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WATER RESOURCES PLANNING STUDY
OKLAHOMA AND ARKANSAS, PHASE II (QUALITY)

Don F. Kincannon, Wen-hsiung Kao, and Enos L. Stover

i. Introduction

This is the final report for the Research Project Water Resources
Planning Studies, Oklahoma and Arkansas, Phase II (Quality). The primary
cbjective of the study was to develop a model that could be used for
decision making in water quality management of the Arkansas River. The
mode] developed centers around a zoned-optimization model which requires
a uniform treatment level for groups of waste waters only within grouped
zones and which minimizes the overall treatment.

This research project not only provided the opportunity to conduct
this research but also it provided an opportunity for the training of two
students. Mr., Kao is working toward the PhD degree and his thesis wil!l
be directed toward the work conducted under this research project. His
* thesis has not been completed ét this time and he will continue in the
present 1ine of research. Mr. Stover has had the opportunity to work as
an undergraduate research assistant which has provided some professiona]
training during his undergraduate course work. He will be a graduate
student in the Bioenvironmental Engineering program this coming school

year,



IT. Summary and Conclusions

A. Low Flow Studies

The distributions of low flows at Stations 7-1775, 7-1645, and 7-1945
in the Arkansas River Basin were investigated for the purpose of making
design flow selections and for evaluating the goodness-of-fit of the
distribution function applied. Two distribution functions were investi-
gated. These being Johnson SB distribution and Gumbel's limited distribu-
tion of the smallest value. The low flows used in the distribution studies
were the annual minimum flows for various numbers of consecutive days.
They were generated from computer analysis of daily streamflow records.
Number of consecutive days taken were 1, 3, 7, 14, 30, 60, and 90 days.

Maximum deviation and sum-of-squares were the two criteria used for
judging the distribution forms studied. It was found at Stations 1645
and 1945 (two stations without zero daily flow) Johnson Sg distribution
had better goodness-of-fit than Gumbel's distribution did. It was also
found that for stations having several zero flow days, such as Station
1775, only the minimum flows with significantly large number{s) of con-
secutive days, e.g., 14 days or more, could be fitted by either theoretical
distribution function. This is a significant finding when one considers
that the 7-day flow with one-tenth occurrence probability is the most
widely used criterion for selection of design low flows.

Under a specified probability of occurrence the design flow deter-
mined from the distribution of minimum flow with small number of con-
.secutive days, was found to be less than that determined from the
distribution of minimum flows with large number of consecutive days.

Therefore, when the minimum flow with large number of consecutive days



is used, a small probability of occurrence, e.g., 0.05, should be selected

in order to keep the design flow a moderate value.

B. Water Quality Management With the Application of Zone-Treatment

Principle

In extending the application of the zone-treatment principle for
regional water quality management, the feasibility of three zoning criteria
were investigated. These three criteria are sub-basin, weight of influent
BOD, and BOD-flow ratio. With the first criterion, a river basin is
divided into sub-basins according to the distribution of its stream
system. Treatment plants which discharge their wastes into the receiving
waters in the same sub-basin are considered belonging to the same treat-
ment zone, With the second criterion, treatment plants are grouped into
treatment zones basing on their daily pounds of influent BOD. Within
treatment zones, the greater the pounds of influent BOD, the higher the
required percent BOD removal. Finally, with the third criterion, treat-
ment plants are zoned according to their ratios of influent BOD and flow.
The flow in this case is the summation of influent wastewater and design
streamfiow at the location of waste discharged. Similarly, between each
zone, the larger the ratio, the higher the required percent BOD removal.
For all three classifications, the percent BOD removal required should
be uniform for all plants within each treatment zone; however, they can
be different between zones.

In order to make a more complete comparison, two other methods of
quality management were also considered. The first allows different
percents BOD removal among treatment plants within a basin. The second

requires a uniform percent BOD removal throughout the whole river basin.



A regional water quality management model involving the interrelation-
ship of organic waste discharged, the stream assimilative capacity and
the dissolved oxygen in the stream was formulated into a linear structure
with an application of the Streeter-Phelps equation. The technique of
linear programming was used to obtain a solution of the problem., In the
selection of an objective function for optimizing the water quality sys-
tem, a cost function of the activated sludge treatment piant was investi-
gated. It was found that the relationship between treatment cost and
treatment degree could be expressed by an exponential function. The
expression is Y = A + B-Rx, where Y is the cost in dollars, X is the
percent BOD removal, and A, B, and R are coefficients. Because of much
uncertainty and complexity involved in minimizing the summation of non-
linear cost functions from all treatment plants in the basin, the cost
function was not taken as the objective function. Instead, the total
BOD removal within the basin in pounds per day, was selected as the
optimization objective.

This study has shown that the "sub-basin" and "BOD-flow ratio" are
two good zoning criteria. Both of them would be convenient to implement
administratively, because they have shown the virtues of economy and

equity in allocating the stream assimilative capacity.

III. Low Flow Studies

A. General

In the evaluation of the assimilative capacity of a stream, the
characteristics of its low flow is one of the major considerations.
Therefore, distributions of annual minimum flows with various numbers of

consecutive days were investigated. Johnson SB distribution and Gumbel's



Vimited distribution of the smallest value were applied in this study for
fitting the low flow data. Comparison of the goodness-of-fit among these
two functions was made. The selection of a design low flow based upon

distribution of minimum flow has also been developed.

B. Generation of Low Flow Data

In this study the minimum discharges, rather than the average mini-
mum discharges, for various numbers of consecutive days within a year
were used as low flow data. In order to cover the driest period as a
whole, a year was defined as beginning on April 1 and ending on March 31.
The average minimum flow is equal to the minimum flow divided by its
corresponding number of consecutive days, e.g., average minimum 7-day
flow = minimum 7-day flow divided by 7.

The determination of a design fiow by using either the distribution
of minimum flows or by using average minimum flows is essentially the
same. However, for a small flow station, the use of minimum flows can
provide more accurate results.

Three stations in the Oklahoma part of the Arkansas River basin
were investigated. They are Stations 7-1775, 7-1645, and 7-1945. Station
1775, located at Bird Creek near Sperry, Oklahoma, has rather small flows.
There are a significant number of days with zero flow at this station.
Stations 1645 and 1945, located respectively on the Arkansas River near
Tulsa and Muskogee have moderate to large magnitudes of flow. Daily
fiows recorded at these two stations are all greater than zero.

Annual minimum flows for various numbers of consecutive days at
the three stations are shown in Appendix A. These flow data were generated

from a computer analysis of daily fiow records. Numbers of consecutive
\



days taken into consideration include 1, 3, 7, 14, 30, 60, and 90 days.
Flows in Appendix A are listed in a non-decreasing order of magnitude.
Each flow has an assigned cumulative probability. The cumulative prob-

mth

ability of the order of flow is given by M/(N+1), where N is the total

years of records,

C. Johnson Distribution

The Johnson Distribution is an empirical distribution based on the
transformation of a standard normal variate proposed by N. L. Johnson
in 1949, Although it has been known since then, no application of it has
been used in the field of water resources, Because of two considerations,
the feasibility of applying this distribution in low flow studies was
investigated. The first one that this distribution function has both
Tower and upper limits. Intuitively, the distribution of Tow flows should
have Timits at both ends. The second is that after transformation this
distribution is in a form of standard normal distribution,

The general form of Johnson distribution is
Z=Y+'ﬂT(X.E,7\),n>0,"°°<T<°°.7\>O,-°°<E<°°, M

where z is a standard normal variate, x is the observation value, vy, n
e, and A are parameters, and T is an arbitrary function. Three forms

of function T were proposed by Johnson as follow. .

R

T1 (X38451) 'ln(x‘; E), X2> € (2)

Tpbieal = tn[2ed ¢ cxce e 3)
Tz(x;e,;\) = sinh'1 (x_-)_:_e}’ - < X < _ (4)



The Johnson distribution with function 2 is known as Johnson S
distribution which in fact is a log-normal distribution. Function 3 is
Johnson Sg distribution. Function 4 is called Johnson SU distribution.

To determine which of these three Johnson families should be appiied
for a given set of data, the first procedure is to estimate the relative
measures of skewneés and kurtosis of the data distribution, VB, and 8,,
respectively. Then after entering these two estimated into a chart of
B1=B, relationship, an appropriate form of Johnson distribution could be
decided. Figure 1 gives the chart for determining an appropriate dis-
| tributioﬁ. This chart was plotted by the use of the following parametric

equations. They are

w-1)w+ 2)2, (5)

B1

and

W e 2w+ 3wl - 3. (6)

B2

The range of the curves in Figure 1 can be extended as desired by the use
of larger values of w.

The estimated of vB1, and g8, denoted as vb; and b, respectively,

are

by = —=7% (7)
ﬂ (m,)
and
b2 = _'_ni.z. (8)
(m,)
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Mk is the estimated k™ central moment of distribution. It is given by

n
- (*L ) i)k
é i
_ i=1
M, = !

n

(9)

~ where x is the data mear, and n is the sample size. In equation (7) and
(8), k equals 3/2 and 2, respectively.

Values of b1 and b2 of low flow data for various numbers of con-
secutive days were calculated. Results for the three stations investi-
gates are shown in Table 1. With no exception, these values indicate
that among the three families considered Johnson SB distribution is the
most appropriate one to express the distribution of Tow flows.

| From equations (1) and (3), the probability dens{ty functions of

Johnson SB distribution is given by

£ . _n A 1 1 X =€ 2’
x) /E(x-e)(x-x+e)exp{ ?E+nn(""‘+€]

ESXLeE+t A, N>0, =®<y <@ A>o0;, -®™<Eg<» (10)

With the application of this equation, it is obvious that the distribution
of the low flows is confined in a range between a lower limit, e, and an
upper limit ¢ + x. Because the magnitude of streamfiow can never be less
than zero, the range of variation for the Tower Timit, e, s specified

as

In order to yse-this distribution function to fit the flow data, the



TABLE I

~ APPROPRIATE JOHNSON DISTRIBUTIONS FOR MINIMUM FLOWS WITH VARIOUS NUMBERS OF CONSECUTIVE DAYS

Station 1775

1-day 3-day 7-day ' 14-day 30-day 60-day 90-day
b, 3.9628 3.7611 3.7347 4,5198 10.4529 4.6897 3.3262
by 6.6880 6.3422 6.1789 7.0526 13.0210 7.1918 6.3966
Distribution form Sg " " " " " "
Station 1645 | " ”
1-day 3-day 7-day 14-day 30-day 60-day 90-day
b] - 0.4663 0.7457 0.8154 0.7785 0.9324 1.2668 0.5415
_ by 2.8626 3.0624 3.1292 3.1976 3.4870 4,1825 2.8385
Distribution form Sp " . " " " "
Station 1945
1-day 3-day 7-day 14-day 30-day 60-day 90-day
b] 0.6703 0.8811 0.8498 1.6322 2.1417 ) 2;3525 0.8444
b2 3.2385 3.5142 3.2532 4,3787 5.0114 5.3478 2.9354
Distribution Sp " " " " " "

01
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magnitude of flow, x, was first transformed into a normal standard variate,
z, by the equation

2=y +nin X | ()

which is a summation form of equations (1) and (3). Then the cumulative
probability from ¢ to x, i.e., ZF(x)dx, was determined through the cal-
culation of cumulative probability of normal distribution from -- to z.

This procedure of calculations is equivalent to the following expression

z 2
froom ==[ e a, (12)
e /Z7

m
-0

where the right side is the cumulative probability function of the stan-
dard normal distribution.

An approximation method of detehnining cumulative probability for
a known normal standard variate, z, was used in this study. This method
was listed in IBM System/360 Scientific Subroutine Package, which is par-
ticularly convenient for the use of electronic computer. The procedures

of this method are expressed in the following equations

(a) T =1.0/(1.0 + 0.2316419 x |z|)
(b) D = 0.3989423 exp - %,2
(¢} A = DT((((1.330274T - 1.821256)T + 1.78147§T - 0.3565638)T

+ 0.3193815)

(d) 1if z is zero or positive,

P=1.0-A



12

if z is negative,
P=A

where P is the cumulative probability.

A computer program, basically written at Chevron Research Corporation,
was used for the equation fitting. The listing of the program is given
in Appendix B. This program accepts as input the data to be fitted and
the initial estimates of the parameters in the equation used. From the
use of the subroutines in the program, the parameter estimates are improved
until the changes in all parameter values given by successive estimates
are not greater than a percentage specified. The set giving the least
sum-of-squares fit is then taken as a convergence. Printout includes
original and calculated values of dependent variable, the percent devia-
tion for each datum point, as well as the parameter values. Average and
maximum deviations are also printed out.

Results from the application of the Johnson SB distribution function
in fitting Tow flow data are shown numerically in Appendix C. Also shown
are the sum-of-squares, maximum deviations of cumulative probability,
and estimates of parameters. The results are also expressed graphically
in Figures 2 through 22. These figures also show the results from the
application of Gumbel's limited distribution, a distribution function which

will be discussed in the next section.

D. Gumbel's Limited Distribution of the Smallest Value

This is a probability distribution widely used in low flow studies.
It was first proposed by E. J. Gumbel in 1954, It is essentially a
modification of the Weibull distribution which is also called Type III

asymptotic distribution for minimum values.
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The probability density function of this distribution is

' - i X = € o = X - E ul
f(x)-{3 _E(G . E)LWexP[-(ﬁ'ﬂ)}x_{e,

a;—_o,o>:,n>o,oe]sewhere (]3)

where o is the scale parameter, n is the shape parameter, and : denotes
the lower 1imit. When ¢ 1is equal to zero, equation (13) then becomes

the probability density function of Weibull distribution,
The cumulative probability function of Gumbel's limited distribu-

F(x) =1 - exp[-(; - g)q],x >k (14)

which defines the cumulative probability of x, a variable, obtained by

tion is

integrating equation 13 from ¢ to an arbitrary value of x.

Low flow data and their corresponding observed cumulative probahil-
1ties used previously for Johnson SB distribution were also used for
this distribution function. Equation (14) was applied to fit the
distribution of low flows. Numerical results which include the magni-
tudes of flows and their corresponding cumulative probabilities, both
calculated and observed, are given in Appendix D. Also shown are the
values of sum-of-square, the maximum deviations of cumulative probabili-
ty, and the estimates of parameters. These results are also shown in

Figures 2 through 22.

E. Comparison of Goodness-of-Fit

Maximum deviation and sum-of-squares were the criteria used in

this investigation to compare the goodness-of-fits of the two types of
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distribution functions applied. Average deviation and average absolute
deviation were also calculated to serve the reference purpose. These
values are shown in Appendixes C and D along with observed and calculated
probabilities for various numbers of consecutive days at each station.
Maximum deviation is defined as the largest absolute deviation
between the calculated cumulative probability and the observed probabil-

ity. In the mathematical expression, it is given by
D = Max. [Fy(X) = Sy(X}], (15)

where FO(X) is the theoretical cumulative distribution function, and
SN(X) 1s the observed cumulative propability distribution of a sample
with N observations. In this low flow stldy, SN(X) = M/N+1), where X
is any flow, M denotes number of flows equal to or less than X. The
maximum deviation is used in Kolmogorov-Smirnov one-sample test, non-
parametric statistical test of goodness-of-fit. It is a measure of the
degree of agreement between the distri btion of observations and the
theoretical distribution assumed. Therefore, it was adopted in this
investigation to compare the goodness-of-fits between Gumbel's Timited
distribution and Johnson SB distribution.

