7.55 195 16 4.0
290 28.8 6.0 220 20 4.1
340 22.3 6.0 245 24.5 5.9
. 390 10 6.0 270 29 5.5
440 7.5 6.0 295 29 4.0
. 455 5.5 6.4 320 29 3.5
470 0 - 345 29 3.5
370 26.5 3.5
395 19 3.5
420 13 3.5
445 12 3.5
470 10.5 3.6
495 2 3.6
510 0 -
2 _ 2
A, = 23,200 ft At = 24,300 ft
Tm = 6.8 °C Tm = 4,1 °C
TPR = 5.4 °C TPR = 3.4 °C
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BNWL-1345

TABLE D.II-6. (contd) River Temperature Traverses .-
0.5 Mile Below K
(River Mile: 381.3)

Date: 4-3-66 Date: 4-3-66
Time: 1055 Time: 1105
River Flow Rate: 39,000 cfs River Flow Rate: 39,000 cfs
Distance KE Distance KE
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
55 4 11.75 22 55 3 - -
65 8 12.2 56 65 6 - 43
90 8 12.2 44 90 8 12.05 37
115 10 11.5 30 115 10 12.25 20
140 15 10.9 15 140 14 11.45 16
165 15 10.8 37 165 16 10.5 28
190 16 11.0 50 190 28 11.0 45
215 23 11.1 42 215 31 10.9 40
240 30 10.3 32 240 33.5 10.8 35
265 33.5 9.5 27 265 31 10.1 29
290 36.5 8.5 17 290 31 9.8 28
315 28 7.1 3 315 26 8.45 12
340 16 6.8 0 340 21 6.95 0
365 10 6.7 0 365 19 6.95 0
390 11 6.8 0 390 15 7.55 0
415 9 6.8 0 415 8 7.25 0
440 5 - 0 440 10 7.15 0
455 4 8.0 0 455 4 8.45 0
470 0 - 0 470 0 - 0
A, = 20,400 £t A, = 20,500 £t
T, = 9.35 °C T = 9.6 °C
TPR = 6.3 °C TPR = 6.2 °C
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BNWL-1345

TABLE D.II-6. (contd) River Temperature Traverses -
0.5 Mile Below K
' (River Mile: 38l.3)

Date: 5-20-66

Time: 1120
River Flow Rate: 195,000 cfs
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 2 11.9
25 6 11.4
- 70 14 11.3
95 16 11.8
. 120 16 11.8
145 19 - 11.45
170 22 11.45
195 23 12.45
: 220 30 12.6
245 36.5 12.45
- 270 36.5 11.3
295 36.5 11.0
32Q 36.5 10.9
345 35.5 10.85
370 29 10.9
395 18 10.95.
42Q 17 10.95
445 15 11.0
470 11 11.7
495 3 12.45
520 0 -
A, = 32,000 £t’
Tm = 11.45 °C
TPR = 10.6 °C
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BNWL-1345

TABLE D.II-7. River Temperature Traverses - 1 Mile Below K
(River Mile: 380.8)

Date: 8-4-64 Date: 8-6-64 Date: 8-6-64
Time: 1415 Time: 0855 Time: 0905
River Flow Rate: 185,000 cfs River Flow Rate: 160,000 cfs River Flow Rate: 160,000 cfs
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C Shore, yd ft °C
50 5.5 16.95 70 3.5 17.1 70 3.5 17.05
75 6.5 16.95 95 6.5 17.0 95 - -
100 7.5 16.95 120 13 17.1 120 8.5 17.25
125 14 17.15 145 17 17.2 145 - -
150 20 17.2 170 19 17.3 170 16 17.4
175 28 17.4 195 29 17.5 195 21 17.55
200 34.5 17.7 220 40 18,05 220 39 17.65
225 36.5 17.85 245 40 18.2 245 40 18.1
250 39 17.5 270 - - 270 40 18.2
275 40 17.05 295 37.5 17.65 295 37.5 17.85
300 40 16.8 320 37.5 17.3 320 36.5 17.25
325 39 16.7 345 38.5 17.0 345 36.5 17.0
350 39 16.65 370 36.5 16.9 370 36.5 16.85
375 38.5 16.65 395 36.5 16.85 395 38.5 16.8
400 34.5 16.7 420 31.5 16.8 420 34.5 16.8
425 28 16.75 445 27 16.8 445 16 16.75
450 19 16.95 470 12 16.75 470 10.5 16.75
475 10.5 - 530 0 - 530 0 -
500 5.5 -
540 0 -
A, = 34,300 ft? A, = 34,200 ft? A, = 31,900 ft?
T, = 17.15 °C Tm = 17,35 °C Tm = 17.35 °C
Tpp = 16.4 °C Tpg = 16.4 °C

D.II.20Q



BNWL-1345

TABLE D.II-7. (contd) River Temperature Traverses -~
1l Mile Below K
(River Mile: 380.8)
Date: 9-1-64 Date: 9-1-64
Time: 1105 Time: 1115
River Flow Rate: 100,000 cfs (est.) River Flow Rate: 100,000 cfs (est.)
Distance KW Distance
from Plant Depth, Temp, Effluent from Plant Depth, Temp,
Shore, yd ft ° Units Shore, yd ft °C
25 4.5 17.3 2 25 4,5 17.3
50 11 17.4 5 50 5.5 17.3
75 22.5 17.3 6 75 15 17.3
100 25.5 17.25 3 100 24,5 17.4
125 30.5 17.5 7 125 26.5 17.8
150 30.5 17.85 11 150 33.5 17.8
175 33.5 17.85 9 175 33.5 18.0
200 23.5 17.5 1 200 33.5 17.6
225 32.5 17.1 0 225 32.5 17.0
250 32.5 17.0 0 250 30.5 16.0
275 31.5 16.85 0 275 29 16.9
300 33 16.8 0 300 23.5 16.8
325 23.5 16.8 0 325 19 16.8
350 11 16.8 0 350 8.5 16.8
375 4 16.8 0 375 - 16.9
380 - 0 380 0 -
A, = 26,200 ft” A, = 23,800 ft’
T, = 17.25 °C T, = 17.3 °C
Tpp = 16.3 °C
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BNWL-1345

TABLE D,II-7. (contd) River Temperature Traverses -
1 Mile Below K
(River Mile: 380.8)

Date: 11-8-64

Time: 1015
River Flow Rate: 40,000 cfs
Distance C
from Plant Depth, Temp, Effluent
Shore, yd ft °C Units
25 4.5 16.3 12
60 11 16.0 13
85 22 16.05 20
110 27 16.2 25
135 28 15.7 25
160 27 14.95 24
185 27 14.65 20
210 27.5 13.95 13
235 25 13.1 6
260 24 12.55 3
285 19.5 12.25 1
310 9 11.65 0
335 4.5 11.5 0
340 0 - 0
A, = 19,000 ft
T, = 14.45 °C
Tpp = 12.0 °C
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TABLE D.II-7. (contd) River Temperature Traverses -
1 Mile Below K
(River Mile: 380.8)

Date: 11-28-64 Date: 11-28-64
Time: 0910 Time: 0925
River Flow Rate: 41,000 cfs River Flow Rate: 41,000 cfs
Distance Kw Distance - KW
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 3.5 13.0 10 5 3.5 - 11
20 - - 11 20 12 - 29
45 22 12.95 32 45 24.5 12.9 38
70 26.5 13.15 37 70 27 13.2 37
95 29 13.35 37 95 29 12.8 33
120 26.5 13.0 37 120 29 12.2 28
145 27 12,0 30 145 26.5 11.2 19
170 29 11.0 23 170 27 10.7 13
195 27 10.4 15 195 29 10.2 1
220 24.5 10.1 12 220 22 9.3 0
245 17 9.5 8 245 - - 0
270 14 9.1 5 270 8.5 8.8 0
295 8.9 3 295 - - 0
315 . 8.6 0 315 3.5 8.7 0
320 0 - 0 320 0 - 0
A, = 18,700 £t A, = 19,900 ft?
Tm = 11.55 °C Tm = 11.35 °C
TPR = 9,4 °C
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BNWL-1345

TABLE D.II-7. (contd) River Temperature Traverses -
1 Mile Below K
(River Mile: 380.8)

Date: 4-4-65 Date: 3-4-66
Time: 1030 Time: 1440
River Flow Rate: 42,000 cfs River Flow Rate: 115,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
25 9.3 65 3.5 4.4
35 9.1 90 6.5 4.2
60 8.1 115 14 4.3
85 7.2 140 15 4.4
110 No 7.2 165 29 4.1
135 valid 7.35 190 32.5 4.0
160 data 7.25 215 31.5 5.1
185 6.5 240 32.5 5.2
210 5.9 265 31.5 4.1
235 5.5 290 30.5 3.6
260 5.35 315 29 3.6
285 5.3 340 28 3.5
31Q 5.3 365 19 3.6
335 5.3 390 14 3.6
360 6.1 415 3.6
375 - 425 .5 3.7
455 0 -
A, = Unknown A, = 24,000 ft
T, = 6.4 °C (est.) T, = 4.1 °C
TPR = 5.2 °C TPR = 3.4 °C
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TABLE D.II-7. (contd) River Temperature Traverses -
1 Mile Below K
(River Mile: 380.8)

Date: 5-20-66

Time: 1145
River Flow Rate: 195,000 cfs
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 2 11.6
25 5 | 11.7
50 6 11.45
75 6 11.45
100 8 11.7
125 16 11.5
150 25 11.45
175 35.5 11.8
200 39 12.3
225 40 12.3
250 40 11.5
275 39 11.0
300 38 10.95
325 31 11.0
350 29 11.1
375 24 11.2
400 17 11.35
425 9 11.9
450 3 13.5
475 0 -
A, = 30,700 ft°
Tm = 11.5 °C
TPR = 10.6 °C
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TABLE D.II-8.