Sum-of-squares is the summation of squares of the differences be-
tween observed values and their corresponding calculated values from the
fitted distribution. Although it is not highly sensitive, it is stili
a good indicator in comparing goodness-of-fits of different distribution
functions appiied.

Values of maximum deviation and sum-of-squares for the two dis-

tribution functions are lTisted in Table II,.



TABLE II

VALUES OF MAXIMUM DEVIATION AND SUM-OF-SQUARES FROM THE.USES OF
GUMBEL'S LIMITED DISTRIBUTION AND JOHNSON 5g DISTRIBUTION

Min.60-Day Flow

Min.90-Day Flow

Station Distribution Min.1-Day Flow Min.3-Day Flow Min.7-Day Flow Min.14-Day Flow _ Min.30-Day Flow
Max. D| S.S. Max. D| 5.S. Max. D| S.5. Max. D S.S. Max. D .S, Max. Dj S.S. Max. D| S.S.

Gumbel 0.1251§0.09709 0.1612}0.11676 0.1553}0.10343 0.1172] 0.05381 0.1026 | 0.08654 0.0640} 0.03570 0.0638 | 0,02910
1778 Johnson SB 0.1351]0. 10601 0.1690}0.14022 0.173010.1278) 0.1457 | 0.07581 0.1262} 0,06257 0.1001 0.-04712 0...065] 0.03245
Gumbe1 0.0763]0.04693 0.0717{0.03786 0.0721[0.02623 0.0790 | 0.04374 0.0726 | 0.04432 0.0894 | 0.05320 0.0581 | 0.01880
168 Jehnson SB .0.075710.04216 0.0695[0.03463 0.0699}0.02637 0.0774: 0.04038 0.0655; 0.04116 0.0865 | 0.04838 G..0632 0.01962
Gumbel 0.0651]0.02973 0.0668(0.02779 0.0558]0.01772 0. 079? 0.02777 0.0863 | 0.06064 0.0707 | 0.03498 0.0811 0.02_686
1948 Johnson Sp 0.0550{0,02692 | 0.0636|0.02551 0.0487|0.01616 | 0.0725 [ 0.03169 | 0.0857 | 0.06463 | 0.0661| 0.03808 | 0.0740 0.02462

gt
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Table II shows that for Stations 1645 and 1945 (stations with large
magnitude of low flows) Johnson SB distribution fives better goodness-
of-fit in the characterization of low flow distribution. However, for
Station 1775 (station with many zero flows), Gumbel's limited distribu-
tion provides better fitting. With few exceptions both the maximum
deviation and sum-of-squares show this. A1l maximum deviations for
Station 1945 and six of seven maximum deviations for Station 1645 have
smaller values associated with Johson SB distribution than those
associated with Gumbel's distribution. Also five of seven sum-of-
squares for Station 1945 and four of seven sum-of-squares for Station
1645 give the same indication in favor of Johnson SB distribution. On
the contrary, for Station 1775, all maximum deviations and six of seven
sum-of-squares show that the use of Gumbel's distribution is better.
Intuitively, to assume that the distribution of low flows are bounded
at both ends, rather than bounded only at one, is reasonable. The re-
sults of this investigation show that for most cases Johnson SB dis-
tribution fitted Tow flow data better than Gumbel's distribution did.

The relationship between each of the criteria, maximum deviation
and sum-af-squares, and the number of consecutive days is another area
of interest. Table II indicates that there was no such relationship at
Stations 1645 and 1945. However, it was found that at Station 1775,
both maximum deviation and sum-of-squares decrease significantly when
the number of consecutive days is 14 days or greater. The cause of
such phenomena can be fairly well pointed out, if not compietely, by
a review of the Tables in Appendix A. A1l flows for Stations 1645 and
1945 are significantly greater than zero. But for Station 1775, each

set of flow data has one or more of zero magnitude'of flow. It is
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unlikely that a theoretical distrjbution function could provide a good

fitting to a set of observations having too many zero flows. Obviously,
at the small f!bw station such as Station 1775, only the low flows with
significantly large number of consecutive days could possibly be fitted

well by a theoretical distribution function.

F. The Selection of a Design Flow

The selection of a des%gn flow is a critical aspect in the
management of water quality. The evaluation of stream assimilative
capacity depends heavily on the magnitude of the design flow used.

Whether there should be a single criterion or a flexible standard
to determine design flows of all streams in a basin will not be the
concern in this section. INstead, the selection of a design flow from
the distribution of low flows will be onsidered. Tables III and IV
show various design flows determined from the Johnson SB distribution
and from Gumbel's limited distribution respectively. Each value in
these tables was obtained through two steps. The first was to obtain
a flow associated with a specified probability from the minimum flow
distribution. Seven types of minimum flow were considered. They are
1-Day, 3-Day, 7-Day, 14-Day, 30-Day, 60-Day, and 90-Day. The probabii-
ity of occurrence included 0.01, 0.05, 0.1, 0.15, 0.2, and 0.25. The
second step was to average the selected flow by its corresponding number
of consecutive days.

Tables III and IV indicate that with a specified probability the
magnitude of design flow varies sighificantly with the change in the
number of consecutive days. The amount of increase is particularly

pronounced when the number of consecutive days are 30 or greater. When



STATION 1775

PROB.

0.01
0.05
0.10
0.15
0.20
0.25

1-DAY

0.00
0.00
0.01
0.03
0.05
0.09

STATION 1645

PROB.

0.01
0.05
0.10
0.15
0.20
0.25

1-DAY
31.02
79.76
130.76
181.69
234.35
290.85

STATION 1945

PROB.

0.01
0.05
0.10
0.15
0.20
0.25

1-DAY

93.91
233.62
374.90
512.20
650.83
796.21

3-DAY
0.00
0.00
0.01
0.02
0.05
0.09

3-DAY
37.66
91.57
146.13
199.78
254.83
313.71

3-DAY
97.76
247.01
400.28

-550.98

704.69
867.41

TABLE III

7-DAY
0.00
0.01
0.02
0.04
0.08
0.14

7-DAY

39.91
100.88
164.06
226.90
291.79
361.40

7-DAY

96.94
253.80
419.55
585.65
757.58
941.89

14-DAY
0.00
0.03
0.07
0.13
0.22
0.34

14-DAY
35.00
98. 31
168.69
241.42
318.35
402.23

14-DAY

111.563
287.09
471.08
655,02
845.47
1050.05

30-DAY
0.03
0.11
0.24
0.40
0.61
0.87

30-DAY

43.88
120.06
203.46
289.04
379.27
477.59

30-DAY
121.80
318.79
528.22
739.74
860.56
1199.57

DESIGN FLOWS, CFS, FROM JOHNSON SB DISTRIBUTION

60-DAY
0.05
0.21
0.46
0.79
1.21
1.74

60-DAY

72,25
173.50
283,32
395.49
513.48
641.87

60-DAY
158,80
409,18
672.98
938,35
1214.93
1514.,20

90-DAY
0.04
0.24
0.62
1.18
1.96
3.03

90-DAY

86.34
230.89
385.29
540.52
701.17
873.03

90-DAY
228.09
504.72
817.69
1145.91
1497.91
1887.11

6¢



STATION 1775

PROB.

0.01
0.05
0.10
0.15
0.20
0.25

1-DAY
0.00
0.00
0.01
0.03
0.06
0.12

STATION 1645

PROB.

0.01
0.05
0.10
0.15
0.20
0.25

1-DAY
31.83
73.85
126.01
179.55
235.21
293.56

STATION 1945

PROB.

0.01
0.05
0.10
0.15
0.20
0.25

1-DAY

56.02
205.52
364.89
515.54
663.83
812.91

3-DAY
0.00
0.00
0.01
0.03
0.07
0.13

3-DAY
39.16
80.49
133.96
190.06
249.28
312.08

3-DAY

52.67
207.49
380.15
547.36
714.62
884.87

7-DAY
0.00
0.00
0.02
0.04
0.08
0.17

7-DAY
16.82
75.07
145.35
216,36
289.43
365.43

7-DAY

50.01
210.80
397.92
583.34
771.69
965.64

TABLE 1V

14-DAY
0.00
0.0
0.04
0.10
0.19
0.32

14-DAY

17.75

81.87
160.82
241.49
325.12
412.60

14-DAY
52.20
227.23
435.07
643.29
856.33
1076.95

DESIGN FLOWS, CFS, FROM GUMBEL DISTRIBUTION

30-DAY
0.00
0.0
0.05
0.13
0.25
0.44

30-DAY

20.10

94.77
187.96
283.88
383.81
488.74

30-DAY
53.30
245,38
481.58
722.75
972.65
1233.96

60-DAY
¢.00
0.07
0.27
0.58
1.03
1.63

60-DAY

27.00
126.91
251.36
379.33
512.56
652.37

60-DAY
127.57
345.66
624.18
914.45
1219.40
1541.66

90-DAY
0.00
0.0%
0.40
0.96
1.8]
3.02

90-DAY

54.22
211.91
386.89
555.90
724.67
896.21

90-DAY
183.55
442.77
785,36
1149.15
1536. 14
1949.06

ot
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the probabiiity of occurrence is greater than or equal to 0.1, the
magnitude of design flow increases consistently as the number of consec-
utive days “ncreases. This shows that for a specified probability of
occurrence, the design fiow determined from the distribution of minimum
flow with 30 or more of consecutive days is noticeably greater than that
determined from the distribution of flow when the number of consecutive
‘days is less than 30.

The use of the minimum consecutive 7-day flow with 0.1 of occur-

rence probability as the design flow is the most widely used criterion
today. It was the criterion adopted in the water quality study for
Delaware River Basin. However, this investigation does not show any
advantage of this selection over others. From the review of Table II,
it seems that the use of minimum flow with a large number of consecutive
days, e.g., 30, 60, or 90 days, to determine the design flow is a better
alternative. Table II indicates that for a large flow station, the
assumed distribution function will fit either flows with large number
of consecutive days or flows with small number of consecutive days. It
also shows that for a small flow station, the distribution function
is acceptable only for flows wit; large number of consecutive days.
This phenomenon i$ probably because the larger number of consecutive
- days can remove the effect of fluctuation resulting from minor river
regulation. With the use of minimum flows with large number of con-
secutive days, the probability of occurrence specified should be less
than 0.1 if it is desired to keep the magnitude of design flow in a

reasonable size.
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IV. wWater Quality Management with the Application of Zone-Treatment

Principle
A. General

In the achievement of basinwide water quality objectives, economy
and equity of allocating the stream assihi]ative capacity are two major
concerns. The primary purpose of this study was to apply the principle
of zone-treatment in various ways to provide a management model. The
idea of zone-treatment was first used in the water quality study of the
Delaware River Basin. In that study the treatment zones were sections
of stream which were grouped according to their geographical locations.
The treatment levels required for various sources of wastes discharged
within each section were uniform. However, treatment levels could be
different for different sections of the river.

This study has expanded the appiication of the zone-treatment
principle. VYarious kinds of criteria were used to group the treatment
zones, This portion of the study will be continued in greater depth,

Bio-degradable organic matter was the type of waste considered in
this study. Therefore, the dissolved oxygen {D.0.) concentration was
‘adopted as the quality measured parameter and the percent BOD removal
- was considered as the degree of waste treatment.

In this study it was assumed that each or a number of waste sources
were collected and treated at treatment plants, either municipal treat-
ment plants or industrial treatment plants, before being discharged to

the receiving waters.
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B. Methods for Grouping of Treatment Zones

In the selection of methods for grouping the treatment zones in a
river basin, practicability and equity must be considered. Several
criteria for gouping of treatment zones have been considered in this

study. They are described as follow:
7. Classificat:ons ¢f sub-basins

Sub-basins were classitied in a river basin according to their
geographical locations. Each was then considered as a treatment zone.
The requivred percent BOD removal at each treatment plant that discharges
1ts wastes into the receiving waters of a sub-basin are uniform. The
percent BOD removal is allowed to be different for treatment plants which
discharge wastes into streams in different sub-basins. The grouping of
treatment plants depends on where their wastes are discharges, not on
where they are located. Water quality objectives in each sub-basin could

be either different or identical.
2. Pounds of influent BOD

Treatment plants in the basin are classified into groups according
to their pounds of influent BOD, e.g., pounds per day. Between groups
the larger the pounds of BOD, the higher the percent BOD removal is
required. When the number of treatment plants is small, e.g., ten or
less, each of the treatment plants can be considered as one group. The
pounds of influent BOD for each plant can be determined from the analysis

of the daily influent BOD records over a period of time.
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3. Ratio of influent BOD to flow

The flow in this classification is the sum of the waste flow and
the design stream flow at the point of discharge. As the design stream
flows are selected, the weight ratio at each treatment plant can be
determined from the analysis of influent BOD records. The number of
treatment zones from the application of this criterion depends upon the
number of treatment plants in the basin and the distribution of the
wetght rztios of treatment piants. Similarly, between groups the larger
the ratio is, the higher the required treatment efficiency.

For the purpose of comparison, two other cases were also investigated.
One was to ailow different degrees of BOD removal at each treatment plant.
The other was tc require & uniform degree of BOD removal! at all treat-

ment plants throughout the basin.

C. Cost Function of the Treatment Plant

The purpose of making a cost function study was to investigate the
relationship between the treatment cost and the percent BOD removal.
The activated sludge treatment was the only plant considered. The basic
information of cost estimation used was taken from "Cost of Wastewater
Processes," a report from.Robert A. Taft Water Research Center. Ffrom
the combined applications of available cost data and design criteria,
annual cost functions of treatment plants, both municipally and indus-
trially, were formulated. Furthermore, an asymptotic regression analysis
was made to relate the treatment level and annual treatment cost. This

relationship was express by an exponential function as follows:



45

Y =A+8R (16)
where

Y = treatment cost in dollars

X = percent of BOD removal

A = intercept

B-R = regression coefficients.

Detaiils in the formulation of the cost functions and the analysis of the
relationship between cost and degree of treatment are shown in Appendix
E.

Although the assumption of a linear relationship between treatment
cost and treatment level (up to 80%) has begn used for many years in a
number of water quality management studies, the results from this inves-
tigation has indicated a linear relationship between costs and treatment

level does not exist.

D. Formulation and Optimization of Reqional Water Quality System

The Streeter-Pheips equation was used to formulate the regional
water quality system. It expresses that the D.0. level in the stream
is the function of deoxygenation rate due to organic waste discharged,
the reaeration rate, the flowing time of water from one location in %the
stream to another, and initial levels of BOD and D.0. It is given by
the equation

k] L

Dy = E“““'E{ (e

kit _g-katy o r>1.'e"‘2t (17)
2

where



D., D, = D.0. deficits at time
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= 0 and time - t, respectively,

BOD concentration in the stream at time = 0, mg/1

1

1 t
mg/1
Li =
Ky = deoxygenation rate, day
k, = reaeration rate, day']
T = flowing time, day.

Associated with Equation (17) an equation ekpressing the change

of BOD with time was also used.

It is given by

N -kit
Ly =L; e (18)
where
Lt = BOD concentration at time - t, mg/l.
let
- e-k]t
g = e k2t
and
K
Ty = — kit _-k,t
(Ez Ef)é € 2>
then Equations (17) and (18) become
D, = vL; + &D;, 19)
and
Lt = GL.io (20)

Furthermore, let

0t = D.0. in the stream at time

=t'
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[
n

saturated D.0. in the stream,

e
it

initial D.0. at time = 0,
then equation (19) becomes
801 -0, - Ly = Os(s -1). (21)

Therefore, when values of k1's, k2's and t's are known, with the use
of Equations (20) and (21), a basin-wide water quality system can be for-
mulated into a linear structure. Combining this linear system with the
quality objectives of the receiving waters, the application of the zone-
treatment principle, and with other constraints, the desired treatment
levels of plants can be determined optimally through the use of linear
programming techniques. The objective function should be linear in
original form or after meaningful transformation.

Because of much uncertainty and complexity invoived in minimizing
the summaiion of non-linear cost functions from all treatment plants in
a basin, the treatment cost was not selected as the objective criterion.
Instead, total BOD removal, in pounds per day, of the complete basin was

taken as the criterion for minimization.

E. A Hypothetical Study of Water Quality Management

In order to demonstrate the application of the zone-treatment
principle in the management of water quality, a hypothefical study was
made. |

A river basin was hypothesized as shown Figure 23. The river system
consisted of one main river and six major tributaries. Six sub-basins
were defined in the basin according to their geographical locations.

Locations of thirteen gage stations, seven municipal treatment plants,
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and seven industrial treatment plants were also assumed. For the con-
venience of formulating this basin-wide water quality system, a simpli-
fied layout of the river system was schemed as shown in Figure 24. In
this scheme either discharge locations of treatment plants or stream
intersections were considered as control points. For the purpose of
reducing probability of D.0. violation in the stream, additional control
points were added. The method of determining additional control points
is shown in Appendix F. At eéch control point, the D.0. Tevel should

be equal or greater than the specified quality objective. Distance
location of contro! poihts were expressed in terms of water flowing

time in days. Each river section between two discharge locations of
plants was counted as a reach. There are seventeen reaches in the stream
system. Reach numbers are also shown in Figure 24. Design stream flows,
discharges of treatment plants, influent BOD concentrations, D.0. and
BOD in the upstream sections of rivers, deoxygenation rates, and reaera-
tion rates are all listed in Table V. The D.0. level in the wastewater
after treatment was assumed equal to 4.0 mg/1. D.0. saturation in the
stream was assumed equal to 9.0 mg/1.

The quality system of the hypothetical river basin was formulated
by using the data in Tab]é V and the application of Equations (20) and
(21). Details of the system formulation are shown in Appendix G. Ap-
pendix G also shows the determinations of tréatment zones from the appli-
cation of every criterion discussed in Section B.

A summary of results from the application of zoning criteria is
given in Table VI. A uniform minimum quality objective with 4.0 mg/]
of dissolved oxygen throughout the basin was used. Results with the

uses of other quality objectives will be investigated later.
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FIGURE 24: LAYOUT OF STREAM SYSTEM
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Remarks :
(1) T = Distance in term of water flowing time, day.
(2) o = Additional control point

(3) Classification of reach number =

No. 1 = A-B™, No. 2 = B-C™, No. 3 = C-D", No. 4 = D-E",

No. 5 = E~F, No. 6 - G=H", No. 7 = H-1", No.8 = I-M,

No. 9 = J-L7, No. 10 = K-L™, No. 11 = L-M", No. 12 = M-N",

No. 13 = N-E™, No. 14 = 0-P", No. 15 = P-E", No. 16 = R-S~
No. 17 = S-F°



TABLE ¥

WATER ITY DATA OF HYPOTHETICAL RIVER BASINS

items ¢. cfs D.0., wg/1 BOD. mgf1
k}. kz.
River Design ‘ Untreated day-l | dayez
1Y
Location Flow |Effiuent Stream | Effluent Stream Flow
|
- 250 7.4 1.6 0.23 0.45
A + (”) M 5 * 4.0 - 500 0.30 "
= 260 »* * " n
B L oy ° k13 s 4.0 - 38 o.zs | o
- 275 * - * " "
Iz . 6 . 4.0 . 650 0.32 «
:?'M 280 -
Yer - * L] "
0 33 v 3 . 4.0 . 975 0.3 | =
- L] L ] - o "
g *(M2) 450 12 * 5.0 * 240 0.31 {[o0.48
+ {River A) " > * " "
+ {River B) " * * u v
F - " L] w " »"
+ (River C) 500 * - 0.30 "
- 10 7.5 1.0 0.24 0.35
& 3 o) ! 8 . 4.0 : 220 0.2 |
- " * * L] "
H 5 8.0 1.0 M
River A2 + (River A21) 20 - - 0.23
- " * * N u
T yas . z * 4.0 . 350 0.29 | *
M - L * * " "
- 25 7.6 0.4 0.20 0.3
J ‘ ? 4.0 21 :
fiver Al + (M) ’ - * 0.25
L - 30 * - " "
- 28 8.0 1.2 0.24 0.40
K 7 () 2 10 R 4.0 . 300 0.5 | *
- “ * " [ "
Loy (River Al} 60 * * M .
River A - " * * * "
M 4+ (River AD) 80 * . 0.27 |0.45
- .. " . N u
"L s " 4.2 . 4.0 . 1040 0.3 "
E -~ " - * " L]
- 34 7.8 2.1 0.20 0.50
0 4 (v) " 7.8 o he oo oz |-
iver B - w - . p "
River Py e 50 3.6 " 4.0 * 700 0.27 “
£ - a " * " "
- 2 1.7 1.8 0.21 0.46
R, (M7 b 7.5 - 4.0 . 275 0.23 M
- » * * » "
River C 5 5 a?) 46 2.5 - 4.0 . 865 6.3 "
F - “ * * " "

- = lnmediate upstream side
+ = Ppint of the inflow
* = Yalue needed to be determined
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TABLE VI
OPTIMIZED RESULTS OF WATER QUALITY MANAGEMENT
WITH USES OF VARIOUS ZONING CRITERIA

Uniform Minimum Influent BOD-flow
Treatment Treatment Sub-basin BOD Ratio

Total BOD Removal, 554088 201566 209815 224088 21173

ibs/day

Erys % 88.38 80.22 83.25 88.38 80.64
Efos % ! 98.00 " " "
Eygs % " 30.00 " " "
Ergs % " 98.00 86.88 " "
Ergs % " 98.00 92,13 " )
Ergs % " 30.00 70.89 " "
Ergs % * 44.08 77.72 " "
Epp» % " 98.00 83.25 " "
EMZ, % " 30.00 " " "
Ews, % § 83.66 86.88 " 95.17
EM4, % " 93.12 76.72 " "
Eys, * " 69.78 92.13 " "
Evg® * ! 88.74 70.89 " "
Egzs % ! 98.00 77.72 " 80.64

Remark:

EI] and EMB’ for example, denote percents of BOD removal required
at industrial treatment plant 1 and municipal treatment plant 3,
respectively.
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From reviewing the values of minimized total BOD removal in pounds
per day and the required tfeatment degree at each plant, two points are
obvious. First, the method which aliows a different treatment degpree at
each plant is extremely inequitable, though it requires the least amount
of total BOD removal. The most obvious disadvantage is that this solu-
tion is very likely to create Targe difference in treatment requirement
among dischargers, even those located close to each other. The case of
treatment plants 12 and 13 is an outstanding example. They are located
at opposite banks of the Main River and could be expected to cause an
almost equal degree of damages. But through the use of this minimum
treatment method, the treatment requirements are 98% and 30% for plants
12 and 13, respectively. Second, these results indicate that "BOD flow
ratio" ahd "Sub-basin" are two potential criteria which could provide
good management of regional water quality. The values of total BOD .-
removal from the uses o% these two methods are almost equal to each
other and are only slightly larger than that from the use of the mini-
mum treatment method. Both methods would be convenient to implement
administratively because they have shown the virtues of economy and

equity.
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|} M/ (Fr1) 1-DAY
1 0.0312 30.0
2 0.0625 85.0
3 0.0938 147.0
4 0.1250 202,0
5 0.1563 2710.0
6 0.1875 280.0
H 0.2188 290.0
8 0.2500 300.0
9 0.2813 326.0
10 0.3125 327.6
11 0.3438 342.0
12 0. 3750 372.0
13 0.4063 394.0
14 0.4375 436.0
15 0.4688 615.0
16 0.500 688.0
17 0.5313 694.0
18 0,5625 790.0
19 0.5938 850.0
20 0.6250 944.0
21 0.6563 1150.0
22 016875 1200.0
23 0.7188 1220.0
24 0.7500 1260.0
25 0,7313 1310.0
26 0.8125 1400.0
27 0.8438 1500.0
28 0.82750 1540.0
29 0.9063 1750.0
30 0.9375 2100.0
3 0.9688 2620.0
Reparks:

ANNUAL MINIMUM FLOWS, CPS, FOR VARIOUS NUMBERS

OF CONSECUTIVE DAYS AT STATION 7-1645

3-DAY
92.0
263.0
447.0
692.0
852,0
880.0
880,0
920.0
989.0
1116.0
1193.0
1218.0
1107.0
1494.0
2116.0
2134.0
2170.0
2403.0
2638.0
3540.0
3550,0
3640.0
3880.0
4070.0
4770.0
4820.0
5320.0
5400,0
5790.0
8600.0

8880.0

T-DAY
240.0
624.0

1071.0
1996.0
2160.0
2209.0
2209.0
2210.0
2361.0
2698.0
307¢.0
3731.0
4230.0
5047.0
5306.0
5973.0
6377.0
6458.0
7334.0
8850.0
9180.0
9240.0
9840.0
11750.0
11890.0
12430.0
13220.0
13830.0
16360.0
22310.0

23000.0

14-DAY
653.0
1350.0
2640.0
4323.0
4400.0
4501.0
4700.0
4730.0
5474.0
6859.0
7058.0
7683.0
2982.0
10500.0
11933.0
13217.0
15498.0
18800.0
19850.0
19954.0
22210.0
22530.0
25000.0
25860.0
27060.0
27190.0
27960.0
28710.0
34820.0
48770.0
51700.0

. Period of racords: April 1, 1938 - March 31, 1969

. N: Total number of years
. M/({N+1) = Observed cumulative probability

1
2, M: Ranking numbsr of Elowe in a non-decreaaing order
3
L]

30-DAY

1834.0

3210.0

6151.0
10266.0
11229.0
11284.0
12595.0
12865.0
13576.0
15873.0
17236.0
19896.0
25484.0
28440.0
29919.0
36667 .0
42070.0
47100.0
47B48.0
56880.0
57980.0
59550.0
60710.0
62450.0
64360.0
66290,0
72870.0
80220.0
1053490.0
111790.0

149190.0

60~DAY
5593.0
8986.0
15685.0
26962.,0
28160.0
31910.0
37301.0
39817.0
42319.0
45610.0
48002.0
51414.0
57286.0
68012.0
£9021.0
103918.0
126057.0
134120,0
136730.0
141910,0
14621000
149754.0
151420.0
154920.0
177120.0
207900.0
207910.0
218970.0
241390.0
294520.0
418200.0

55

90-DAY
12427.0
16007.0
24598.0
49495.0
51318.0
61844 .0
63046.0
67259.0
74883.0
86535.0
112252.0
120559.0
133623.0
155117.0
160678.0
174297.0
201910.0
208360.0
220550.0
228580.0
233200.0
261520.0
288520.0
288780.0
328920.0
377600.0
380890.0
386440.0
3868516.0
508610.0
606430.0
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e

10
1
12
13
14
i5
16
17
is
19
20
21
22
23
24
25
26
27
28
29

30

Remarka:

ANNUAL MINIMOM FLOMS, CPFS, FOR VARIOUS NUMBERS

OF CONSRCUTIVE DAYS AT STATION 7-1775

¥/ (1) 1-DAY 3-DAY 71~DAY 14-DAY
©.0323 0.0 0.0 0.0 0.0
0.0645 0.0 0.0 0.0 0.0
0.0968 0.0 0.0 0.0 0.0
0.1290 0.0 0.0 0.0 0.0
0.1613 8.0 0.0 0.0 0.1
0.1935 0.0 0.0 0.0 1.8
09,2258 0.0 0.0 0.6 3.2
0.2581 0.1 0.3 0.7 5.2
0.2903 0.1 0.5 1.8 5.5
0.3226 0.2 0.8 2.2 6.9
0.3548 0.3 0.9 2.4 12.6
0.3871 0.3 1.7 4.5 15.3
0.4194 1.2 3.6 9.0 20.7
0.4516 1.3 4.3 11.5 27.8
0.4839 1.5 5.4 13.5 29.4
0.5161 1.7 5.5 14.7 29.6
0.5484 2.1 6.3 14.7 35.7
0.5806 2.2 6.6 18.4 43.6
0.6129 2.8 11.4 28.2 66.0
0.6452 3.8 12.2 30.8 66.8
0.6774 4.5 13.5 36.0 80.8
©0.7097 4.8 14.4 39.7 89.7
0.7419 5.0 15.8 9.7 124.3
0.7742 5.6 . 18.4 48.8 134 4
0.8065 7.2 21.6 54.8 137.3
0.8387 7.2 22.3 57.9 159.5
0.8710 8.6 28.0 67.9 161.4
0.9032 12.0 31.0 98.0 264.0
0.9355 17.0 55.0 157.0 + 405.0
0.9677 22.0 66.0 161.0 482.0
Pariod of records: April 1, 1939 - March 31, 1963

M: Ranking number of flows in a non-decreasing order
N: Total mumber of ysars
M/ (+1) = Observed cusulative probability

30~-DAY
0.0
0.0
0.0
0.3
11.4
15.3
17.2
19.8
43.9
46,1
46.7
50.4
B84.7
85.0
107.0
135.4
176.6
177.8
254.0
307..8
308.8
315.2
345.3
369.1
376.4
521.3
832.4
923.0
2437.0
3665.0

60-~DAY
0.0
0.1
6.8
7.2
40.1
52.6
83.3
126.6
194.2
249.0
263.2
318.2
349.3
352.1
407.5
424.8
592.7
666.4
685.8
901.2
925.0
1052.3
1158.3
2214.0
2503.2
3069.0
4163.1
4939.8
6194.0

8973.0

90-DAY
0.0
0.1
26.8
29.8
112.1
116.5
237.7
182.8
4$29.4
466.7
725.6
925.4
234.1
1203.7
1217.4
1507.8
1858.2
2043.2
2935.3
4130.6
6060.9
7258.7
7482.3
7935.1
8369.0
11036.5
11316.0
12768.6
15034.0
25535.6