BNWL-1345

River Temperature Traverses -~ Above N

(River Mile: 380.0)
Date: 2-1-65 Date: 2-10-65 Date: 3-5-65
Time: 1230 Time: 1350 Time: 0810
River Flow Rate: 65,000 cfs River Flow Rate: 135,000 cfs River Flow Rate: 90,000 czts
Distance Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft ° Shore, yd ft °C Shore, yd ft °C
S 3.5 8.7 5 5.5 4,85 S 4,5 4.0
25 8.5 8.1 25 14.5 4,35 25 16 4,1
50 12 7.65 50 20 4,05 50 15 4.1
95 15.5 6.45 90 22.5 4,05 75 16.5 4,2
145 14.5 6.2 140 21 4,05 90 17.5 4.2
195 11.5 6.45 190 18 4,25 115 18 4.2 .
245 14 6.8 240 20.5 4.4 140 18.5 4.2
295 19.5 6.9 290 25.5 4.6 165 16 4.2
345 32.5 5.75 340 39 4.3 190 16 4,2
395 33.5 4.8 390 40 3.75 215 14.5 4.25 -
445 18.5 4,4 440 28 3.45 240 15 4.3
495 8.5 4.35 490 19 3.45 265 18.5 4,35
545 5.5 4,35 540 12.5 3.5 290 21 4.35
565 0 590 8.5 3.55 315 23 4.4
600 0 - 340 27.5  4.35 )
365 30.5 4.2
390 35.5 4.0
415 35.0 3.9 b
440 30 3.65
465 23 3.65
490 15.5 3.6 .
515 12 3.6
540 10 3.6
565 7.5 3.55 *
590 3.5 3.55
595 0 -
A, = 27,700 £t? A, = 39,900 £t’ A, = 33,500 ft’
Tm = 5,85 °C Tm = 4.0 °C Tm = 4,05 °C
Tpp = 4.2 °C Tpg = 3.0 °C Tpg = 3.6 °C
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BNWL-1345

ABLE D.II-9., River Temperature Traverses - 100 Yards Below N
(River Mile: 379.6)

Date: ©6-5-64

Time: 0914
River Flow Rate: 325,000 cfs
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 5.5 15.3
100 41 . 12.6
125 39.5 12.65
150 35.5 12.75
175 33.5 12.9
200 - 12.95
225 32.5 13.0
250 37.5 12.95
275 41 12.9
300 45.5 12.75
325 46.5 12.65
350 47.5 12.6
375 46.5 12.5
400 41 12.5
425 35.5 12.5
450 26.5 12,5
475 24,5 12.5
500 22 12.55
525 19 12.55
550 17 12.6
575 12 -
600 7.5 12.7
620 0 -
A, = 56,000 ft’
TIn = 12.85 °C
TPR = 12.0 °C
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TABLE D.II-10.

BNWL-1345

River Temperature Traverses - 400 Yards Below N

(River Mile: 379.4)
Date: 8-27-64 Date: 8-27-64
Time: 1142 Time: 1148
River Flow Rate: 110,000 cfs (est.) River Flow Rate: 110,000 cfs (est.)
Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 5.5 19.3 3 5 3.5 18.9 2
25 12 19.0 3 25 8.5 18.7 2
50 18 18.9 3 50 17 18.5 1
85 25.5 18.45 0 85 26,5 18.35 1
110 28 18.4 0 110 28 18.5 2
135 25.5 18.4 2 135 26.5 18.6 4
160 24.5 19.1 49 160 25.5 19.0 29
185 22.5 19.1 60 185 23.5 19.35 65
210 21 18.8 22 210 22 19.3 73
235 23.5 18.4 3 235 21 18.9 50
260 - 18.25 1 260 22.5 18.4 1
285 30.5 18.15 1 285 30.0 18.1 0
310 31.5 18.0 1 310 31.5 18.1 0
335 31.5 18.0 0 335 30.5 18.05 0
360 27 18.0 0 360 30.5 18.0 0
385 17 17.95 0 385 29.0 17.9 0
410 13 17.9 0 410 21 17.9 0
435 10.5 17.9 0 435 14 17.9 0
460 18 17.9 0 460 9.5 17.9 0
485 7.5 17.9 0 485 7. 17.95 0
505 7.5 18.0 0 505 7. 18.0 0
520 0 - 0 520 0 - 0
A, = 32,000 ft” A, = 32,900 ft”
Tm = 18.35 °C T, = 18.4 °C
TPR = 17.3 °C PR~ 17.3 °C
TN = 25 °C
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TABLE D.II-10.

(contd)

Date: 9-1-64

BNWL-1345

River Temperature Traverses -

400 Yards Below N
(River Mile:

Date: 9-1-64

379.4)

Time: 1150 Time: 1200
River Flow Rate: 105,000 cfs (est.) River Flow Rate: 105,000 cfs (est.)
Distance N Distance N
from Plant Depth, Temp, Effluent <£from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 4.5 18.0 8 5 4.5 18.1 9
25 5.5 18.0 9 25 7.5 18.0 8
50 7.5 17.9 8 50 20 17.7 7
90 24.5 17.6 6 90 27 17.5 6
115 28 17.8 4 115 22.5 17.5 2
140 26.5 17.8 1 140 26 17.6 1
190 23.5  17.8 - 190 22,5 17.8 -
215 22 17.55 1 215 22 17.7 2
240 24.5 17.35 1 240 22.5 17.7 2
265 23.5 17.2 0 265 29 17.5 2
290 32.5 17.2 0 290 31.5 17.3 2
315 32.5 17.2 0 315 32.5 17.2 2
340 32.5 17.15 0 340 32.5 17.1 2
365 32.5 17.05 0 365 22.5 17.1 2
390 20 17.0 0 390 20 17.0 2
415 15 17.0 1 415 12 17.0 1
440 12 16.95 1 440 10.5 17.0 1
465 9.5 16.9 0 465 .5 17.0 1
490 7.5 16.95 0 490 .5 17.0 1
515 7.5 17.1 0 515 .5 17.3 1
530 3.5 17.2 0 530 - 17.3 0
535 0 - 0 535 0 - 0
A, = 52,300 £t A, = 31,200 £t
Tm = 17.4 °C Tm = 17,4 °C
TPR = 16.3 °C
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BNWL-1345

TABLE D.II-10. (contd) River Temperature Traverses -
400 Yards Below N
(River Mile: 379.4)

Date: 9-4-64 Date: 9-4-64
Time: 1038 Time: 1043
River Flow Rate: 65,000 cfs River Flow Rate: 65,000 cfs
(est.) (est.)
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
5 2 17.85 5 2 18.65
25 7.5 18.35 25 4.5 18.4
50 14 18.2 50 13 18.2
75 22.5 17.9 75 22.5 17.85
100 24.5 17.75 100 24,5 17.9
125 22.5 18.15 125 23.5 18.4
150 20 18.75 150 21 18.85
175 17 19.05 175 19 19.0
200 17 18.5 200 18 18.6
225 22.5 17.95 225 21.5 17.9
250 29 17.55 250 28 17.3
275 28 17.25 275 28 16.9
300 28 17.05 300 28 16.75
325 26 16.8 325 29 16.65
350 17 16.7 350 21 16.6
375 10.5 16.65 375 13 ©16.55
400 7.5 16.6 400 9.5 16.55
425 4.5 16.6 425 6.5 16.55
450 3.5 16.65 450 4.5 16.6
465 3.5 16.7 465 3.5 16.75
490 0 - 490 0 -
A, = 24,100 £t A, = 25,200 ft°
Tm = 17.65 °C Tm = 17.55 °C
TPR = 16.0 °C
Ty = 30 °C (est.)
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BNWL-1345

TABLE D.II-10. (contd) River Temperature Traverses -
400 Yards Below N
(River Mile: 379.4)
Date: 11-8-64 Date: 11-8-64
Time: 1040 Time: 1050
River Flow Rate: 40,000 cfs River Flow Rate: 40,000 cfs
Distance C Distance C
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
25 - - - 25 4 - 11
50 7.5 16.7 11 50 13 16.6 11
75 16 16.5 10 75 19 16.6 11
100 20 16.3 10 100 20 16.3 11
125 19 15.7 10 125 19 15.9 11
150 18 15.6 11 150 18 15.5 10
175 17 15.6 11 175 18 15.3 9
200 16 15.5 11 200 16 15.35 8
225 15 15.1 11 225 16 15.4 8
250 22.5 15.4 11 250 20 15.3 7
275 24.5 15.0 11 275 23,5 14.8 7
300 24.5 14.6 11 300 24.5 14.2 6
325 24.5 14.0 11 325 24.5 13.9 )
350 23.5 13.3 11 350 22.5 13.5 3
375 20 12.9 9 375 22,5 13.1 1
400 14 12,5 7 400 18 12.7 0
425 . - 3 425 9.5 12.2 0
450 3.5 12.0 0 450 - 12.0 0
460 - 0 460 0 - 0
A, = 20,600 £t A, = 22,600 ft’
Tm = 14.85 °C Tm = 14.8 °C
TPR = 12,0 °C
Ty = 45 °C (est.)
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BNWL-1345