56



10
11
i2
13
14
15
16
L7
18
19
20
21
22
23
24
15
26
27
28
29
30
k)
32
kk]

34

M/ (1)
0.0286
0.0571
0.0857
0.1143
0.1429
0.1714
0:2000
0.2286
0.2571
0.2857
0.3143
0.3429
0.3714
0. 4000
0.4286
0.4571
0.4857
0,5143
0.5429
0.5714
0.6000
0.6286
0.6571
0.6857
¢.7143
0.742%
G 7714
0. 8000
0.8286
0.8571
0.8857
0.9143
0.9429

0.9714

1-DAY
76.0
200.0
255.0
500.0
566.0
585.0
638.0
650.0
578.0
910.0
983.0
1040.0
1040.0
1110.0
1470.0
1680.0
1810.0
1850.0
1890.0
1960.0
1190.0
2240.0
2340.0
2330.0
2640.0
2790.0
3620,0
3090.0
3380.0
34%0.0
3510.0
3650.0
5100.0
5650.0

Pertod of recards:

ANNUAL MINIMUM FLOWS, CFS, FOR VARIOUS WUMBERS

OF CONSECUTIVE DAYS AT STATION 7-1945

3«DAY
276.0
405.0
102¢.0
1500.0
1956.0
2045.0
2054.0
2177.0
2366.0
2980.0
3049.0
3120.0
3430.0
4040.0
4630.0
5400.0
5790.0
6050.0
6750.0
7250.0
7650.0
7780.0
8030.0
4060.0
9260.0
10300.0
10530.0
11340.0
11390.0
11440.0
11880.0
14170.0
18450.0
10900.0

7-DAY
843.0
14k5.0
2460.0
3500.0
4823.0
4958.0
5213.0
6272.0
71%0.0
71400.0
7506.0
7199.0
8830.0
10800.0
12870.0
13970.0
14120.0
15910.0
17930.0
19350.0
19500.0
19740.0
20940.0
23410.0
25220.0
27660.0
28170.0
32240.0
33520.0
34030.0
35140.0
39120.0
50120.0
56750.0

L4-DaY
2060.0
3284.0
$115.0
7460.0

10837.0

10857.0

10953.0

14552.0

1499G.0

15810.0

15909.0

15910.0

19940.0

29360.0

29430.0

31720.0

35120.0

37340.0

40880.0

42890.0

42970.0

47670,0

50050.0

52430.0

53000.0

62720.0

63290.0

65580.0

70950.0

16930.0

83610.0

111870.0
125310.0

152230.0

April 1, 1935 - Mareh 31, 1969

M: Ranking nusber of flows Iin & non-decreasing order
R: Total number of years
M/ (Nl) = Observed cumulative probability

30-DAY
6969.0
8276.0
16015.0
17917.0
25831.0
29514.0
30373.0
32780.0
35331.0
35842.0
370300
38629.0
47380.0
76890.0
77180.0
79080.0
87150.0
93840.0
96580.0
126930.0
129070.0
131580.0
137430.0
139700.0
139830.0
143360.0
1682000
157710.0
169580.0
174510.0
261060.0
262280.0
367930.0
415410.0

60-pAY

17379.0
24204 .0
37733.0
38725.0
66089.0

75640.0

75868.0

83351.0
85342,0
90820.0
$1110.0
101440.0
110140.0
172620.0
194541.0
202240.0
212460.0
217430.0
217550.0
291020.0
303380.0
308919.0
341830.0
343930.0
360260.0
366000.0
3742406.0
402530.0
533280.0
581470.0
633030.9
754560,0
822730.0
1169300.0

57

90-DAY
36425.0
54024.0
59913.0
111559.4¢
120878.0
128605.0
132510.0
141192.0
149230.0
157350.0
162670.0
265760.0
299780.0
329680.0
371390.0
380670.0
395390.0
451421.0
464560.0
482670.0
496740.0
595450.0
615680.0
680130.0
684220.0
877090.0
936940.0
969290.0
1010460.0
1181510.0
1275460.0
1309740.0
1352030.0

1141100.0
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Subroutine YCOMP

This routine accepts the equation to which the data are to be
fitted, and calculates the value of the dependent variable for each data
point using successive estimates of the parameters as determined in the

main routdine.
Subroutine DERIY

In this section, the values of partial derivaties of the correlating
equation are estimated by a differencing method. Thus, we avoid the problem
of determining and programming partial derivatives which may be very com-
plex. Comparisons of the results obtained by this method with those
obtained by use of actual partial derivatives show no appreciable advantage
in convergence from mathematically accurate derivatives.

This routine obtains the current parameter values from the main
program, and changes each parameter successively by a small percentage,
both plus and minus. Subroutine YCOMP is then used to find the dependent
variable values for these slightly differing parameter values. The result
gives estimates of the partial derivatives, which are used to establish

the parameter values for the succeeding iteration.
Subroutine SOLV

The value obtained from the YCOMP and DERIV subroutines are used by
the main program to formulate a matrix which is fed to the SOLY subroutine
for solution. The results are returned to the main program, which uses

them to determine the parameter values for the next iteration.



60

This rodtine uses the largest available element of each row as a
pivotal element, rather than solving on the diagonal. The major advantage
of this is that it eliminates the possibility of using a zero element as
a pivot uniess there is an entire zero row or column in the matrix. This
eventually is also provided for. If it occurs, the program terminates

with a printout informing the programmer of the reason.
Parobolic Fit

After each third iteration, the next estimate is made by appliying
a parabolic fit to the three previous sum-of-squares values. In general,

this will materially increase the convergence rate.
Programming of Correlating Equation

The program statement of the equation must have the digit 1 (one)
in column 5. This controls a DO loop which cycles through the data
points. The dependent variable must be specified as CY(N), where the
subscript, N, is the index for the DO loop.

The independent variabies are designated as Z (i, N}, where the i
identifies the particular variable. The parameters are identified as
B, subscripted. f’

For example, the equation

W= (A+Bx2) e (CX-DY)
where the paremeter values to be optimized are A, B, C, and D, and the
independent variables are X and Y, can be programmed as

T CY(N) = (B{(1)+B(2)*Z(1,N}*=2)* EXP(B(3)*Z(1,N)-B(4)*Z(2,N})

This is inserted in subroutine YCOMP after the statement



61

00 1 N = 1,NUMBER

Programming of Data

The first data card contains specifications in 1216 format which are

Tisted in the

MM(1)

MM(2)

MM(3)

MM(4)

program as subscripted MM. They represent the following:
number of data points

index of depehdent variable, or one digit higher than the
highest indexed independent variable

number of parameters

1imit on number of iterations. A value of 30 to 60 is
usually sufficient for convergence.

MM(5), if negative, skips reading of Z(i, N} values from input.

MM(6)
MM(6)

MM(6)
MM(7)
MM(7)
MM(8)

MM(9)
MM(9)
MM(10)
MM(10) =

MM(10)
MM(11)

MM(12) =

-1 gives results of calculations for each iteration.

0 gives final results only.

1 gives results for only the first and last iterations,
1 gives straight fit

0 gives parabolic fit. Recommended.

1 for input. This value is changed internally during the
program run.,

1 prints input data as part of output.
0 bypasses this recording.

-1 records each matrix.

0 bypasses these.

1 records first matrix only.

number of problems in the run. Allows multiple problems
on one computer run.

if negative, nullifies printing of all output except final
solution.
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The second through fifth data cards are the initial estimates of
parameter values in 6F12.12 format. The maximum number of parameters is

twenty. The twenty-first through twenty-fourth fields are used as follows:

B(21) = tolerance on convergence. Recommend 0.000/.

B(ZZ) = is uséd internally in DERIV routine. Leave this field blank.
B{23) = limit on magnitude of iteration changes. Recommend 1.0.
B(24) = is not normally used.

The program reads 24 values regardless of the number of parameters
actually used. Therefore, there must be four data cards in this section,
even though one or more may be biank.

The sixth card specifies the format of the remaining cards. All
variable values for the first data point are listed first, followed by
those of the second data point, etc. The dependent variable is the last
value listed for each point. There are no unused fields. The first
value of one data point must be in the first following that of the last
value of the previous data point. The maximum number of data are three

hundred points. And the maximum number of variable are twelve,
Program Lists

The following program 1ists are shown on succeeding pages:

List I The general program excluding YCOMP subroutine.

List II

YCOMP subroutine for Johnson SB distribution.

YCOMP subroutine for Gumbel's limited distribution.

List III
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100
13
15

20
21
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SLIST T .

EMBEDDING PROGRAM FDR GAUSS

DIMENSION 3‘24'|1(12!300)'"ﬂ(12'

DIMENSION FTM (18) R

COMMON NUM.B,2

COMMON /COMA/ MM

COMMON /COMB/ JJ

READ (54+2) (MM{J),yJ=1,12)

FORMAT {1216}

NUMsMM{ 1) C : o

NSET=MM{ 2} N

ITFINUMY 444,10

WRITE (6,45)

CALL EXIT

FORMAT (40HO GAUSS INPUT ZERO, PROGRAM STOP 71H1)
READ (5,11) tB‘Jl'J=102Q| T
FORMAT (6F12.4)

READ (5,100) ‘Fﬂt(l'sl?lvla'

FORMAT (18BA4)

IF (MM{S5)) 15,14,14

FORMAT (4F12.4)

READ (5,FNT} (ll‘JiN)vJ*l'NSEY|9N-1'NU“'

CALL GAUSS

[F (MM{8)-2) 30,20,30

WRITE {6421) ‘ ' B
FORMAT {(40#H0 GAUSS CONVERGENCE 17}
MM(B}=1

MMELl1li=MM(11)~]

IF (MM{LL1)) 141,14

END

SUBROUTINE GAUSS
DIMENSION A(20,211,8{24)BMEN(20),BSTART(20),C(20411¢X02041),

*7t12, 300).DEL(20lpEl20).HHIIZ];RECDRDI100].CV(300I:FP(20-300)

COMMON NUMBER,8,2
COMMON /COMA/ MM
COMMON /COMB/ JJ)
COMMON 7COMC/ CY
COMMON 7COMD/ FP
COMMDN /FCOME/ AL oM
EQUIVALENCE {(A,X}
NUMBER = MM{1}

NSET = MM(2}

JJ = MM 3}

LIMIT = MM{4)

NULL = MM{12)
MM{12) = MM{12) + 1
IDNTFC = MM(12)
I2EROD = 1.0
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LIST 1 ( CONTINUED )

SCALELl = 0.2
SCALE2 = 1.5
SCALE3 = 1.0
TOL1 = B{21)

X NORM = 0.0
MARK P = O
KKPATH = -1
NDOWN = 0

NN = O

NNPARA = O
MPATH = ]
NTZERQ = -1
SUMSQ = 0.0

T = 0.0

X3 = 3.0

X2 = 2.0

Y2 = 2,0

Y3 = 3,0

IE (LIMIT = 100) 2,4T7447
IF (TOL1l) 420542041
DO 4 4 = 14J4J
BMINLJ) = B(J)
BSTART(J) = BL{J)

CXNORM = X NORM + B(J)**2

DEL{J) = 0.05%ABS (B(J))
[F (DEL{JY) 4,3,4

DEL{J) = 0.05

CONTINUE

WRITE {6,5)

FORMAT {S1Hl GAUSSTAN PARAMETZIR SUBROUTINE

WRITE (6,412)
WRITE (6,108)
IF [MMI9}) 400464400

IF (MM(8) - 1) 7,80,7
1F (B(23)) 8,8y430
JPARA = -1

MPATH = -~}

T = 0.0

MM(B) = 2

WRITE (6459}

po9 J = l.J4J
BSTART(J) = BlJ)
SOLAST = SUMSQ

SUMSQ = 0.0 :
NTZERN = NTZERO + }

NN = NN+l

IF {NN =« LIMIT) 12,12,11
MM{B) = -2

(MM{L), L=1,12)
(Bl{dly J = 1!25)

b4

12,3000 .
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47

LIST I CONTINUED )

GO TO a0

CALL YCOMP

D0 17 N = 1,NUMBER
YC = CY{N) -
DELY = YC -~ Z{(NSET.N) .
SUMSQ = SUMSQ + DELY*#2
IF (NULL) L17.13,13
IF (MM(6&)} lay1T,14%
IF (N-1) 16415416
WRITE (6,410}

WRITE (6,18)

MARK ¢ = )

CONT INUE

RECORDINN} = SUMSQ
FORMAY (16.,4E18.7)
GO TO 440 _
IF (NN -~ 1) 20,22+30
IF (SUMSQ-SOMIN} 21,21,27
NOOWN = 1

SQMIN = SUMSQ

DO 24 Jd=1,J44

BMINtJ)} = 8(J)

IF (MPATH) 301,200,238
IF {(NDOWN) 28,28,29
NDOWN = -1

IF (MPATH} 301,200,386
IF (MMI6)Y 32,432,311
MM{6) = O .
IF (MM(10)) 20,20433
NTZERO = 1

DO 39 4 = 1,JJ

B{J) = BMIN{J}
BSTART(JY = BMINGJY ™
Y1l = SQMIN '
XL = 0.0

JPARA = -~}

MPATH = -1

G0 TO 301

SUM2 = SUML

SUML = SUMSQ

NNPARA = O

IF {(SUML - SUM2} 19,45,19

TZERO = SCALEl*TZERD
NDOWN = O

T = 0.0

GO TO 8

LIMIT = 99

GO T0 2

P

NaYCH ZINSET 4N) yDELY::

65
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LIST- I { CONTINUED )

49 T = =0,5%( (XI*X1-X2%X2)*({¥]1=Y3)}={X1*X]1~X3eX3)*{YL-VY2))/
* (ixX1- XBD*(YI-YZ) {KI XZl*(Vl Y3l'
MPATH = 1 . .
JPARA = =] ' ' -
NNPARA = ]
NDOWN = O
GO TO 366
53 WRITE (6,54)
54 FORMAT {(24HO OVER=-UNDERFLOW WAAl
MM(B) = ~] o
MM{10)} = =1 e
60 TO 301
56 WRITE (6,457}
ST FORMAT (24H0 MATRIX IS SINGULAR 17)
MM(8) = -1 ; e e
MM{10) = -] . g
GO 7O 201 . ' : O
59 FORMAT (114HOCYCLE . SUM OF SQUARES TRBRERREERR R REEE AR R R ¥
Mk kk ki KRRk PARAMETERS ok ket kb dokdk kg gk fh kg kg kg Rphhns f /)
58 FORMATY (164 FLB.5, 5E18 6/(E42. 6'4518 6|i
60 DO 66 J=14dJ
BYEST = A{J)~BSTART{J)~ DELIJ'
IF (BTEST) 63463,62
62 BlJ4) = BSTART(J) + DEL(J)
63 CONTINUE
BTEST = B{J)} -BSTART(J} + DEL(J’
IF (BTEST) 65,65,66
65 84J) = BSTART(J)-DELLY)
66 CONT INUE
MPATH = -1
&7 DO 6% J=1,J4J
69 BSTART(J) = BLJ)
GO TO 10 :
80 IF (NULL) 10008282
82 AV = 0.0
AV] = 0,0
AvZz = 0,0
YMAX = 0,0
ZMAX = 0.0 s e g
IIMAX = .0 T
DO 81 J=l+JdJ
Bl BlJ) = BMIN(J)
N = |
DG 90 J=1+dd

" 90 WRITE (6:91) J,8(J)

91 FORMAT (4H B 12y El4.5)
WRITE {(&6,100)
92 WRITE (6493)
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LIST T { CONTINUED )

93 FORMAT (BZHONUMBER Y OBSERVED ¥ CALCULATED
* DELTA Y PCT DEVIATION 7/7)

94 CALL vCOMp '

98 YC = CY(N}
DELY = YC =~ Z{NSET,N}
RATIO = 100.0 * {DELY / Z(NSET.N}))
ABSRAT = ABS (RATIO}
AV = AV + DELY
AVl = AVl + RATIO
AV2 = AV2 + ABSRAT
WRITE (6+95) NeZUNSETsN},YC,DELY,RATIO

95 FORMAT (I5,E23.59E17.5,2E19.5)
ABSVAL = A8S (DELY)
IF {(YMAX = ABSVAL) 96,96,97

96 YMAX = ABSVAL
YYMAX = DELY
MARK = N

97 IF (2ZMAX-ABSRAT) 971,971,972

971 IMAX = ABSRAY
IIMAX = RATIOD
MARK] = N

972 N = N+1
IF (N - NUMBER)} 98,98,99

99 D = NUMBER
Av = AV/D
AVl = AV1i/D
AV2 = AV2/D
RTMNSQ = SQRT (SUMSQ/D)

WRITE (&,4100)
100 FORMAT{118H0¥#*#*##*#*#***tt#t##*###t*###t#*#*#t*t*#*****#*#*###.

koo ok ok kAR R R R Rk Rk R Rk ROk R Rk Rk Rk Rk Rk kR ek S

*/)
WRITE (5,101 AV4,AV1.AV2
101 FORMAT (30HQ AVERAGE DEVIATION El4.5,
» 20H AVERAGE PCT DEV El4.5,
* 20H AVE ABS PCT DV El4.5)
WRITE (6,103) YYMAX,MARK
103 FORMAT (30H0 MAXIMUN OEVIATION El4.5, 16}
WRITE (6,104) ZMAX,MARK] ‘ Ty
104 FORMAT {30H0 MAXIMUN PLY DEV El4.5,161}

WRITE (6,105) RTMNSQ
105 FORMAT (30H0 ROOY MEAN SQUARE DEVIATION El4.5)
107 FORMAT ( 21HC AT ETERATION [3, 24H, THE SUM OF SQUARES IS
* El6.7/ 22H0 FOR PARAMETER VALUES IlHOII{GEZO.Tl) .
108 FORMAT (5F20.5)
109 FORMAT (/7)
110 FORMAT (120y F20.8)
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LIST I ( CONTINUED )

WRITE (6451}
IF (MM{B) + 2) ll4as11l,114
111 WRITE {6,112} EE R
112 FORMAT (30HO EXCEEDED ITERATION L!"‘T Ay
GO TO 999 R
114 IF (MM{B) - 1) 999,8,999
200 IF {(NDOWM} 201,201,202
201 T = T¥=SCALEL .
GO ro 203 . . . _“._‘: o fenos . e
202 T = T*SCALE2 : . ' :
203 MPATH = 0
JPARA = JPARA ¢+ 1
GD TO 366
301 MPATH = 0
302 DO 5 N = 1,44
305 A{M,N) = 0,0
CALL DERIY
CALL YCOMP
DO 313 N = 1 ,NUMBER
OO0 313 K = 1y.JJ
CiK,1) CEKy1) & FP{K N} * (ZINSET N} ~ CYIN}I"
D0 313 4 = Kedd
313 AtKsJd) = A(KysJd) + FP{KyN) = FPLJ,N)
IF (NTZERD) 318,318,317
317 TZIERD = 1.0
318 T = TZEROD
Do 316 I = 2, JJ
1t = 1-1
DG 316 J=1,I1
ate AL, Jd) = AQY,1)
IF (MM{10})} 319,331,319
319 WRITE {64320} NN
320 FORMAT (19H0 MATRIX, ITERATION 13)
MMPATH = O
322 DO 323 1=i4d4
323 WRITE (6+324) (AlLyJ)e J=1yJdJd)
124 FORMAT (9EL13.5)
. DN 328 I=l,J4d
328 WRITE (6,4324) Cll+1)
IF (MMPATH)} 350,331,350
331 N0 340 1=1,44
OENOM = ARS (A({I+10)
DO 336 J=2,4JJ
IF {DFNOM-ABS (ACLE,J))) 335,336,336
335 DENOM = ABS (AlI.J))
336 CONT INUE
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LIST 1 | CONTINJUED )

DO 338 K=l.JdJ
338 A(L.K) = ALI,K)/DENOM*SCALE3
340 CUT+1) = C(141)/DENOM=SCALE3
MMPATH = 1
IF (MMUL0) ) 322,350,322
350 0D = 1.0
IF (MM{B)) 999,354,354
354 CALL SOLV
GO TO (351,+53,56)14M
351 IF {MM{6}) 352,363,352 .
352 WRITE {643593) {Xldelly J=140J)
353 FORMAT (13HO DELTA B(J)/U19E13.5}))
363 Y NORM = 0,0
D0 364 J=1,.dJ
364 Y NORM = ¥ NORM & X({J,l)»%2 SR A e
IF (Y NORM = X NORM) 366,366,385 e DO
365 T = 0,5*SORT (X NORM)}/SQRT (Y NORM)
X1 = T
366 DO 36T J=1,JJ
367 BlJ) = BSTART(J) + TX(J,l})
371 DO 376 Joi,J4 ) - e e
IF (BUJY} 372,374,372 '
372 Xx = ABS {(B{J) - BSTARTtJIV/7B{I))
G0 TO 375 '
374 XX = ABS (B{J) - BSTART(N)}
375 IF (XX-TOLL1) 376,376,378
376 CONTINUE
MML{a) = 2
GO0 T0 80
378 IF (MM{T)) 604379,40
379 IF {NDOWN) 10,410,380
380 IF (JPARA) 10410,49
400 [F {NULL) 6,401,401
401 WRITE (6,100}
IF (MM{S5)}) 426,403,403
403 WRITE (6,402)
402 FORMAT (1SH OBSERVATIONS/Z/)
DO 404 N=l ,NUMBER
404 WRITE (644051 Ny (Z1JeN)y Jd=1,12)
405 FORMAY (14,BEl4.5/{E18.54TEL4.5))
406 WRITE (6,5} IDNTFC _ w0 _
GO T0 & . e Sy S
410 FORMAT { 60HO DATA Y COMP Y 08s OIFFER
*ENCE )
411 FORMAT {16,F20.7) : Ty S
412 FORMAT (1216) :
420 TNLL = 0.0001




LIST I ( CONTINUED 1}

GO 10 1
430 IF (Bt23) - 1.0) 431.8,8
431 TZERO = RB(23)
WRITE (6,+433) TLERO
433 FORMAT { 3040 VECTOR SCALE FACTOR = 8{23},
GO YO 8
440 TF (NULL) 446,441,041
441 N SPIN = N SPIN + 1
442 1F (MARK P 444,443,444
443 IF (N SPIN - 15) 445,444,444
444 N SPIN = 0
WRITE (6459}
44% WRITE (6,58) NN,SUMSQ,(B(J}, J=l,4J)
446 X3 = X2
X2 = X1
X} = T
Yi = Y2
Y2 = Y1
¥l = SUMSQ
IF {NNPARA) 40,19,40
996 WRITE (6,991)
DN 890  J=14NN
999 WRITE (6,405) JyRECORDLY)
991 FGRMAT ( 2BH0 RECORD OF SUM OF SQUARES
993 FORMAT {(24HO MINIMIZING PARAMETERS 7))
WRITE {(6,993)
WRITE (66,1081 (BIMIN{JIJ=1,4d)
1000 RFTURN
END

SURRNDUT [NE SOLYV
DIMENSION At20,2L), C{2041),LOCL20})» CK(20}
COMMON 7COMBY JJ
COMMON /COME/ A CyM
M =1
NP = JJ + 1
DO 11 1 = 1yd4
Cx¢Ily = 0.0 .
11 A(I4NPY = C(Y,1)
DO SO I = 1444
P =14+1
SUCOOIEIND MAX ELEMENT IN !'TH COLUMN.
AMAX = 0.
DN 2 K = 1,44
[F {AMAX - ABS(A(K,I))) 3,2,2
Ceotrels NEW MAX [N ROW PREVIGUSLY USED AS PIVOT
3 OIF (CKIKD) dq44,2

EL244/7V

77 )
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4
?

n

LIST I ( CONTIMJED )}

LOC(I) = K

AMAX = ABSIA(KuI)'
CONT INUE :

CK{L} = 1.0

WV CIDERFORM ELIMINATIDN. L IS PIVOT ROWe A(L'Il IS PIVOT ELENENT.l 3

40
. 50

200

99

(=20 ]

21

22

DO 50 J = 1444

1€ (L=J) 6,:50,6

F = =AlJy1)} /7 ACL,I)

DO 40 K = [P,NP : e e g
AlJ,K) = AlJeK) + F * A{L+K) T

CONTINUE '
DO 200 ! = 1,4J

L= LOCC])

A(L141) = ALLsNPY /7 ALL D)
RETURN

M= 3

RETURN

END

1

SUBROUT INE DERIV /
DIMENSION 31241.1112.3003.cv¢3003.ﬁplzo.aoon.nlzoi.vtaoon
COMMON NUMBER ,B,Z : IR AN T PN
COMMON /COMB/ JJ S -\,_f.-+,:ﬂg. ﬂ_f-_;
ConMon Scomer o o AU AT S NI
COMMON /COMD/ FP

IF (8(22)) 20, 1.20
B(22) = 1.0

DO 7 J = 1,J4

TEST = ABS{(B{J)}

IF (TEST - 0,001) 596,6
H{J) = 0.001

60 T0 7

H(J) = 0.0001 * TEST - B e ey

CONT INUE . ‘ _ o : L
DO 22 J = 14JJ I ) T ﬁ;nJLEfﬂf
TEMP = B{J) C ' T IR
B(J) = TEMP & H{J}

CALL YCOMP

DO 21 N = 1, NUMBER

Y{N) = CY(N)

B{J} = YEMP - H(J)

CALYL YLOMP

BlJ) = TEMP

DO 22 N = 1l.NUMBER

FP{JsNY = (YIN) - CYIN))I/(2. * H{J})}
RETURN

END

A e
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CLIST 1

SUBROUTINE YCOMP o B
DIMENSION B(24l-2t12.300l.CY(3001 L
COMMON NUM,B,2
" COMMON /COMC7 CY
M= 3]

¥re0eM = SAMPLE SI2E

T IF (B{3)=2{{1l,1)} 20020130

30 81(3) = 2{1,1)-1.0

: GO TH a0

" 20 IF (B{3}) &0,B0,80

60 B(3) = 0.0

BO BR = B(3) + Bl4)

CTE BB = ZUlyM)) 24244 e
2 Bl4) = 2{1,M) =~ BI3) + 1, 0
4 00 1 N = 1,NUM )
X = B(l) + BU2)*ALOG((Z{1 N)~ B(3l'l(3(3'*3(4|
AX = ABS(X)
T = 1.,0/{1.040.,2316419%AX}
0 = 0.3989423%EXP{-X%X/2.0} ¥ HTEIY
P =1, - D*T*lll(l 33027#*T-1 821256|‘T*l.
«3193815)
{X) 10101
= 1,0=-P

{N} = P

RETURN

END :

* 0

1F
10 P

1 Cy




/3

LISY I1i

SUBROUTINE YCOMP

DIMENSION B(241,2{12,3001,CY{300)
COMOMN NUM 8,2

COMMON JCOMC/ CY

IF {BU3)-2(1+11) 20+20,30

BE3) = 2(1l,1)

G0 10 3

IF {(B{3}) 243,3

B(3} = 0,0

DO 1 N = 1,NUM

EX = ({Z{L+N)-B{3)3/7(B{L)-B(3}))=xp{2)
EY = EXPIEX)

CYIN) = 1.0 = (1.0/EY)

RETURN

END
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JOHNSON S8 DISTRIBUTION FOR MIN. 1-DAY FLOWS AT STATION 7-1775

NUMB ER MIN, FLOW CAL. PROB, 08sS. PROB. DELTA PROB.
1 0.01 0.0943 0.0323 0. 0620
2 0.01 - 0. 0943 0.064% 0.0297
3 0.01 0.0943 0.0968 -0. 0025
5 0.01 0.0943 0.1613 _ -0,0670
8 0.01 0.0943 0.193% ~0. 0993
7 0.01 0.0943 0.2258 ~0.1315
8 0.10 0.2565 " 0.2581 -0, 0016
9 0.10 0.2565 0.2903 -0. 0338
10 0.20 0.3248 0.3226 0.0022
11 0.30 0.3681 - 0.3548 0. 0133
12 0.30 0.3681 0.3871 -0,0190
13 1.20 0. 5288 0.4193 0.1094
14 1.30 0.53%084 0.4516 0., 0868
1% 1.50 0.5558 0.4839 0.0719
16 1.70 0.5710 0.5161 0.0549
17 2,10 0.5968 0.5484 0. 0484
~ 18 2.20 0.6025 0.5806 0.0219
19 3.80 " 0.6701 0.6129 0. 0572
20 3.80 0.58701 0.6452 0.0250
21 4,50 0. 6914 0.6TT4 0.0140
22 4,80 0.6996 0.T097 -0, 0101
23 5.00 0.T7048 0.T419 -0.0371
24 5.60 0.7194 0. 7742 -0.,0548
26 T.20 0.7524 0.8387 -0,0863
27 8.60 D.T767 0.8710 ~0,0943
28 12.00 0.8262 0.9032 -0. 0771
29 17.00 0.8912 0,9355 =0.0443
30 22.00 0.9892 0.9677 0. 0214
- SUM OF SQUARES 0.10601 *& GAMMA = 0.89156
MAX. DEVIATION 0.1315 *k ETA = 0.28644
AVE, DEVIATION ~0.0076 *& EPSILON = 0.0

AVE, ABS. DEVIATION 0.0489 % LAMBDA = 22.16277
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JOHNSON SB DISTRIBUTION FOR MIN, 3-~DAY FLOWS AT STATION 7-177%