TABLE D.II-10 (contd) River Temperature Traverses -
400 Yards Below N
(River Mile: 379.4)
Date: 11-28-64 Date: 11-28-64
Time: 0940 Time: 1000
River Flow Rate: 41,000 cfs River Flow Rate: 41,000 cfs
Distance Kw Distance KW
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 3.5 12.1 30 5 3.5 12.5 30
25 5.5 12.55 30 25 5.5 - 30
50 10.5 12.6 30 50 10.5 - 30
80 20 12,55 31 80 18 12.7 30
105 = - - 105 20 12.7 27
130 18 12.2 31 130 18 12.55 24
155 18 - 30 155 18 12.2 21
180 16 11.85 28 180 17 11.9 18
205 16 11.65 27 205 15 - 17
230 15 11.45 26 230 15 11.5 15
255 20 11.3 25 255 20 11.4 15
280 24.5 11.05 23 280 26.5 11.2 12
305 24.5 10.7 20 305 24.5 10.9 9
330 24.5 10.5 17 330 24.5 10.6 6
355 24.5 10.1 14 355 24.5 10.2 2
380 22 9.75 12 380 20 9.85 0
405 12 9.35 8 405 12 9.5 0
430 9.5 9.1 6 430 5.5 9.3 0
455 3.5 - 4 455 4.5 9.1 0
480 3.5 8.8 1 480 3.5 8.8 0
500 0 - 0 500 0 - 0
A, = 23,100 ft? - 22,800 ft?
Tm = 11.15 °C = 11.3 °C
TPR = 9.4 °C
Ty = 25 °C (est.)
T (181-N) = 12.1 °C
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BNWL-1345

TABLE D.II-10. (contd) River Temperature Traverses -
400 Yards Below N
(River Mile: 379.4)
Date: 3-18-65 Date: 3-18-65
Time: 1200 Time: 1210
River Flow Rate: 95,000 cfs River Flow Rate: 95,000 cfs
Distance KW Distance KW
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 2 6.4 10 5 3.5 6.3 10
25 12 6.2 9 25 10.5 6.0 10
50 12 6.2 50 18 5.9 10
75 25.5 6.3 14 75 22.5 6.0 11
100 25.5 6.25 14 100 25.5 6.15 14
125 25.5 6.3 14 125 26.5 6.15 14
150 24,5 6.25 14 150 24.5 6.1 14
175 24.5 6.2 14 175 23.5 6.1 14
200 20 6.15 14 200 22 5.95 14
225 26.5 6.1 14 225 20 5.85 13
250 31.5 6.05 14 250 34.5 5.7 13
275 23.5 6.1 13 275 33.5 5.2 11
300 32.5 5.8 10 300 31.5 5.1 8
325 31.5 5.4 6 325 31.5 5.0 5
350 29 5.1 5 350 29 4.9 3
375 23.5 5.05 5 375 20 4.9 2
400 15 4.9 3 400 24.5 4.9 1
425 10.5 4.8 1 425 15 4.8 1
450 7.5 4.8 1 450 13 4.8 1
475 6.5 4.8 1 475 14 4.9 1
500 5.5 4.8 0 500 5.5 4.8 1
515 3.5 5.1 0 515 3.5 5.15 0
520 0 - 0 520 0 - 0
A, = 31,500 ft A, = 33,400 £t°
T, = 5.8 °C T, = 5.5 °C
Tpp = 4.2 °C
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BNWL-1345

TABLE D.II-10. (contd) River Temperature Traverses -
400 Yards Below N
(River Mile: 379.4)

Date: 3-31-66
Time: 1055
River Flow Rate: 85,000 cfs

Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 5 10.7
25 .5 9.5
50 24.5 8.3
85 30.5 7.4
110 33.5 7.5
135 29 8.0
160 26.5 11.3
185 24.5 11.1
210 23.5 9.5
235 30 10.1
260 37.5 7.0
285 35.5 6.6
310 35.5 6.1
333 37.5 5.9
360 24.5 5.9
385 15 5.9
410 12 5.9
435 7.5 6.0
460 8.5 6.2
485 6.5 7.3
490 3.5 7.7
495 0 -
A, = 34,600 ft?
T, =7.76 °C
Top = 3.7 °C
TN = 54 °C

T (181-N) = 8.0 °C
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BNWL-1345

TABLE D.II-11l. River Temperature Traverses - 0.5 Mile Below N
(River Mile: 379.2)

Date: 2-20-66 Date: 2-20-66
Time: 0800 Time: 0810
River Flow Rate: 39,000 cfs River Flow Rate: 39,000 cfs
Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units  Shore, yd ft °C Units
5 2 7.95 2 5 2 7.95 4
25 8 7.65 20 25 5 7.85 20
50 14 8.2 53 50 10 8.15 33
80 19 8.35 49 80 19 8.45 51
130 19 8.65 54 130 19 8.45 53
180 16 8.85 57 180 17 8.85 61
230 14 8.05 51 230 15 8.25 53
280 24 6.8 17 280 23 7.05 27
330 23 5.15 0 330 23 5.25 0
380 18 4,45 0 380 18 4.45 0
430 5 4.2 0 430 6 4.2 0
465 2 4.15 0 465 2 4,15 0
485 0 - 0 485 0 - 0
A, = 21,900 £t A, = 21,700 ft?
Tm = 7.0 °C Tm = 7.0 °C
TPR = 4,4 °C
Ty = 53 °C

T (181-N) = 5.4 °C
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BNWL-1345

TABLE D.II-11. (contd) River Temperature Traverses -
0.5 Mile Below N
(River Mile: 379.2)

Date: 3-31-66

Time: 1145
River Flow Rate: 90,000 cfs
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 3.5 9.8
25 12 8.6
70 26.5 7.3
90 30 7.4
115 30 7.8
140 28 8.4
165 27 10.0
190 26.5 10.1
215 24.5 9.8
240 23.5 7.6
265 30.5 7.1
290 35.5 6.9
315 36.5 6.4
340 36.5 6.1
365 32.5 6.0
390 23.5 6.0
415 12 6.0
440 5.5 6.5
505 3.5 7.5
515 0 -
At = 34,500 ft2
Tm = 7.55 °C
TPR = 5,7 °C
TN = 54 °C

T (181-N) = 8.0 °C
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BNWL-1345

TABLE D.II-12. River Temperature Traverses - 1 Mile Below N
(River Mile: 378.7)
Date: 2-20-66 Date: 2-20-66
Time: 0825 Time: 0837
River Flow Rate: 39,000 cfs River Flow Rate: 39,000 cfs
Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units  Shore, yd ft °C Units
5 2 6.95 6 5 2 6.95 14
25 5 7.6 19 25 4 7.65 22
50 8 7.85 37 50 6 7.95 30
70 11 8.0 33 70 11 8.15 35
120 13 8.0 37 120 15 8.15 42
170 17 8.05 34 170 16 8.05 37
220 15 8.45 48 220 16 8.35 51
270 16 7.35 21 270 15 7.05 29
320 19 6.8 4 320 19 5.9 10
370 20 5.4 0 370 20 4,95 0
420 8 4,85 0 420 8 4.5 0
470 6 4,45 0 470 7 4,35 0
500 2 4,25 0 500 - 4,25 0
515 0 - 0 515 0 - 0
A, = 19,100 £t A, = 19,200 ft?
T, = 7.0 °C T =6.9 °C
Tpr = 4.4 °C
Ty = 53 °C
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BNWL-1345

TABLE D.II-12. (contd) River Temperature Traverses -
1 Mile Below N
(River Mile: 378.7)

Date: 3-31-66

Time: 1205
River Flow Rate: 90,000 cfs
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 4.5 10.0
25 9.5 9.1
40 12 8.2
60 17 7.6
85 21 7.4
110 28 7.4
135 27 7.8
160 26.5 8.1
185 26.5 9.3
210 27 9.5
235 25.5 8.2
260 26.5 7.1
285 31.5 6.8
310 32.5 6.5
335 33.5 6.2
360 33.5 6.1
385 30 6.0
410 22.5 6.0
435 18 -
460 12 6.1
485 7.5
510 4,
525 3.5
540 0 -
A, = 35,100 £t° T, = 5.7 °C
Tm = 7.24 °C TN = 54 °C
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
Above 181-D
(River Mile: 378.0)
Date: 8-6-64 Date: 8-6-64
Time: 0940 Time: 1050
River Flow Rate: 155,000 cfs River Flow Rate: 155,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft ° Shore, yd ft °C
25 13.5 17.45 25 10.5 17.8
60 16.5 17.5 60 16 17.65
85 16 17.55 85 15 17.7
110 15.5 17.65 110 15 17.8
135 16.5 17.8 135 17 17.95
160 19 17.85 160 20 18.1
185 19.5 17.95 185 20 18.15
210 20.5 18.0 210 20 18.1
235 20.5 17.95 235 20 18.0
260 18.5 17.9 260 17 17.9
285 17.5 17.7 285 15 17.85
310 18 17 .55 310 17 17.75
335 17 17.5 335 19 17.65
360 19 17.3 360 19 17.55
385 19 17.2 385 19 17 .4
410 17 17.1 410 17 17 .35
435 20.5 16.95 435 17 17 .25
460 23.5 16.95 460 17 17.2
485 23.5 - 485 22 17 .15
510 23 16.85 510 23.5 17 .15
535 16 16.8 535 22.5 17.1
560 11 16.8 560 12 -
580 0 - 580 0 -
A, = 29,000 £t2 A, = 28,000 £t2
T = 17.45 °C T = 17.6 °C
m m
_ o - ]
TPR = 16.4 °C TPR = 16.4 °C
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
Above 181-D
(River Mile: 378.0)

Date: 8-27-64 Date: 8-27-64
Time: 1200 Time: 1215
River Flow Rate: 100,000 cfs (est.) River Flow Rate: 100,000 cfs (est.)
Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 3.5 19.1 2 5 3.5 18.8 2
25 10.5 18.9 2 25 12 18.7 2
40 - - 2 40 12 18.5 1
65 13 - 1 65 12 18.45 1
90 13 18.4 1 40 10.5 18.4 1
115 13 18.4 2 110 13 18.4 2
140 16 18.5 9 140 15 18.5 8
165 16 18.6 20 165 16 18.6 19
190 16 18.7 28 190 16 18.7 29
215 16 18.7 31 215 16 18.7 28
240 15 18.6 18 240 13 18.35 13
265 13 18.4 7 265 13 18.25 6
290 13 18.25 2 290 13 18.15 2
315 15 18.2 1 315 15 18.1 1
340 15 18.15 1 340 15 18.1 0
365 15 18.1 1 365 15 18.0 0
390 15 18.1 1 390 13 18.0 0
415 15 18.05 0 415 13 18.0 0
440 13 18.0 0 440 15 18.05 0
465 15 18.0 0 465 20 18.0 0
490 20 18.05 0 490 20 18.1 0
515 20 18.1 0 515 15 18.15 0
540 17 18.1 0 540 6.5 18.2 0
565 5.5 18.3 0 565 5.5 - 0
575 0 - 0 575 0 - 0
A, = 24,400 £t A, = 22,700 £t
Tm = 18.35 °C Tm = 18.25 °C
TPR = 17.3 °C TPR = 17.3 °C
TN = 25 °C (est.) Ty = 25 °C (est.)
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
Above 181-D
(River Mile: 378.0)

Date: 9-1-64 Date: 11-8-64

Time: 1245 Time: 1100

River Flow Rate: 105,000 cfs River Flow Rate: 40,000 cfs
(est.)

Distance Distance C
from Plant Depth, Temp, from Plant Depth, Temp, Effluent
Shore, yd ft °C Shore, yd ft °C Units

5 4.5 18.3 5 5.5 16.6 6
25 10.5 18.15 30 7.5 16.1 6
50 14 17.85 55 7.5 16.0 6
75 12.5 17.7 80 7.5 15.85 6

100 12.5 17.7 105 8.5 15.65 6
125 14 17.75 130 9.5 15.55 6
150 16 17.9 155 10.5 15.35 7
175 18 17.9 180 12 15.25 7
200 17.5 17.9 205 12 14.95 7
225 17 17.9 230 8.5 14.7 7
250 17 17.8 255 9.5 14.5 7
275 15 17.8 280 9.5 14.35 7
300 13.5 17.7 305 10.5 14.3 7
325 15 17.6 330 10.5 14.1 7
350 16 17.55 355 11.5 13.95 7
375 16 17.4 380 11.5 13.8 7
400 15.5 17.35 405 10.5 13.6 7
425 15 17.3 430 9.5 13.45 6
450 14.5 17.25 455 7.5 13.35 6
475 15 17.2 480 8.5 13.2 5
500 19 17.2 505 7.5 13.05 5
525 21.5 17.2 530 13 12.55 4
550 18 17.15 555 9.5 - 3
575 9 17.2 580 3.5 11.65 0
600 5 17.4 590 0 - 0
625 4 17.5 (Long)
635 0 -
(Long)

A, = 26,700 £t2 A, = 16,200 £t2

Tm = 17.7 °C Tm = 14.3 °C

TPR = 16.3 °C TPR = 12.0 °C

Ty = 45 °C (est.)
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -

Above 181-D

Date: 11-28-64
Time: 1020
River Flow Rate:

Distance
from Plant Depth,
Shore, yd ft
5 3.5
30 8
55 6.5
80 6.5
105 7.5
130 9.5
155 11.5
180 12
205 11.5
230 10
255 8.0
280 8.5
305 10
330 10.5
355 10.5
380 8
405 8
430 8.5
455 14.5
480 14
505 12.5
530 2
535 0
B 2
At = 14,900 ft
T = 11.3 °C
m

D.I1.43

41,000 cfs

(River Mile: 378.0)

Temp,

°C

12.
12.
12.
12.
12,
12.
12.
12.
11.
11.
11.
11.
11.
11
10.
10.
10.
10
10
10

9.

8.

Tpr
Ty

2]

NP2 1IN~
a1

25

.05

85
7
55

.45
.35
.0

5
9

KW
Effluent
Units

24
29
29
29
29
28
26
25
23
21
20
19
18
17
15
14
13
12
10

8

5
0
-0

= 9.4 °C

25 °C (est.)



BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
Above 181-D
(River Mile: 378.0)

Date: 3-18-65 Date: 3-18-65
Time: 1230 Time: 1240
River Flow Rate: 95,000 cfs River Flow Rate: 95,000 cfs
Distance B Distance B
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units  Shore, yd ft °C Units
5 3 6.5 13 5 3.5 6.5 13
25 8.5 6.45 13 25 6.5 6.45 13
50 10 6.3 12 50 .5 6.25 13
75 12 6.2 12 75 10.5 6.0 13
100 10 6.15 13 100 10.5 6.0 13
125 12 6.15 13 125 15 6.0 13
150 15 6.05 13 150 16 5.95 13
175 16 6.0 12 175 16 5.95 13
200 16 5.95 12 200 17 5.95 13
225 14 5.95 12 225 13 5.9 13
250 12 5.95 12 250 12 5.8 13
275 12 5.95 12 275 14 5.6 11
300 14 5.85 11 300 14 5.45 9
325 15 5.8 11 325 15 5.3 8
350 15 5.7 10 350 15 5.2 7
375 14 5.55 9 375 14 5.1 6
400 12 5.35 7 400 14 5.05 6
425 13 5.25 6 425 19 4,95 5
450 17 5.15 5 450 18 4.9 3
475 18 5.1 5 475 16 4.9 1
500 17 5.0 4 500 22 5.0 1
525 8.5 5.0 2 525 12 5.2 0
550 3.5 5.2 0 550 3.5 - 0
555 0 - 0 555 0
A, = 21,200 ft? A, = 22,600 £t
T = 5.7 °C T, = 5.5 °C
Tpr = 4.2 °c Tpg = 4.2 °C
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
2Above 181-D
(River Mile: 378.0)

Date: 4-8-65 Date: 2-13-66
Time: 1120 Time: 0745
River Flow Rate: 65,000 cfs River Flow Rate: 42,000 cfs
(est.)
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
5 2 9.75 5 3 6.8
40 14 8.55 40 9 7.15
90 12 8.05 65 8 7.1
140 17 7.85 90 9 7.1
190 17 7.6 115 13 7.0
240 14 7.5 140 - 6.9
290 14 7.25 190 - 6.9
340 15 6.95 215 8 6.85
390 14 6.65 240 9 6.6
440 18 6.4 265 8 6.3
490 19 6.4 290 10 6.0
540 2 7.05 315 10 5.7
545 0 - 340 11 5.25
365 10.5 5.15
390 10 5.1
415 9 5.9
440 10 4.8
465 15 4.65
490 14 4.45
515 6 4.2
525 3 4.2
530 0 -
A, = 22,800 ft? A, = 14,900 ft°
t ’ t - ’
T = 7.28 °C T = 5.95 °C
m m
Tpp = 5.6 °C Tpp = 4.6 °C
TN = 20 °C TN = 53 °C
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
Above 181-D
(River Mile: 378,0)

Date: 2-20-66 Date: 2-20-66
Time: 0905 Time: 0915
River Flow Rate: 38,000 cfs River Flow Rate: 38,000 cfs
Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 2 7.45 19 5 2 7.65 23
25 7 7.8 29 25 8 7.85 25
50 8 8.05 38 50 8 - -
60 8 8.05 39 60 8 8.15 36
90 6 8.05 40 90 7 8.15 41
140 10 8.15 39 140 9 8.15 39
190 10 8.4 50 190 11 8.3 46
215 - - - 215 11 7.95 49
240 8 7.55 26 240 9 7.55 39
290 8 6.95 15 290 9 6.55 20
340 10 6.2 6 340 10 5.9 11
390 10 5.65 2 390 9 5.2 2
440 7 5.15 0 440 9 4.95 1
490 13 4,85 0 490 12 4,85 0
540 6 4.5 0 540 5 4,45 0
550 2 4.45 0 550 - 4,45 0
555 0 - 0 555 0 - 0
A, = 14,100 ft? A, = 14,600 ft?
Tm = 6.7 °C Tm = 6.6 °C
TPR = 4.5 °C
TN = 53 °C
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TABLE D.II-13. (contd)

Date: 3-17-66
Time: 1040
River Flow Rate: 68,000 cfs

Distance
from Plant Depth, Temp,
o

Shore, yd ft C
5 4 7.95
25 9 7.55
40 11 7.35
90 10 7.65
140 14 8.2
190 15 7.9
240 11 6.8
290 11 6.0
340 13 5.6
390 12 5.05
440 11 4.85
490 16 4.7
540 4 4.65