NUMBER MIN. FLOW CAL. PROB. 08S. PROB. DELTA PROB.,
1 0.01 0. 0568 0.0323 0.0245
2 0.01 0.0568 0.0645 -0, 0077
3 0.0l 0.0568 0.0948 =0 ,0400
L3 0.01 0.0568 0.1290 -0.0722
5 0.01 0.0568 0.1613 =0, 1045
6 0.01 0.0568 0.1935% -0.1367
7 0.01 0.0568 0.225%8 -0, 1690
8 0.30 0.2593 0.2581 0.0012
9 0.50 0.3071 0.2903 0,0168

10 0.80 0.3543 0. 3226 - 0. 0318
11 0.90 D.3666 0.3548 0.0118
12 1.70 0. 435% 0.3871 0.0484
13 3.60 0.5208 0.4193 0.101%
14 4,30 0.5414 0.4516 0.0898
15 5.40 0.5681 0. 4839 0. 0842
16 5.50 0.5703 0.5161 0.054})
17 6.30 0.5863 0.54084 0.0379
18 6 .60 0.5918 0. 5806 0.0112
19 11.40 0.65T74% 0.6129 - 0.0445
20 12.20 0.6657 0. 6452 0.0206
21 13.50 0.6T82 0.67T74 0. 0008
22 14.40 0.6862 0.7097 -0,0235
24 18.40 0.7172 0.7742 -0, 0570
25 21.860 0.7381 0.8064 =-0.0683
26 22.30 0.T624 0. 83487 -0, 0964
27 28.00 0.7737 0.8710 -0.,0973
28 37.00 0.8162 0.9032 -0.0870
29 55.00 0.8977 0.9355 ~0, 0378
30 66,00 0.9846 0.9677 0.0168
SUM OF SQUARES 0.14022 % GAMMA » 0.83905
MAX, DEVIATION 0, 1690 % ETA = 0.2750%
AVE., DEVIATION ~0,0149 *x EPSILON = 0.0

AVE, ABS. DEVIATION 0.0546 s LAMBDA = 66.54348
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JOHNSON SB DISTRIBUTION FOR MIN. T7-DAY FLOWS AT STATION 7-177%

NUMBER MIN. FLOMW CAL. PROB. 08S. PROB. DELTA PROB.
1 0.01 340205 0.0323 -0.0117
2 0.01 0.0205 0.0645 =0,0440
3 0.01 0.0205 0, 0968 -0.0762
4 0.01 0.0205 0.1290 =-0.1085
S 0.01 0.0205 0.1613 =0.,1407
6 0.01 0.0209 0., 1935 -0.1730
7 0.60 0.2069 0.2258 -0,0189
8 0.70 0.2204 0.2581 =-0.,0376
9 1.80 0.3134 0.2903 0. 0230

10 2,20 0.3352 0.3226 0.0126
11 2.40 043449 0. 3548 -0, 0100
12 4.50 0.4179 0.3871 0.0308
13 9. 00 0.5034% 0.4193 0.0840
1% 11.50 0.5345 0.4516 0. 0829
15 13.50 0.5551 0.4839 0.0712
16 14,70 0.5661 0.5161 0.0499
17 14.70 0.5661 0.5484 0.0177
18 18.40 0.5952 0.5808 0.0146
19 28,20 0.6515 0.6129 0.0386
20 30,80 0.6633 0.56452 0.0182
21 36,00 0.6844 0.6774 0.0070
23 39,70 0.6978 0.7419 =0, 0442
26 ' 48,80 0.7T265 D« TT42 ~0.0477
25 54,80 0.7431 0. 8064 =0 0634
26 57.90 0.7511 0.8387 -0.0876
27 . 6T7.90 0.7748 0.8710 -0.0961
28 98,00 0.8355 0.9032 -0.0678
29 157.00 0.9608 0.9355 0.0254
30 161 .00 0.9T764 0.9677 0.0087
SUM OF SQUARES 0.12741 &% GAMMA = 0.86115
MAX, DEVIATION 0.1730 % ETA = 0. 299046
AVE. DEVIATION -0.0185% *& EPSILON = 0.0

AVE. ABS. DEVIATION 0.0%08 *& LAMBDA = 164.76123
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JOHNSON SB DISTRIBUTION FOR MIN. 14-DAY FLOWS AT STATION 7-1775

NUMBER MIN. FLOW CAL . PROB. 0BS. PROB. DELTA PROB.
1 0.01 0.0012 0.0323 ~0.0311
2 0.01 0.0012 0. 0645 -0, 0633
3 0.01 0.0012 0,0968 -0.,0956
& 0.01 0.0012 0.1290 -0.,1278
5 0.10 0.0156 0.1613 -0,1457
6 1.80 0.1473 0.1935 ~-0.0462
7 3.20 0.2042 0,2258 =-0.0216
8 5.20 0.2613 0.2581 0.0033

10 6.90 0.2982 0.3226 =0. 0244
11 12.60 0.3841 0.3548 0.0292
12 15.30 0.4136 0.3871 0.0265
12 "20.7T0 C.45608 0.4193 0. 0415
14 27.80 0.5081 0.4516 0.0565
15 29.40 0.5171 : 0.4839 0.0333
16 29 .60 0.5182 0.5161 0, 0021
17 35,70 0.5487 0.5484 0.0003
18 43.60 0.58l4 0.5806 0.0008
19 ° 66,00 0.64913 0.6129 0. 0364
20 66. 80 0.6513 0.6452 0.0061
21 80.80 0.6823 0.6774 0. 0049
23 124,30 0.7521 0. 7419 0.0101
24 ’ 134 .40 0.7T646 0.7742 -0. 0095
25 137.30 0.7681 0.8064 -0,.,0384
26 159.50 0.7922 0.8387 ~0,0465
27 161 40 0.7941 0.8710 -0, 0769
28 264.00 0.8744 0.9032 -0.0288
29 405,00 0.9515 0.9355 0.0161
30 482 .00 0.9910 0.9677 0.0233
SUM OF SQUARES 0.07581 % GAMMA = 1.10408
MAX, DEVIATION 0.1457 *% ETA = 0.38274
AVE, DEVIATION =-0.0166 ** EPSILON = 0.0

AVE. ABS. DEVIATION 0.,03%9 *% LAMBDA = 499, 75635
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.JOHNSON SB DISTRIBUTION FOR MIN, 90-DAY FLOWS AT STATION 7-1775

NUMBER MIN. FLOW CAL. PROSB. 0as. PROB. DELTA PROB,
1 0.01 0., 0000 0.0323 =0.0323
2 0.10 0.0001 0.0645 =0 0644
3 24.80 0.0556 0.0968 ~0.0411
4 29.80 0. 0640 0.1290 ~0.0651
5 112.10 0.1550 0.1613. ~0.0063
6 116,50 0.1565 0.1935 =0.0350
T 231.70 0.2337 0. 2258 0. 0079
8 382.80 0.2937 0.2581 0.0357
9 429.40 0.3092 . 0.2903 0.0189

10 466,70 0.3207 0.3226 ~-0.0018
11 T25.60 0.3847 0.3548 0.0298
12 925,40 0.4218 0.3871 0.0347
13 934.10 0.4232 0.4193 0. 0039
14 1203,70 0.4631 0.4516 0.0115
15 1217 .40 0. 4649 0. 4839 -0.0190
16 1507.80 0.4993 0.5161 -0. 0169
17 1858.20 0.53313 0.5484 -0.0151
18 2043 .20 0.5488 0.5806 ~0.0318
19 2935.30 0.6086 0.6129 ' =0.0043
20 4130,60 0.6653 0. 6452 0.0201
21 6080,90 0.7294 0.6774 0. 0520
22 7258.70 0.7588 0.7097 0.0491
23 T482.30 0.7638 0. 7419 0.0219
24 7935.10 0.7736 0.7T42 ~0. 0006
25 8369,00 0.7825 0.8064 ~0.0240
26 11036.50 0.8291 0.8387 -0. 0096
27 11316.00 0.8334 0.8710 -0.0376
28 12768, 60 0.8542 0,9032 -0.0490
29 15034.00 0.8833 0.9355 =0.0522
30 25535,60 1.0000 0.9677 0.0323
SUM OF SQUARES 0.03245 & GAMMA = 1.05479
MAX. DEVIATION 0.0651 ** ETA = 0.38166
AVE. DEVIATION ~0,0063 ** EPSILON = 0.0

AVE. ABS. DEVIATION 0.0275 , #% | AMBDA = 25536.59766 .
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JOHNSDON SB DISTRIBUTION FOR MIN., 1-DAY FLOWS AT STATION 7-1&‘9

NUMBER NIN. FLOW CAL. PROB. 08S. PROB. "DELTA PROB.

1 30,00 0.0094 0.0313 ~0.0219
2 85,00 0.0550 0.0625 -0.0075
3 147,00 0.1161 0.0938 0.0223
& 202,00 0.1696 0.,1250 : 0. 04406
5 270.00 0.2320 0.1563 0.0757
& 280,00 0.2408 0.187% 0. 0533
7 290.00 0.2494 0.2188 0.0306
8 300.00 0.2580 0.2500 0.0080
9 326.00 0.27197 0.2813 -0. 0016
10 327.00 0.2805 0.3125 ~0.0320
11 342.00 0.2927 0.3438 -0.0511
12 3r2.00 0.3165 0.3750 =-0.,0585
13 394.00 0.3333 0.4063 -0.0730
14 436.00 O.3642 0.4375 -0. 0733
15 615.00 0.4798 0.4688 0.0110
16 688,00 0.5205 0.,5000 0.0205
17 694 .00 0.5237 0.5313 -0.0076
18 790.00 0.5723 0.5625 0.0098
19 850.00 0.6004 0.5938 0.0066
20 944,00 0.6411 0.6250 0.0161
21 1150.00 0.T186 0.6563 0.0623
22 1200,.00 0.7353 0.6875 0.0478
23 1220.,0) 0.7418 0.7188 - 00230
24 1260,00 0.7544 0.7500 0.0044%
25 1310.00 0.7696 0.7813 -0.0117
27 1500, 00 0.8217 0.8438 =-0.0221
29 1750.00 0.8784 0.9063 -0.0279
30 2100,00 0.9389 0.9375 0.0014
31 -2620.,00 0.9918 0.9688 ‘0. 0230
SUM OF SQUARES 0.04216 ¥ GAMMA = 0. 88846
MAX. DEVIATION 0.0757 % ETA = 0.70837
AVE. DEVIATION 0.0004 *% EPSILON = 0.0

AVE. ABS, DEVIATION 0.0293 *% LAMBOA = 293044431
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JOHNSON SB DISTRIBUTION FOR MIN. 3-DAY FLOWS AT STATION 7~1645

NUMBER MIN. FLOW CAL. PROB. 08S. PRDB. DELTA PRODB.

1 92.00 0. 0065 0.0312 =0.0248
2 263.00 0.04b66 0.0625 ~0.0159
3 447,00 0.1026 0.0938 0.0088
& 692,00 0.1783 0.1250 0.0533
5 852.00 0.2252 0.1563 0, 0689
6 880. 00 0.2331 0.1875 0.0456
7 a80 .00 0.2331 0.2188 0.0143
8 920,00 0.2443 0.2500 -0.0057
9 989.00 0.2632 0.2813 -0,0181
10 1116.00 0.2966 0.3125 =-0.0159
11 1193.00 0.3160 0.3438 -0,0278
12 1218.00 0.3222 " 03750 =-0.,0528
13 1307.00 0.3436 0.4063 -0. 0627
14 1494, 00 0.3861 0.4375 -0.0514
15 2116,00 0.5060 0. 4588 0. 0372
16 2134 ,00 0.5091 0.5000 0.0091
17 2170,00 0.5151 0.5313 -0,01562
18 2403 .00 0.5522 0.5625 ~-0.0103
19 2638,00 0.5865 0.5938 . =0.0073
20 3540.00 0.6945 0.6250 0.0695
21 3550 .00 0.6956 0.6563 0.0393
22 3640,00 0.7046 0.6875 0.0171
23 3880.00 0. 7215 0.7188 0.0087
24 4070.00 0.7445 0.7500 -0.0055
25 4770, 00 0.7990 0. 7813 0.0177
26 4820.00 0.8025 0.8125% -0.0100
27 5320.00 0.8345 0.8438 =0.0093
28 5400.00 0. 8392 0.8750 -0.0358
29 5790.00 0.8606 0.9063 . =0. 0457
30 8600.00 0.9597 0.9375 0.0222
3 8880,00 0.9656 0.9688 -0.0032
SUM OF SQUARES 0.03463 ¥ GAMMA = 1.26156
MAX. DEVIATION 0.0695 *¢ ETA = 0. 75587
AVE, DEVIATION -0.0002 *% EPSILON = 6.0

AVE. ABS. DEVIATIDN 0.0268 *% LAMBDA = 13123.80469
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JOHNSON 58 DISTRIBUTION FOR MIN. T-DAY FLOWS AT STATION 7-1645

NUMBER MEN. FLOW CAL. PROB. 08S. PROB. DELTA PROB.
1 240.00 0.0074 0.0313 ~0,0239
2 624.00 0.0412 0. 0625 -0.0213
3 1071.00 0.0910 0.0938 -0.0028
4 1996.00 0.1949 0.1250 - 0.0699
5 21560.00 0.2123 0.1563 0. 0560
6 2209.00 0.2175 0.1875 0.0300
7 2209.00 0.2175 0.2188 ~0.0013
8 2210,00 0.2176 0.2500 -0.0324
9 2361.00 0.2331 0.2813 -0,0482

10 2698.00 0.2667 0.3125 -0, 0458
11 3070.00 0.3019 0.3438 -0,0419
12 3731.00 0.3598 0.3750 -0.0152
13 4250.00 0.401% 0. 4063 -0. 0049
14 5047 .00 0.4596 0.4375 0.0221
1% 5306.00 0.4772 0.4688 0.0084&
16 5973.00 0.5197 0.5000 0.0197
17 6377.00 0.5437 0.5313 0.0124
18 6458.00 0.5483 0.5625 ~0,0142
19 1354.00 0.5968 0.5938 " 0.0030
20 8850. 00 0.66T1 0.6250 0.0421
21 9180.00 0.6810 0,6563 0. 0247
22 9240.00 0.6835 0.6875 -0.0040
23 9840.00 0.7074 0.7188 -0.0114
24 11750.00 0.7739 0. 7500 0.0239
25 11890.00 0.T7782 0.7813 -0.0031
26 12430.00 0.7945 0.8125 -0.0180
27 13220.00 0.8167 0.8438 -0.0271
28 13830.00 0.8327 0.8750 =0.0423
29 16360.00 0.8892 0. 9063 =0.0171
30 22310.00 0.9732 0.9375 0.0357
31 23000.00 0.9792 0.9688 0.0104
SUM OF SQUARES 0.02637 Bk GAMMA = 1.01037
MAX ., DEVIATION 0.0699 *% ETA = 0. 72258
AVE. DEVIATION -0.0005 **% EPSILON = 0.0

AVE., ABS. DEVIATION 0.0236 ** LAMBDA = 28557.96875
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JOHNSON SB DISTRIBUTION FOR MIN. 14~DAY FLOWS AT STATION T7-1645