550 0 -

A, = 18,900 ft
T = 6.4 °C

Tpp = 4.4 °C

Ty = 55 °C

BNWL-1345

River Temperature Traverses -

Above 181-D
(River Mile: 378.0)

Date: 3-31-66
Time: 1300

River Flow Rate: 90,000 cfs
Distance
from Plant Depth, Temp,
Shore, yd ft °C
5 3.5 8.9
40 17 7.7
65 13 7.5
90 15 7.5
140 21 8.3
165 21 9.1
190 21 8.9
215 14 7.7
240 17 7.3
265 18 7.1
290 20 6.9
340 20 6.5
365 16 6.4
390 17 6.3
415 22 6.2
440 24.5 6.1
465 20 -
490 16 6.2
515 10.3 6.4
530 3.5 7.5
540 0 -
A, = 27,100 £t 2
— o]
T, = 7.15 °C
TPR = 5.7 °C
TN = 54 °C
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BNWL-1345

TABLE D.II-13. (contd) River Temperature Traverses -
Above 181-D
(River Mile: 378.0)
Date: 4-3-66 Date: 4-3-66
Time: 1320 Time: 1340
River Flow Rate: 38,000 cfs River Flow Rate: 38,000 cfs
Distance KE Distance KE
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 3 - 30 5 3 12.9 30
20 9 12.8 31 20 11 12.9 32
45 9 12.7 31 45 9 12.8 32
70 9 12.5 32 70 9 12.5 33
95 11 11.9 33 95 11 12.3 34
120 15 11.7 33 120 16 12.0 35
145 15 11.5 33 145 15 11.6 33
170 15 11.7 31 170 16 11.4 32
195 15 11.0 28 195 16 11.3 31
220 13 10.6 26 220 13 11.2 30
245 10 10.2 26 245 13 10.9 28
270 11 10.0 25 270 13 10.6 26
295 14 10.0 24 295 13 9.9 24
320 16 9.5 23 320 13 9.8 23
345 14 9.3 22 345 13 9.6 23
370 14 8.8 20 370 17 9.0 20
395 12 8.6 18 395 16 8.7 17
420 12 8.5 17 420 13 8.5 15
445 16 8.4 15 445 21 8.2 13
470 21 8.1 13 470 19 8.0 9
495 18 7.9 10 495 13 7.9 6
520 6 - 3 520 8 8.0 4
525 2 9.0 2 525 2 9.0 2
535 0 - - 535 0 - -
A, = 20,500 ft? A, = 21,000 ft’
Tm = 10.0 °C Tm = 2.65 °C
Top = 6.4 °C Tpp = 6.4 °C
Ty = 54 °C
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TABLE D.II-14,

(River Mile:

Date:
Time:

8-14-64
1020
River Flow Rate:

Distance
from Plant Depth,
Shore, yd ft
70 3.5
95 7.5
120 7.5
145 11.5
170 12
195 18
220 21
245 34.5
370 49.5
295 49.5
320 49.5
345 52.5
370 55
395 17
420 16
470 20
495 12
515 5.5
520 0
' 2
Ay = 33,700 ft
T = 18.1 °C
m

D.IT.49

River Temperature Traverses -
0.5 Mile Below 1904-DR
376.8)

130,000 cfs

DR
Temp, Effluent
°C Units
18.1 0
18.1 0
18.0 0
17.85 0
17.85 0
17.85 0
17.95 1
18.45 24
18.65 23
18.7 22
18.6 15
18.3 4
17.85 3
17.4 0
17.15 0
17.1 0
17.1 0
17.5 0
- 0
- o
Tpp = 16.8 °C

BNWL-1345



BNWL-1345

TABLE D.II-14. (contd) River Temperature Traverses -
0.5 Mile Below 1904-DR
(River Mile: 376.8)
Date: 4-11-65 Date: 4-11-65
Time: 1015 Time: 1030
River Flow Rate: 53,000 cfs River Flow Rate: 53,000 cfs
Distance D Distance D
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
25 4.5 8.7 11 25 4.5 8.7 11
40 5.5 8.7 11 40 6.5 8.7 11
65 8.5 8.65 10 65 11 8.85 6
90 17 8.55 g 90 15 9.0
115 21 8.65 9 115 25.5 8.8
140 25.5 8.75 6 140 38.5 8.7
165 40 8.9 2 165 39 8.7 24
190 40 8.45 25 190 41 8.7 26
215 42 8.45 31 215 - 8.5 -
240 43 8.25 22 240 38.5 8.3 27
265 45.5 7.35 8 265 44,5 7.55 6
290 33.5 7.05 0 290 44 7.35 1
310 24.5 7.15 0 310 33.5 7.35 1
335 16 7.25 0 335 20 7.35 0
355 7.55 0 355 2 7.35 0
360 0 - 0 360 0 - 0
A, = 26,600 £t’ A, = 29,100 £t?
Tm = 8.15 °C Tm = 8.2 °C
Tpg = 6.0 °C
TN = 35 °C
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BNWL-1345

TABLE D.II-14. (contd) River Temperature Traverses -
0.5 Mile Below 1904-DR
(River Mile: 376.8)

Date: 3-31-66
Time: 1420
River Flow Rate: 90,000 cfs

Distance
from Plant Depth, Temp,
Shore, yd ft °C
15 9.2
35 8.7
60 8.5
85 8.1
110 7.9
135 7.8
160 No 7.8
185 valid 8.9
210 data 9.1
235 9.1
260 9.0
285 8.0
310 6.6
335 6.3
360 6.3
390 6.3
415 6.4
435 6.4
440 -
At = Unknown
Trn = 7.8 S (est.)
TPR = 5.7 °C
TN = 54 °C
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TABLE D.II-15.

Date:
Time:

River Flow Rate:

8
1

BNWL-1345

River Temperature Traverses -
1 Mile Below DR
(River Mile:

-14-64
030

376.3)

130,000 cfs

Distance DR
from Plant Depth, Temp, Effluent
Shore, yd ft °C Units

15 5 18.1 0
65 32 18.3 10
90 36 18.4 12
115 32 18.5 13
140 32 18.6 14
165 26 18.6 14
190 24 18.5 13
215 22 18.5 11
240 21 18.4 11
265 22 18.35 8
290 21 18.25 7
315 20 18.15 5
340 21 17.95 5
365 22 17.9 5
390 22 17.9 6
415 23 17.95 1
440 24 17.8 0
465 22 17.6 0
515 26 17.3 0
540 13 17.3 0
560 4 17.3 0
565 0 - 0
A, = 38,000 ft
T, =18.1 °C
Tpp = 16.8 °C

D.II.52



TABLE D.II-15. (contd)

Date:
Time:

River Flow Rate:

8-2
124

7-64
5

BNWL-1345

River Temperature Traverses -
1 Mile Below DR

(River Mile:

115,000 cfs

Date:
Time:
River Flow Rate:

3

8-27-64

1

76.3)

255

115,000 cfs

Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units

5 3.5 19.8 5 5 4.5 19.0 2
30 8.5 19.3 2 30 15 19.0 7
55 22 19.2 5 55 26.5 19.0 14
80 25.5 19.1 12 80 29 18.9 14

105 25.5 19.0 12 105 25.5 18.9 14
130 25.5 19.1 15 130 24.5 18.9 12
155 22.5 19.1 15 155 22.5 18.85 9
180 27 19.1 16 180 22.5 18.8 9
205 20 19.1 17 205 22.5 18.8 11
230 20 19.1 17 230 22.5 18.8 13
255 18 18.95 14 255 22.5 18.8 12
280 18 18.8 9 280 24.5 18.7 11
305 18 18.7 8 305 24.5 18.6 10
330 19 18.65 8 330 25.5 18.35 6
355 19 18.55 7 355 26.5 18.3 5
380 19 18.6 8 380 26.5 18.2 3
405 18 18.5 8 405 26.5 18.1 2
430 26.5 18.45 5 430 29 18.1 2
470 20 18.2 1 470 15 18.0 1
495 10.5 18.2 1 495 7.5 18.1 0
515 4.5 18.1 0 515 - - 0
520 0 - 0 520 0 - 0

A, = 29,900 ft? A, = 33,800 £t

T, = 18.85 °C T, = 18.55 °C

Tpp = 17.3 °C Tpp = 17.3 °C

TN = 25 °C (est.)
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TABLE D.II-15.

(contd)

BNWL-1345

River Temperature Traverses -
1 Mile Below DR

(River Mile: 376.3)
Date: 9-1-64 Date: 9-1-64
Time: 1300 Time: 1310
River Flow Rate: 110,000 cfs River Flow Rate: 110,000 cfs
(est.) (est.)
Distance Kw Distance Kw
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 4 17.3 10 5 4 - 10
25 7 17.1 10 25 20 17.1 10
50 14 17.2 9 50 27 17.15 9
100 25 17.4 8 100 26 17.2 8
125 23.5 17.5 7 125 24.5 17.3 6
150 22.5 17.5 6 150 24.5 17.45 5
175 22.5 17.55 6 175 24.5 17.55 4
200 21.5 17.75 6 200 24.5 17.7 3
225 21 17.8 5 225 23.5 17.8 3
250 20 17.9 4 250 24.5 17.8 3
275 21 17.95 3 275 22.5 17.8 3
300 21 18.0 3 300 22.5 17.9 3
325 21 18.05 2 325 23.5 17.9 3
350 21 18.1 2 350 24.5 17.9 2
375 22.5 18.1 2 375 24.5 17.9 2
400 24.5 18.1 2 400 24.5 17.9 2
425 31 18.0 2 425 26 17.9 2
450 - 18.0 2 450 29 17.95 2
475 31 18.25 2 475 28 18.0 1
500 32.5 18.3 - 500 7 18.15 1
525 20 18.4 - 525 5 18.8 1
540 18.8 1 540 3 18.8 1
545 - - 545 0 - -
A, = 33,900 £t = 33,000 ft?
Tm = 17.9 °C = 17.75 °C
TPR = 16.3 °C
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TABLE D.II-15.

Distance
from Plant
Shore, yd

10

15

40

65

90
115
140
165
190
215
240
265
290
315
340
365
390
425
450
470
475

BNWL-1345

River Temperature Traverses -

376.3)

(contd)
1 Mile Below DR
(River Mile:
Date: 9-4-64
Time: 1200

River Flow Rate:

Depth,
ft

5.5
12
36.5
42
29
22.5
20
18
19
20
19
19
20
20
21
21.
22,
27
21.

4.

0

[GalNdy)

oo

31,200 ft°

17.7 °C
= 16.1 °C
30 °C (est.)

D.IT.55

85,000 cfs (est.)

Temp,

°C

18

17

17

17

.95
18.
18.
18.
18.
18.
18.
18.
18.
18.
18.
.9
17.

9

85
8

75
65
55
45
35
2

05

75

.55
17.
17.
17.

45
35
25

.25
17.
17.

2
25



BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -
1 Mile Below DR
(River Mile: 376.3)

Date: ©9-9-64 Date: 9-9-64
Time: 1145 Time: 1155
River Flow Rate: 100,000 cfs River Flow Rate: 100,000 cfs
(est.) (est.)
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
10 3.5 19.75 10 - 19.75
35 28 19.5 35 15 19.7
60 21 19. 35 60 15 19.55
85 22.5 19.25 85 24.5 19.45
110 27 19.2 110 25.5 19.25
135 24.5 19.2 135 24.5 19.15
160 22.5 19.15 160 22.5 19.0
185 - - 185 22 18.8
210 22 18.95 210 22.5 18.55
235 22 18.8 235 22 18.2
260 20 18.7 260 21 18.15
285 20 18.6 285 22 18.45
310 21 18.55 310 22.5 18.6
335 22.5 18.4 335 22.5 18.35
360 22.5 18.1 360 22.5 17.95
385 22.5 17.7 385 23.5 17.75
410 24.5 17.2 410 24.5 17.35
440 28 17.0 440 29 17.1
465 21 16.9 465 25.5 16.9
485 2 17.0 485 3.5 15.85
490 0 - 490 0 -
2 2
At = 32,400 ft At = 30,200 ft
T_ = 18.55 °C T = 18.35 °C
m m
TPR = 16.1 °C TPR = 16.1 °C
T, = 35 °C (est.)
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BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -
1l Mile Below DR
(River Mile: 376.3)

Date: 9-9-64 Date: 9-9-64
Time: 1200 Time: 1300
River Flow Rate: 100,000 cfs River Flow Rate: 110,000 cfs
(est.)
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, vd ft °C
5 2 19.05
10 4.5 19.65 10 4.5 18.95
35 24.5 19.4 35 15 18.9
60 15 19.3 60 26.5 18.7
85 25.5 19,25 85 24.5 18.5
110 27 19.15 110 28 18.3
135 24.5 19.1 135 23.5 18.3
160 22.5 19.0 160 22.5 18.25
185 21 18.9 185 20 18.15
210 22 18.7 210 20 18.05
235 22.5 18.55 235 21 17.95
260 20 18.3 260 20 17.8
285 21 18.1 285 20 17.8
310 22 18.0 310 21 17.8
335 22 17.85 335 21 17.65
360 22.5 17.6 360 22 17.55
385 23.5 17.3 385 22.5 17.5
410 24.5 17.15 410 24.5 17.1
440 29 16.95 440 29 17.0
465 19 16.9 465 18 16.95
485 3.5 16.95 485 3.5 17.0
490 0 - 490 0 -
A, = 31,100 £t? A, = 30,600 f£t?
t ’ t ’
T = 18.3 °C T = 17.9 °C
m m
— [} —_ [¢]
TPR = 16.1 °C TPR = 16.2 °C
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BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -
1 Mile Below DR
(River Mile: 376.3)
Date: 11-8-64 Date: 11-8-64
Time: 1140 Time: 1150
River Flow Rate: 40,000 cfs River Flow Rate: 40,000 cfs
Distance C Distance C
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 3.5 - 5 5 - 15.4 6
30 13 - 5 30 27 15.1 6
55 18 15.6 5 55 22 15.1 6
80 22.5 15.55 5 80 18 15.1 6
105 22.5 15.3 5 105 19 15.3 6
130 21 15.2 5 130 20 15.2 6
155 19 15.2 5 155 24.5 15.1 6
180 18 15.2 5 180 22.5 15.1 6
205 18 15.3 5 205 23.5 15.05 6
230 18 15.3 5 230 24,5 15.0 6
255 17 15.3 5 255 24.5 15.0 6
280 18 15.35 5 280 24.5 15.0 6
305 18 15.35 5 305 24.5 15.0 6
330 19 15.3 5 330 24.5 15.25 6
355 19 15.3 5 355 20 15.25 6
380 19 15.3 5 380 21 15.0 6
405 20 15.2 5 405 21 15.0 6
430 21 15.2 5 430 22.5 14.95 6
455 23.5 15.25 5 455 24.5 14.9 6
480 17 15.25 4 480 - - 6
500 6.5 15.0 0 500 4.5 - 6
505 0 - 0 505 - -
A, = 27,300 £t A, = 30,400 £t
Tm = 15.3 °C T 15.05 °C
TPR = 12,0 °C TPR = 12.0 °C
Ty = 45 °C (est.)
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BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -
1 Mile Below DR
(River Mile: 376.3)

Date: 11-28-64 Date: 2-28-65
Time: 1120 Time: 1005
River Flow Rate: 41,000 cfs River Flow Rate: 100,000 cfs
Distance KW Distance
from Plant Depth, Temp, Effluent from Plant Depth, Temp,
Shore, yd ft °C Units Shore, yd ft °C
5 3.5 12,2 25 5 4.5 5.0
30 10.5 - 25 30 7.5 5.65
55 14 12.4 25 55 14 5.6
80 22 12.4 25 80 23.5 5.55
105 22 12.45 25 105 26.5 5.55
130 21 12.5 25 130 25.5 5.5
155 19 12.6 25 155 23.5 5.45
180 18 12.65 25 180 21 5.25
205 19 12.5 24 205 22 5.15
230 19 12.4 24 230 22 5.15
255 18 12.3 23 255 22.5 5.15
280 20 12.2 23 280 20 5.15
305 20 12.15 23 305 21 5.05
330 21 11.85 22 330 22 4,95
355 22 11.7 22 355 22 4,85
380 22.5 11.6 22 380 22 4,85
405 22.5 11.5 22 405 22.5 4,85
430 23.5 11.45 22 430 25.5 4.8
450 24.5 11.2 22 465 29 4.75
475 20 11.3 22 490 19 4.7
495 3.5 11.2 22 510 4.5 4,6
500 0 - - 515 -
A, = 28,100 ft’ A, = 31,800 ft’
Tm = 12.05 °C Tm = 5.1 °C
TPR = 9.4 °C TPR = 3,2 °C
Ty = 25 °C (est.) Ty = 50 °C
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BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -

1l Mile Below DR

(River Mile: 376.3)
Date: 2-28-65 Date: 3-6-65
Time: 1040 Time: 0920
River Flow Rate: 100,000 cfs River Flow Rate: 85,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
5 4.5 5.4 5 3.5 5.8
35 14 5.4 20 7.5 5.8
60 18 5.4 45 14 5.9
85 25.5 5.35 70 22 5.85
110 26.5 5.35 95 24.5 5.7
135 25.5 5.3 120 27 5.6
160 23.5 - 145 23.5 5.55
185 20 - 170 22 5.55
210 23.5 5.1 195 21 5.5
235 22.5 5.1 220 22 5.5
260 21 5.0 245 21 5.5
285 22 4.95 270 21 5.45
310 24.5 - 295 20 5.4
335 27 4.8 320 21 5.35
360 25.5 - 345 22 5.25
385 23.5 4.7 370 - 5.2
410 24.5 4,55 395 22.5 5.15
435 25.5 4.4 420 22.5 5.1
470 29 4.25 445 23.5 -
495 24.5 4.25 480 25.5 -
515 4.5 4.2 505 16 -
520 0 - 525 4.5 -
530 0 . -
_ 2 _ 2
At = 34,400 ft At = 25,800 ft
—_ (o] — o
Tm = 4,95 °C Tm = 5.5 °C (est.)
_ (o] — o
TPR = 3.2 °C TPR = 3.6 °C
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TABLE D.II-15,

BNWL-1345

(contd) River Temperature Traverses -

Distance
from Plant

Shore, yd

5
10
35
60
85

110
135
160
185
210
235
260
285
310
335
360
385
410
440
465
485
490

1l Mile Below DR
(River Mile:

Date: 4-11-65

Time: 1040
River Flow

Depth,
ft

3.5
12
29
23.5
22.5
24.5
20
17
16
16
17
15
17
17
18
20
23.5
20

3.5

0

- 3 = >
I

Rate:

27,100

8.15 °C
= 6.0 °C

35 °C

D.IT.61

376.3)

55,000 cfs

Temp,

1 NI~ ~1~1~J1~J00 00 00 00 0000 0000 0O 0000 OO 00 OO

ft

C

.55

.45
.45
.45
.5
.5
.45
.35
.3
.25
.25
.25
.15
.1
.9
.75
.6
.6
.7
.65
L4

2

D
Effluent
Units

17
17
17
17
17
19
22
23
24
23
20
20
19
17
16
13

9

9
12
11

5



BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -
1 Mile Below DR
(River Mile: 376.3)
Date: 2-13-66 Date: 2-13-66
Time: 0915 Time: 1140
River Flow Rate: 42,000 cfs River Flow Rate: 48,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
15 2 7.05 5 2 7.3
25 16 7.05 15 21 7.25
50 35.5 7.05 40 31 7.2
75 33.5 7.05 65 34 7.2
100 34.5 7.1 90 29 7.2
125 21 7.15 115 20 7.15
150 18 7.15 140 17 6.95
175 16 7.1 165 16 6.9
200 15 7.05 190 14.5 6.9
225 15 6.85 215 13 6.9
250 - 6.85 240 14 6.95
275 - 6.8 265 15 6.95
300 15 6.75 290 15 6.4
325 16 6.7 315 15 6.7
350 17 6.6 340 15 6.55
375 18 6.3 365 17 6.3
400 19 6.0 390 17 6.0
425 19 5.7 415 19 5.7
455 21 - 445 24 5.65
480 23 5.6 470 21 5.55
500 3 6.1 490 3 5.55
505 0 - 495 0 -
_ 2 _ 2
At = 28,600 ft At = 27,400 ft
T =6.7 °C T =6.7 °C
m m
Tpgp = 4-0 °C Tpp = 4.4 °C
TN = 53 °C
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BNWL-1345

TABLE D.II-15. (contd) River Temperature Traverses -
1l Mile Below DR
(River Mile: 376.3)
Date: 2-20-66 Date: 2-20-66
Time: 0950 Time: 1000
River Flow Rate: 38,000 cfs River Flow Rate: 38,000 cfs
Distance N Distance N
from Plant Depth, Temp, Effluent from Plant Depth, Temp, Effluent
Shore, yd ft °C Units Shore, yd ft °C Units
5 3 7.45 25 5 3 7.55 28
15 13 7.4 25 15 16 7.6 28
65 29 7.55 27 65 29 7.65 28
115 19 7.7 29 115 23 7.6 30
165 15 7.55 27 165 16 7.55 28
215 16 7.55 26 215 15 7.65 30
265 15 7.55 28 265 16 7.55 29
315 17 7.45 26 315 16 7.45 29
365 16 7.15 24 365 18 6.85 26
415 18 6.95 17 415 18 6.4 17
445 22 6.3 14 445 16 6.0 13
470 18 6.15 12 470 5.9 12
490 3 6.0 12 490 6.0 12
495 0 - - 495 - -
- 2 _ 2
A, = 25,500 ft A, = 25,600 ft
T = 7.3 °C T =7.3 °C
m m
TPR = 4.6 °C
TN = 53 °C
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TABLE D.II-15. {(contd). River Temperature Traverses -
1 Mile Below DR
(River Mile: 376.3)

Date: 3-17-66 Date: 3-17-66
Time: 1105 Time: 1120
River Flow Rate: 70,000 cfs River Flow Rate: 70,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
10 2 9.0 10 2 9.0
35 26 8.85 35 15 9.05
85 28 8.7 85 25 8.9
135 24 8.35 135 24 8.8
185 19 7.8 185 17 8.9
235 18 7.75 235 18 8.45
285 18 7.9 285 18 7.85
335 20 8.05 335 19 6.95
385 21 6.85 385 21 6.4
435 22 6.4 435 24 6.55
465 26 5.75 465 26 6.55
490 12 5.65 490 15 6.4
510 3 5.65 510 3 5.65
515 0 - 515 0 -
- 2 _ 2
At = 30,900 ft At = 29,200 ft
T = 7.7 °C T =7.8 °C
m m
—_ o —_ o
TPR = 4.3 °C TPR = 4.3 °C
TN = 55 °C
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TABLE D.II-15. (contd) River Temperature Traverses -
1 Mile Below DR
. (River Mile: 376.3)
Date: 3-17-66 Date: 3-31-66
Time: 1235 Time: 1445
River Flow Rate: 73,000 cfs River Flow Rate: 90,000 cfs
Distance Distance
from Plant Depth, Temp, from Plant Depth, Temp,
Shore, yd ft °C Shore, yd ft °C
5 2 8.95 5 2 8.7
35 21 8.85 10 8.8
- 85 27 8.65 35 8.9
135 25 8.35 60 8.1
185 20 8.15 85 8.2
235 19 7.5 110 8.4
N 285 18 7.35 135 No 8.3
335 20 7.15 160 valid 8.3
385 21 6.95 185 data 8.2
435 22 6.3 210 8.0
. 465 25 5.9 235 7.9
490 13 5.65 260 8.1
510 3 5.6 285 7.9
515 0 - 310 8.4
. 360 8.1
410 7.1
445 6.5
470 6.5
490 3 6.5
495 0 -
At = 31,500 ft2 At = Unknown
— [e] — [o]
T, = 7.6 °C Tm = 7.9 °C (est.)
—_ (=} -— o
TPR = 4.3 °C TPR = 5.7 °C
TN = 54 °C
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TABLE D.II-15. (contd) River Temperature Traverses -
1 Mile Below DR
(River Mile: 376.3)

Date: 4-3-66
Time: 1430
River Flow Rate: 39,000 cfs

Distance KE
from Plant Depth, Temp, Effluent
Shore, yd ft °C Units

10 11.5 26
35 11.5 26
60 11.5 26
85 11.6 27
110 11.5 27
135 11.5 27
160 11.55 26
185 No 11.5 26
210 valid 11.35 26
235 data 11.25 26
260 11.25 26
285 11.2 26
310 11.3 25
335 11.45 26
360 10.95 26
385 10.65 24
410 10.25 23
420 10.1 21
445 9.8 20
465 9.8 20
470 0 - -
At = Unknown
Tm = 11.1 °C (est.)
- (o]
TPR = 6.6 °C
— o
TN = 54 °C

D.II.66
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APPENDIX E

ENVIRONMENTAL EFFECTS
OF AN EXTENDED HANFORD PLANT SHUTDOWN

Abstracted from unpublished notes by R. B. Hall,
J. P. Corley, J. K. Soldat and R. T. Jaske
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APPENDIX E

ENVIRONMENTAL EFFECTS
OF AN EXTENDED HANFORD PLANT SHUTDOWN

INTRODUCTION

The work stoppage and consequent shutdown of the plutonium
production facilities in the summer of 1966 resulted in a
marked reduction in the discharge of radionuclides and heat to
the Columbia River and, to a lesser extent, to the discharge of
effluents from the Chemical Separations Plants to the atmosphere
and to the ground. The extent to which this curtailment of
effluent discharge resulted in reductions in the levels of
radiocactive materials in the environment and in the thermal
and chemical impacts on the Columbia River is of substantial
interest to the Division of Production and Operational Safety
and to the Research Divisions sponsoring studies on the river.
Because of this broad interest, the Pacific Northwest Laboratory
was asked(El) to prepare a comprehensive report assessing the
impact of the shutdown. This report is in response to that
request.

On July 8, 1966, one reactor (KE) was already down.
N Reactor was also shut down on July 8. The other reactors
(B,C,D and KW) were shut down by early morning of July 9,
because of the work stoppage. All reactors remained down
until one reactor (D) resumed operation on August 23, one (KW)
on August 24, and three (B,C, and KE) on August 25. Cooling
water flow in the five production reactors was reduced to a

fraction of normal during the outage.

The river flow rate, illustrated in Figure E-1, dropped
from levels near the maximum for the year to levels near nor-

mal for the fall and winter months during the outage period.
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Under ordinary conditions, the concentration of reactor efflu-
ent in the Columbia River increases markedly during this time

because of the reduced flow available for dilution.

A shortage of personnel also forced curtailment of chemi-
cal separations processing from July 8 to August 22. No fuel
processing was done at the Purex Plant in 200 East Area, but
the Redox Plant continued to process material already present
in the system. The total radioiodine release did not reach a
minimum until September. Water flow was maintained to open
pond areas to prevent spread of contamination by the wind.
Liquid discharges to the several waste cribs also continued,
though of less than normal volume.

The environmental parameters and the operating history
during the strike period were such that significant changes
were expected only in those environmental measurements directly
related to reactor effluents, i.e., river temperature, radio-

activity, and chemical content:

The Pacific Northwest Laboratory has, for several years,
carried on programs for the AEC that involve the presence and
movement of radionuclides through various physical, chemical,
and biological systems of the Columbia River and the impact of
reactor heat. The simultaneous shutdown of all of the production
reactors for an extended period of time caused a'unique pertur-
bation that afforded an opportunity to develop additional
information on the dynamics of the flux of radionuclides through
these systems and on natural heating of the river. Insofar as
possible, both regular and special sampling and analysis were
undertaken during the period of the shutdown to capitalize on

this unusual opportunity.