NUMBER MIN. FLOW CAL. PROB. 08S. PROB. DELTA PROB.
1 653.00 0.0163 0.0313 -0.0150
2 1350.00 0.0687 0.0625 -0.0138
3 2440.00 0.1039 0.,0938 0.0101
4 4323.00 0.1939 0.1250 - 0.0689
5 4400.00 0.1974 0.1563 0.0411
6 4501 .00 0.2019 0,1875 0.0144
7 4700.00 0.2106 0.2188 -0.0082
8 4730.00 0.2119 0.2500 -0.0381
9 5474 .00 0.2437 0.2813 -0.037T6

10 6899, 00 0.3001 0.3125 -0.0124
11 7058.00 0.3060 0.3438 -0. 0378
12 ' 7683.00 0.3289 0.3750 -0.0461
13 9982.00 0.4058 0.4063 -0.0005
14 10500.00 0.4217 0.4375 -0.0158
15 11933.00 0.4635 0.4688 ~0.0053
16 13217.00 0.4984 0. 5000 -0.0016
17 15498.00 0.5552 0.5313 0.0239
18 18800. 00 0.6278 0.,5625 0.05653 °
19 19850.00 0.6489 0.5938 0. 0551
20 19954.00 0.6510 0.6250 0.0260
21 22210.00 0.6933 0.6563 0.0370
22 . 22530,00 0.6990 0.6875 0.0115
23 25000.00 0.7410 0.7188 0.0222
24 25860.,00 0. 7548 0.7500 0.0048
25 27060.00 D.,7T733 0.7813 -0. 0080
26 27190.00 0.7753 0.8125 ~0.0372
27 27960.00 0.7867 0.8438 -0. 0571
28 28710.00 0.7976 0.8750 -0.0774
29 34820.00 0. 8767 0.9063 -0.0296
30 487T0.00 . 0.9940 0.937% Q0. 0565
31 51700.00 1.0000 0,9668 0.0312
SUM OF SQUARES 0.04038 ** GAMMA = 0.68905
MAX. DEVIATION 0.0774 % ETA = 0.64851
AVE. DEVIATION 0.0008 ** EPSILON = 0.0

AVE., ABS. DEVIATION 0.0293 ** LAMBDA = 51701.00000
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JOHNSON SB DISTRIBUTION FOR MIN. 30-DAY FLOWS AT STATION 7-1645

NUMBER

I ot ot puf s boh et e P s e
QOVE~NOCOAPWNESI LTRSS WN -

N
-

NMNNNNN
~ AP WN

N
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29

W W
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MIN., FLOW

1834.00

3210.00

6151.00
10266.00
"11229.00
11284.00
12595.00
120865.00
13576,00
15873.00
17236.00
19896.00
25484.00
28440.00
29939.00
36667.00
42070,00
47100.00
47848, 00
56880.00
$7980.00
59550.00
60710.00
6245%0,00
64360.00
66290,00
72870, 00
80220.00
105390.00
111790.00
149190.00

SUM OF SQUARES

MA X,

DEVIATION

AVE, DEVIATION

AVE. ABS. DEVIATION

CAL. PROB.

0.0177
0.0424
0.1009
0.1799
0.1972
0.1982
0.2211
0.2257
0,2377
0.2749
0.2959
0.3346
0.4080
0.4429
0.4598
0.5290
0.5782
0.6196
0.6255
0.6905
0.6978
0. 7080
0.7153
0. 7261
0.7376
0.7489
0.7850
0.8214
0.9200
0.9394
1.0000

0.04116

0.0655
. ~0+0007
0.0305%

08S. PROB.

0.0313
0,0625
0. 0938
0.1250
0.1563
0.1875
0.2188
0.2500
0.2813
0.3125
0.3438
0.3750
0.4063
0.4375
0.4688
0.5000
0.5313
0.5625
0.5938
0.6250
0.6563
0.6875
0.7188
0.7500
0.7813
0.8125
0.8438
0.8750
0.9063
0.9375
0.9688

X8 GAMMA =

*% ETA =

¢ EPSILON =
*¥ LAMBDA =

DELTA PROBD .

~0.0136
-0.0201
0.007
0. 0549
0.040%
0.0107
0.0023
-0.0243
-0.0‘36
-~0.0376
-0,0479
-0-0‘0‘
0.0017
0. 0054
-0.0090
0.0290
0. 0469
0.0571
0.0317
0. 0655
0.0415
0.0205
-0. 0035
-0.0239
-000‘37
-000636
-0.0588
-°¢0536
0.0137
0.0019
0.0312

0. 81994
0.66632
0.0

149191.00000



JOHNSON SB DISTRIBUTION FOR MIN.

NUMBER

Vo=~ Wmpywhm

MIN. FLOW

$593.00
8986 .00
15685.00
26962.00
28140,00
31910.00
37301.00
39817.00
42319.00
45610.00
48002. 00
51414.00
57286.00
68012.00
69021.00
103918.00
124057.00
134120.00
136730.00
141910.00
142100.00
149754.00
151420.00
154920.00
177120.00
207900.00
207910.00
218970.00
241390.00
294520.00
418200.00

SUM OF SQUARES

MAX .
AVE.
AVE.

OEVIATION
DEVIATION
DEVIATION

CAL. PROB.

0.0170
0.0396
0.0899
0.1733
0.1815
0.2073
0.2425
0.2583
0.2735
0.2930
0.3067
0.3257
0.3570
0.4096
0.4143
0.5533
0.56178
0.6466
0.6538
0.66717
0.6682
0.6878
0.6919
0.7005%
a. 7506
o.8100
0.8100
0.8288
0.8636
0.9297
1.0000

0.04838

0.0865
-0.0010

0.0330

¢].}

S« PROB.

0.0313
0.0625
0.0938
0.1250
0.1563
0.1875
0.2188
0.2500
0.2812
0.3125
0.3438
0.3750
0.4063
0.4375
0.4688
0.5000
0.5313
0.5625

- 0.5938

x¥
"E
2
x¥

0.6250
0.6563
0.6875
0.7188
0.7500
0.7813
0.8125
0.8438
0.8750
0.9063
0.9375
0. 9688

GAMMA =
ETA =

EPSILON =

LAMBDA =

87

60-DAY FLOWS AT STATION 7-1645

DELTA PROB.

-0, 0229
0. 0483
0.02%52
0.0198
0. 0237
0.0083

-0.0078

-0.,0371

=-0.0493

-0.0279
0.0533
0.0865
0. 0841
0.0600
0.0427
0.0119
0.0003

=0, 0269

=-0.0495

=-0.0307

-0.0338

-0.0462

-0. 0427

-0,0078
0.0312

0.88796

0. 67673
751.85596
417449.12500
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JOHNSON SB DISTRIBUTION FOR MIN. 90-DAY FLOWS AT STATION 7-1645

NUMBER

-
[l = I TN, U I ATOR e

Pt gt ot G g put et s
W@ g &P wN

MIN., FLOW

12427.00
16007,00
24598,00
49495, 00
51318.00
61844,.00
63046,00
67259.00
T4883.00
88535,00
112252.00
120559, 00
133623.,00
155117.00
160678, 00
174297.00
201910.00
208360,00
220550,00
228580.00
233200.,00
261520.00
288520.00
288780.00
328920.00
377600.00
380890,00
386440400
388510.00
508610.00
606430, 00

SUM OF SQUARES

MAX o
AVE.

DEVIAT ION
DEVIATION

AVE. ABS, DEVIATION

CAL. PROB. 08S. PROB.
0.0226 0.0313
0.0338 0.0625
0.0635 0.0938
0.1531 0.1250
0.1595 0.1563
0.1957 0.1875
0. 1997 0.2188
0.2137 0.2500
0.2385 0.2813
0, 2809 0.3125
0.349]1 0.3438
0.3715 0.3750
0.4052 0. 4063
0.4573 0.4375
0.4701 0. 4688
0.5004 0.5000
0.5578 0.5313
0.5704 0.5625
0.5937 0.5938
0, 6085 0.6250
0.6169 0.6563
0.6658 0.6875
0.7089 0.7188
0.7093 0.7500
0.7676 0.7813
0.8302 0.8125
0.83%42 0.8438
0.8407 0.8750
0.8431 0.9063
0.9584 0.9375
1.0000 0.9688
0.01962 3 GAMMA =
0.0632 ** ETA =

-0.0091 *%* EPSILON =

0.0201

** LAMBDA =

DELTA PROB.

-0.0087
-0.0303
0.0281
0. 0032
0.0082
-0.0191
-0.0363
-0.0428
-0,0316
0. 0053
—0.0035
-0, 0011
0.0198
0.0013
0, 0004
0.0265
0.0079
-0 0001
—-0.0165
-0.0217
~-0.0099
-0, 0407
-0.0137
0.0177
—-0.0343
-0. 0632
0. 0209
0.0312

0.61588
Q. 67TL T
0.0

606431.00000



89

JOHNSON SB DISTRIBUTION FOR MIN. 1-DAY FLOWS AT STATION 7-1945

NUMBER MIN. FLOW CAL. PROB. 08S. PROB. DELTA PROB.
1 16.00 0.0065 0.0286 -0.0220
2 200.00 0,0390 0.05T -0.0181
3 255 .00 0.0572 0.0857 -0. 0285
4 500.00 0.,1457 O.1143 0.0314
5 566.00 0.1696 0.1429 0.0267
-] 585.00 0.1764 0.1714 0. 0050
7 638.00 0.1954 0.2000 -0.0046
8 650.00 0.1996 0.2286 -0.0290
9 678.00 0.2095 0.2571 -0.0477
10 910. 00 0.28719 0.2857 0.0021

12 1040.00 0.3291 0.3429 -0.0138
13 1040,00 0.3291 0.3714 «0.0423
14 1110.00 0.3505 0.4000 -0. 0495
15 1470. 00 0.4524 0.4286 0.0238
16 1680.00 0.5059 0.4571 0. 0488
17 1810.00 0.5371 0.4857 0.0514
18 1850. 00 0.5465 0.5143 0.0322
19 1890.00 0.5557 0.5429 0.0128
20 1960.00 0.571% 0.5714 0.0000
21 2190.00 0.46208 0.6000 0.0208
22 2240.00 0.6310 0.6286 0.0024
24 2530.00 0.6871 0. 6857 0.0014
25 2640.00 0.7070 0.7143 -0,0073
26 2790. 00 0.7330 0.7429 -0.0098
27 3020.00 0.7705 0. 7714 -0. 0009
28 3090.00 0.7813 0.8000 -0.0187
- 29 3380.00 0.B8238 0.8286 -0.0049
30 3490.00 0.8386 0.8571 -0. 0185
31 3510.00 0.8412 0.8857 -0.0445
32 3650.00 0.8593 0.9143 : -0. 0550
33 5100.00 0.9880 0.9429 0. 0452
34 5650. 00 1.0000 0.9714 0.0286
SUM OF SQUARES 0.02692 *® GAMMA = 0.64003
MAX. DEVIATION 0.0550 ** ETA = 0.72690
AVE. DEVIATION -0,0027 *%x EPSILON = 0.0

AVE. ABS, DEVIATION 0.0223 & LAMBOA = 5650.29297
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JOHNSON SB OISTRIBUTION FOR MIN, 3-DAY FLOWS AT STATION T7-1945

NUMBER MIN., FLOW CAL. PROSB, .085. PROB. DELTA PROB.
1 276 .00 0.0089 0.0286 ~0.0197
2 605.00 0.03463 0.0571 ~0.0208
3 1020.00 0.0799 0.0857 -0.0058
% 1500.00 0.1332 D.1143 0.0189
5 1956. 00 0.1831 0.1429 0.0402
6 2045,00 0.1926 0.1714 0.0211
T 2054 .00 0.1935 0.2000 -0.0065
8 2177.00 0.2065 0.2286 -0.0220
9 2366 .00 0.2262 0.2571 -0,0310
10 2980. 00 0.2871 0.2857 0.0014

11 3049.,00 0.2937 0.3143 ~0.0206
13 3430. 00 0.3290 0.3714 “0.042%
14 4040.00 0.3823 0.4000 -0.0177
15 4630.00 0.4301 0.4286 0.0015
16 $400.00 0,4876 0.4571 0.0305
17 5790 .00 0.5149 0. %857 0, 0292
18 6050.00 0.5324 0.5143 0.0181
19 6750.00 0.57T1 0.5429 0.0343
20 1250.00 0.6071 0.5714 0. 0356
21 7650.00 0.6299 0.6000 0.0299
22 T780.00 0.6371 0.6286 0.0085
23 8050.00 0.6518 0.6571 -0.0054
24 9060, 00 0.7032 0.56857 0.0175
25 9200.00 0.7100 0.7143 =0. 0043
26 10300.00 0.7597 0.7429 0.0168
27 10530.00 0.7694 0.7714 -0.0021
28 11340,00 0.8019 0.8000 0.0019
29 11390.00 0.8038 0.8286 ~0,0248
30 11440,00 0.8057 0.8571 ~0.0514
31 11880.00 0.B221 0.8857 ~0.0636
32 14170.00 0.8962 0.9143 -0.0181
33 18450.,00 0.9852 0.9429 : 0. 0423
34 20900.9Q0 1.0000 0.9714 0.0286
S5UM OF SQUARES 0.02551 *%x GAMMA = 0.72585
MAX. DEVIATION 0.0636 *x ETA = C.71770
AVE. NEVIATION -0.0007 *% EPSILON = 0.0

‘AVE. ABS. DEVIATION 0.0228 % LAMBDA = 20901.00000
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JOHNSON SB DISTRIBUTION FOR MIN. 7-DAY FLOWS AT STATION 7T-1945

NUMBER MIN. FLOW CAL. PROB. a8s. PROB. DELTA PROB.
1 843,00 0.0149 0.0286 -0.0137
2 1445.00 0.0365 0.0571 ~0.0206
3 2460.00 0,0791 0. 0857 -0.0066
4 3500.00 0.1244 O.1143 0.0101
5 4823.00 0.1804 0.1429 0.0375
] 4958.00 0.1859 0.17t4 0.0145
T 5213.00 0.1963 0.2000 =-0.0037
8 6272.00 0.2380 0.2286 0.0094
S 7190.00 0.2723 0.2571 0.0151

10 T400.00 0.2799 0.2857 -0.0058
11 1506. 00 0.2837 0.3143 -0.0306
12 7799 .00 04,2942 0. 3429 ~0.0487
13 8830.00 0.3296 0.3714 =0.0418
14 10800.,00 0.3923 0. 4000 ~0.0077
15 12870.00 0.4517 0.4286 0.0232
16 13970.00 0.4810 0.4571 0.0239
17 14120.00 0.4849 0.4857 ~0. 0008
18 15910.00 0.5292 0.5143 0.0149
19 17930.00 0.5752 0.5429 c.0323
20 19350.00 0.6052 0.5714 0.0338
. 2% 19500.00 0.6083 0.56000 0.0083
22 19740,00 0.6132 0.6286 ~0.0154
23 20940.00 0.6369 0.6571 -0,0203
24 23410.00 0.6B23 0.6857 -0.0034
25 25220.00 0.7130 0.7143 -0.0013
26 27660.00 0.7512 0.7429 0. 0084
21 28170, 00 0.7588 0.7714 -0.0126
28 32240.00 0.8145 0.8000 0.0145
29 33520.00 0.8304 0.8286 0.04018
30 34030, 00 0.8365 0.8571 ~0.0206
31 35740.00 0.8562 0.8857 -0. 0295
32 39130.00 0.8918 0.9143 -0.0225
33 50120.00 0.9756 0.9429 0.0327
34 56750.00 0.9988 0.9714 0.0273
SUM DF SQUARES 0.01616 *x GAMMA = 0. 76350
MAX. DEVIATIDN 0.0487 *% ETA = 0.69388
AVE. DEVIATION 0.0001 *¢ EPSILON = 0.0

AVE. ABS. DEVIATION 0.0180 %% LAMBDA = 589131. 39063
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JOHNSON SB DISTRIBUTION FOR MIN, 14-DAY FLOWS AT STATION 7-1945

NUMBER

O~ O PN

MIN. FLOW

2060.00
3284.00
5115.00
T460.00
10837.00
10857. 00
10953.00
14552 .00
14990, 00
15810.00
15909.00
15910.00
19940.00
29360. 00
29430.00
31720.00
35120. 00
37340.00
40880.,00
42890. 00
42970 .00
4T670.00
50050.00
52430.00
53000. 00
62720.00
63290.00
65580, 00
70%50.00
76930.00
83610.00
111870.00
125310.00
152230.00

SUM OF SQUARES

MAX .