A full treatment of this is carried in declassified
report BNWL-CC-1056.
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SUMMARY AND CONCLUSIONS

With the shutdown of the reactors during the work stoppage,
formation of radionuclides in the coolant system ceased. Small
46 Shyp . 65

b

releases of longer-1lived nuclides such as Sc, Zn, and
Co continued however, owlng to erosion and desorption from

60
films on reactor fuels and piping.

Within a few days after the shutdown, the concentrations
of reactor-produced radionuclides in the Columbia River dropped
to very low levels (in most cases, below the detection levels
of analytical procedures used routinely for surveillance pur-
54Mn, 46Sc, and 60Co

in river water did not drop as much as would be expected from

poses). However, the quantities of 65Zn,

the reactor effluent data. It was evident that significant
amounts of these nuclides, retained in the bed of the river,
were recycled to the water through continued scouring and
leaching of the sediments. Samples of sediments from behind
NcNary Dam indicated that small amounts of radionuclides were
leached from the top layers during the shutdown period. During
the shutdown, more of the radioactive material transported by
the river water was assoclated with particulates than was

present in solution.

In the absence of '"fresh'" radioactive materials from the
reactors, the dose rate from the shoreline within the reserva-
tion remained low (ordinarily 1t increases as river flow

diminishes during the summer).

Concentrations of radionuclides in invertebrate organisms
of the river decreased by one or two orders of magnitude during
32p and

Cr. The levels of 65Zn decreased less than those of other

the shutdown. The change was greatest in the case of
51

nuclides, suggesting recycling of zinc within the river

ecosystem.
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Because of the reactor shutdown, the concentration of
32p in juvenile fish decreased by as much as two orders of
magnitude. For the flesh of adult fish, the change was about
one order of magnitude. The loss was greatest among herbivor-

ous species. In the case of whitefish, the decrease amounted

to about 75 percent. The levels of 05

52p .

Zn in the fish changed
much less than those of

Ordinarily, the concentration of 65Zn in Willapa Bay

oysters and in milk from local farms irrigated with Columbia
River water increases slightly during the summer. In 1966,

the concentration diminished slightly in both of these products.

The radiation dose to Tri-City residents from drinking
water was nil during the shutdown period. In effect, this
reduced the annual dose to the GI tract for 1966 by about
10 percent for both Richland and Pasco.

Following startup of the reactors late in August, the
concentrations of most radionuclides in the effluent, the local
river water, and the invertebrate organisms returned to ''nor-
mal'" within a few days time. However, recharging of the

6SZn and

storage capacity of the river bed was indicated for
some other nuclides by a greater-than-normal time of recovery
to preflood concentrations in river water. In the case of
adult fish, nearly a month was required before the usual
seasonal trends in the concentrations of radionuclides were
re-established. The maximum levels obtained during the fall'
were undoubtedly lower than would have been reached in the

absence of the shutdown.

To the casual observer, the effect of the shutdown on
Columbia River temperatures was obscured by natural fluctua-
tions of greater magnitude during this period. The real
effects are about as predicted, however. Because of the rela-
tively high velocity and turbulence of the river within the

reservation, the natural temperature rise (without reactor
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heat) between Priest Rapids and Richland is substantially higher
than in impounded portions of the river during the summer
months. This could easily lead the uninformed observer to an
overestimation of the effects of the Hanford reactors.

The chemical separations plants do not ordinarily release

enough 131

I or other nuclides to the environment to be quanti-
tatively measurable with routine procedures in air, milk, and
other samples taken offsite. For this reason, any effect of

the shutdown on the levels of airborne contaminants beyond the

project boundaries was not evident.

The relatively small and brief decrease in the discharge
of liquid waste to ground at the 200 Areas had essentially no

effect on the level of contamination in the ground water.

EFFECTS OF A COMPLETE REACTOR SHUTDOWN ON COLUMBIA
RIVER TEMPERATURES

During the reactor shutdown, normal temperature monitoring
activities were carried out to provide a comparative basis for
reference purposes. In addition, several spot surveys were
taken at established river mile locations to double check the
routine records and examine the transverse temperature distri-

bution of the river under natural conditions.

Several conclusions were developed as a result of these
measurements. They are as follows:

1. The normal temperature rise (without reactor heat) between
Priest Rapids and Richland is a good deal higher than
would be expected from temperature prediction for impounded
portions of the river. It 1is apparent that the increased
velocity of the river in this reach increases the heat

conduction to a point where the overall exchange coeffi-

cient reaches values on the order of 200 to 300 Btu/(day) (°F).

Figure E-2 is illustrative of typical values for a lake.
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2. Studies of traverse measurements indicate a very low tem-
perature differential across the river. Elevated tempera-
tures were noted on both river banks. Other than bank
heating effects, no individual run exceeded a temperature
differential of 0.5 °C.

3. Inasmuch as the run of the river portions on the Columbia
system frequently show temperature differentials higher
than impounded reaches, it would easily be possible for
the uninformed observer to over estimate the effects of
the Hanford Plant.

Routine data taken during the shutdown period are
illustrated in Figure E-3. Superimposed on the routine data
are computed values of river temperature derived by subtracting
known reactor input information from the measured values. Dur-
ing the high flow portion of the season, between June 1 and the
commencement of the shutdown, reactor temperature inputs did
not exceed 0.43 °C on any one day and averaged about 0.35 °C for
the period. The measured rise in the plant reach, taking into .
account the travel time, averaged approximately 0.65 °C in June,
0.75 °C in July, and 0.85 °C through the 25th of August. As
the reactors came back on stream the river flows had decreased
substantially and temperature increases from plant contribution '
are noted in the figure. By comparison, essentially little
temperature differential of any consequence was noted between
Richland and Pasco, a distance of some nine miles, having a
total river surface area approximately equal to that between
100 B Area and the city of Richland. It is apparent that the
exchange coefficients for the different portions of the river
are affected by the current velocity as would be expected by
film coefficient correlations. Wind direction undoubtedly

plays an important part in absolute computations of surface
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coefficients since vector addition of air velocity would be
required to compare rapidly moving stream coefficients with
those measured on stagnant lakes. As indicated above, coeffi-
cients of 200 to 300 were routinely observed in the plant
reaches of the Columbia as compared with the values of 150 for

impounded reaches.

As an added item of interest, temperatures measured at
Grand Coulee (discharge) and Rocky Reach are also illustrated
in Figure E-3. During July when the average travel time from
Grand Coulee to Richland was about 5 1/3 days, the temperature
differential between these points never exceeded 2.6 °C, of
which approximately 0.75 °C represents the plant reach incre-
ment. Subtraction leaves 1.85 °C as the rise between Grand
Coulee and Priest Rapids during the example period illustrated
(A on Figure E-3). Since the surface area of the impounded
river between Grand Coulee and Priest Rapids exceeds the
surface area of the local reach by a factor of 4, it is safe to
conclude that exchange coefficients for the impounded river will
probably be 50 to 60% of the values for the run-of-the-river
reaches. Application of these values to the Richland-to-Pasco
reach ylelds a small, appropriate temperature rise. Examples B
and C on Figure E-3 provide a further justification for the
conclusions drawn from the data. Most of the input information
pertinent to the analysis 1s available in theoretical form;
however, it is rare that an opportunity is given to evaluate
theoretical computations with excellent instrumentation on a

local basis.

Figure E-4 shows the plotted values for the individual
traverse measurements. Thus unusual bank heating noticed in the
Hanford-Ringold reach is evident in the data plots. It has
been speculated that warm ground water may account for some of
this temperature differential. 1If this were the case, it would

be expected that the majority of the temperature rise in the

E.10
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plant reach would occur in this area. The evidence does not
strongly support this condition. Ground water inputs can not

be ruled out on the basis of present data, however.

EFFECTS OF AN EXTENDED REACTOR OUTAGE ON CHEMICAL
CONCENTRATIONS IN THE COLUMBIA RIVER

The only chemicals used routinely by the Hanford plants
in sufficient amounts to cause a measurable change in the
chemical characteristics of the river are hexavalent chromium
and nitrate ion. These chemical species are monitored -
routinely in the river water below the reactors at Richland.
Several other normal chemical characteristics, such as pH,
dissolved oxygen, sulfate ion, phosphate, etc., are also
measured routinely in the vicinity of the reactors, but no
effects of the plant effluents on them have been observed.(EZ)

Sodium dichromate is used as a corrosion inhibitor in
the reactor cooling water. The resulting concentration in
the Columbia River is ordinarily in the range of 2 to 7 ppb,
depending on river flow. During the reactor shutdown, the
reduced coolant flow contributed much lower quantities to
the river and estimates place the concentration of hexavalent
chromium at Richland in the range of 0.2 and 0.7 ppb on the
basis of effluent and river flows. Inasmuch as the analytical
me thod used by the laboratory is not sensitive to concentra-
tions below about 1 ppb, positive values were not expected
during the shutdown period. Figure E-5 shows the results of
the hexavalent chromium measurements for 1966. The result
of 4 ppb obtained from a water sample collected during the
first week of August was confirmed by laboratory recheck,

but remains an unexplained anomaly.
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The largest potential source of nitrate ion to the
Columbia River from Hanford is the chemical separations plants.
However, the nitrate must travel with the ground water for many
years before reaching the river and even under low river flow
conditions, the increment is not obvious. Because of the rela-
tively large amount of natural nitrate ion in the river, the
large reservoir of nitrate ion in the ground water beneath the
reservation, and the very long travel time between the separa-
tions plants and the river, no detectable effect of the work

stoppage on the nitrate ion in the Columbia can be expected.
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