AVE.

DEVIATION
DEVIATION
AVE. ABS, DEVIAYION

CAL. PROB.

0.0167
0.0366
0.070%9
0.1169
0.1815
0.1819
0.1837
0.2476
0.2550
0.2687
0.2703
0.2703
0.3333
0.4584
0.4592
0.4856
0.5225
0.5451
0.57191
0.5973
0.5980
0.6379
C.6568
0.6748
0.6790
0.7444
0.7479
0.7617
0.7918
0.8223
0.8529
0.9485
0.9771
1.0000

0.03169

0.07125
-0.0008

0.0258

o8

%
*k
*%
e

S. PROB.

0.0286
0.0571
0.0857
0.1429
0.171¢4
0. 2000
0.2286
0.2571
0. 2857
0.3143
0.3429
0.3714
0.4000
0.4286
0.4571
0.4857
0.5143
0.5429
0.5714
0.6000
0.6286
0.6571
0.56857
D.7T143
0.7429
C.TTl4
0. 8000
C.8286
0.8571
0. 8857
0.9143
0.9429
0.9714

GAMMA =
ETA =

EPSILON =

LAMBDA =

DELTA PROB.

-0.0119
=0, 0205
-0.0148
0.0026
0.0387
c.0105
-0. 0163
0.0191
-0,0021
-0.0170
=0.0440
~0.,0725
-0, 0381
0.0584
0. 0306
0.0285
0.0367
0. 0308
0.0362
0.0259
-0.0020
0.0093
-0.,0353
0. 0016
-0.0235
-0.,0383
=0, 0368
-0.0349
-0,0328
0. 0342
0.0343
0.0286

0.90892
0. 70794
0.0

152231.00000
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"JOHNSON SB DISTRIBUTION FOR MIN. 30-DAY FLOWS AT STATION 7-1945

NUMBER

R e el s
OV DAL WN™O 00PN

NoNMNNNN
-~ om PN

wmnN N
o0

w W
N

MIN. FLOW

6969,00

8276.00
14015.00
17917.00
25831,00
29514,00
30373.00
32780.00
35331.00
35842.00

37030,00

38629.00
47380,00
76890.00
77180.00
79080.00
87150.00
93840,00
96580,00
126930.00
129070.00
1315a80,00
137430,00
139700.00
139830,00
143380.00
148200.00
157710.00
169580.00
174510.00
261040.00
262280,.00
367930.00
415410.00

SUM OF SQUARES

MAX .
AVE,.

DEVIAT ION
DEVIATION
AVE. ABS. DEVIATION

CAL. PROB.

0.0307
0. 0402
0.0852
0.1165
0.1778
0.2050
0. 2111
0.2281
0.2457
0.2492
0.2571
0.2677
0.3224
04741
0.4753
0.4837
0.5174
G.5437
0.5540
0.6540
0.6602
0.6673
0.6834
0.6895
0.6898
0.6991
0.7114
0.7344
0.7610
0.7T15
0.9090
0.9105
0.9917
1. 0000

0.06463
- 0.,0857

0.0005

0.0357

-

08S. PROB.

0.0286
0.0571
0.0857
O.1143
0. 1429
0.17t4
0.2000
0.2286
0.2571
0,2 857
0.3143
0.3429
0.3714
0.4000
G.4286
0.4571
0.4857
0.5143
0.5429
0.57T14
0. 6000
0.6286
0.65T1
0. 6857
0.7143
0.7429
C.TT14%
0.8000
0.8286
0.8571
0.8857
0.9143
0.9429
0.9714%

5 GAMMA =

*% ETA =

*% EPSILON =
_#% LAMBOA = 415411.00000

DELTA PROB.

0.0022
~0.0169
-0, 0005

0.0022

0. 0350

0,0335

0.0111
=0. 0004
-0.0114
~0.0365
-0.0571
-0,01751

0.0741}

0.0468

0.0265

0.0317

0.0294

0.0111

0.0825

0. 0602

0.0387

0.,0263

0. 0038
-0.0244
=0.0437
-0, 0600
-0.0656
~0.0676
-0. 0857

0.0233
-0, 0038

0.0489

0.0286

0.96851
0. 69731
0.0



94

JOHNSON SB DISTRIBUTION FOR MIN, 60-DAY FLONWS AT STATION T-1945

ey e,

NUMBER MIN. FLOW CAL. PROB. 0as. PROB. DELTA PROB.
1 171379.00 0.0291 0.0286 0.0005
2 24204.00 0. 0489 0.0571 -0,0082
3 37733.00 0.0915% 0.0857 0. 0058
4 38725.00 0.096 0.1143 - =0.,0197
S 66089.00 0. 1798 0.1429 0.0370
-] T5640.00 0.2078 0.1714 0.0364
7 75868. 00 0.2085% 0.2000 0.0085
8 83351.00 0.2296 0. 2286 0.0011
9 85342.00 0.2351 0.2571 -0.0220

10 90820.00 0.2501 0.2857 -0.0356
11 91110.00 0.2508 0.3143 —0.0634&
12 101440.00 0.2780 0.3429 =0.0649
13 170140.00 0. 4307 0.3714 0.05%93
14 172620.00 0.4355 0.4000 0. 0355
15 . 194541.00 0.4753 0.4286 0.0468
16 202240.00 0.4886 0.4571 0.0314
17 212460.00 0.5055 0.4857 0.0198
18 217430.00 0.5135 0.5143 -0,0008
19 2175%%0.00 0.5137 0.5429 -0, 0291
20 291020.00 0.6171 0.5714 0.0457
21 303380.00 0.6321 0.6000 0.0321
22 308910.00 0.6387 0.6286 0.0101
23 341810.00 0.6752 0.65T1 o.0181
24 343930.00 0.6775 0.6857 -0.0083
25 360260.00 0.6942 0.7143 =-0,0201
26 3656000. 00 0.6999 0.7429 -0.0430
27 374240.00 0.7078 0. TT14 =0, 0636
28 402530.00 0.7339 0.8000 -0.0661
29 535280, 00 0.8319 0.828¢6 0.0033
30 581470.00 0.8586 0.85T1 0,0015
31 633030,00 0.8849 0.8857 -0.0009
32 754560.00 0.9340 0.9143 0,0198
33 822730.00 0.,9%550 0.9429 0.0121
34 1169300, 00 1.0000 " 0.9T714 0.0286
SUM DOF SQUARES 0.03808 %k GAMMA = 1.08188
MAX. DEVIATION 0.0661 *% ETA = 0.70972
AVE. DEVIATION 0.0002 ** EPSILON = 0.0

AVE. ABS. DEVIATION 0.0264 ** LAMBDA = 1169301.00000
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JOHNSON SB DISTRIBUTION FOR MIN. 90-DAY FLOWS AT STATION 7-1945

NUMBER MIN. FLDW CAL. PROB. 0BS. PROB. DELTA PROB.
1 36425 .00 0.0344 0.0286 0. 0058
2 564024,00 0. 0652 0.0571 0.0081
3 59913,00 8.07157 0.0857 -0.0100
4 111559,00 0D.1638 0.1143 0. 0495
5 120878, 00 0.17a5 0.1429 0.0357
-] 128605,00 - 04,1905 0.1714 0.0190
T 132510.00 0.1964 0.2000 -0.0036
8 141192.00 0.2094 0.2286 -0.0192
9 149230.00 0.2212 0.2571 -0. 0360

11 162670.00 0.2403 0.3143 -0.,0740
12 265740.00 0.3665 0.3429 0.0236
13 299780. 00 0.4018 0.3714 0.0303
14 329800.00 0.4308 0.4000 0.0308
15 371390.00 0.4682 0.4286 0. 0396
16 380670.00 0.4761 0.4571 0.0189
17 395390.00 0.4884% 0.4857 0, 0027
18 451421.00 0.5322 0.5143 0.0180
19 464560.00 0.5419 0.5429 -0,0009
20 482670.,00 0.5549 0.5714 -0, 0165
21 496740.00 0.5647 0.6000 -0.0353
22 595450.00 0.62718 0.6286 -0. 0008
23 615680.00 0.6396 0.6571 -0.0176
24 680130.,00 0.6750 0.6857 -0.0108
25 684220.00 0.6771 0.7143 ~0,0372
26 877090.00 0.7663 0.7429 0.0234
27 936940.,00 0.789%9 0.T7i4% 0.0185
28 969290 .00 0.8020 0.8000 0., 0020
29 1010460. 00 0.8168 0.8286 0.0117
30 1181510.00 0.8715 0.8571 0.0144
31 1275460.00 0.8974 0.B857 0.0117
32 1309740, 00 0.9061 0.9143 -0.0081
33 1352030.00 0.9165 0.9429 -0. 0264
24 1741100.00 0.9869 0.9714 0.0154
SUM DOF SQUARES 0.02462 ¥k GAMMA = 0. 86016
MAX. DEVIATION 0.0T40 & ETA = 0.64153
AVE. DEVIATION 0.0002 *% EPSILON = 7095.14063

AVE. ABS. DEVIATION 0.0214 *& LAMBDA = 19413564.00000
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GUMBEL DISTRIBUTION FOR MIN. 1-DAY FLOWS AT STATION 7-1775

NUMBER MIN, FLOW CAL. PROB. 0BS. PROB. DELTA PROB.

1 0.01 0.1007 0.0323 0.0685
2 0,01 0.1007 0.0645 0. 0362
3 0.01 0.1007 0.0968 0.0040
4 0.01 0.1007 0.129%90 -0, 0283
5 0.01 0.1007 0.1613 -0.0606
L] 0,01 0.1007 0.1935 -0.0928
7 0.01 0,.1007 0.2258 ~0. 1251
8 0.10 0.2347 0.2581 -0.0233
9 0.10 0.2367 0.2903 -3.0556
10 0.20 0.2976 0.3226 - 0. 0249
11 0.30 0.3401 0.3548 ~0.0147
13 1.20 0.5158 0.4193 0. 0964
14 1.30 0.5271 0.4518 0.0755
15 1.50 0.5476 0. 4839 0. 0637
16 1.70 0.565T7 0.5161 0.0495
17 2.10 0.5966 0.5484 0.0482
18 220 0.6034% 0.5806 0.0228
19 3,80 0.6839 0.6129 0.0710
20 3.80 0.6839 0. 6452 0.0387
21 4450 0.7084 0.67T74 0.0310
22 4. 80 0.7LT7 a,7097 0.0080
23 5,00 0.7236 Ce. 7419 -0.0184
2% 5.60 0.7396 - Q.T7742 -0.0346
25 7.20 0.7T43 D.8064 ~0,0322
26 T.20 0.7T43 0.8387 -0, 0645
27 8.560 0.7978 ¢.8710 -0.0732
- 28 12.00 0.8391 0.9032 -0.,0641
29 17.00 0.8777 0.9355 ~0. 0578
30 22.00 0.9027 0.9677 ~0.0650
SUM OF SQUARES 0.09709 ** SIGMA = 2.67T279
MAX . DEVIATION 0.1251 s ETA = 0.40131
AVE. DEVIATION -0.0090 *% EPSJILON = 0.0

AVE. ABS. DEVIATION 0.0498
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GUMBEL DOISTRIBUTION FOR MIN. 3~0AY FLOWS AT STATfON 7-1775

NUMBER MIN. FLOW CAL. PROB. 0B8S. PROB. DELTA PROB.
1 0.01 0.0646 0.0323 0.0323
2 0.01 0.0646 0.0645 0.0000
3 0.01 0.06&6 0.0968 -0.0322
4 G.01 0.0646 0.1290 -0.0645
5 0. 01 0.0646 0.1613 -0.0967
T 0.0! 0.0646 0.2258 -0.1612
8 0.30 0.2296 0.2581 -0.0284
9 0.50 0.2740 0.2903 -0.,0163

10 0.80 0.3206 0.3226 -0.,0020
11 0.90 0.3332 0.3548 —-0. 0216
12 1.70 0.4072 0.3871 0. 0201
13 3,60 0.5066 0.4193 0.0872
14 430 0.5316 0.4516 0. 0800
15 5.40 0.5644 0.4839 0.0805
16 5.50 0.5671 0.5161 0.0509
17 6.30 0.5869 : 0.,548¢4 0., 0385
18 6,60 0.5937 0.5806 0.0130
19 11.40 0.6741 0.6129 0.0612
20 - 12.20 0.6840 0.6452 0.0389
21 13.50 0.6988 0.6TT4 0.0213
22 14,40 0.7081 0. 7097 -0.0016
23 15.80 0.7214 0.7419 -0.0205
24 18.40 0. T429 0. 7742 -0,0313
25 21.60 0.7651 0. 8064 -0.0414%
26 22.30 0.76%94 0.8387 -0.0693
27 28.00 0.7996 0.8710 -0.0714
28 37.00 0.8343 0.9032 -0, 0690
29 55.00 0.8784 0.9355 -0.05T1
el 66 .00 0.8963 0.9677 -0.0714
SUM DOF SQUARES 0.11676 <% STGMA = B.56882
MAX. DEVIATION d.1612 ** ETA = 0. 40082
AVE. DEVIATION -~0.0154% #% EPSILON = 0.0

AVE. ABS. DEVIATION 0.0503
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GUMBEL DISTRIBUTION FOR MIN. 7-DAY FLOWS AT STATION 7-1775

NUMBER MIN. FLOW CAL. PROS.: 085. PROB. DELTA PROB.
1 0.0l 0. 0383 0.0323 0.0060
2 0.01 0.,0383 0.064% -0.0263
3 0.0l 0.0383 0.0968 -0.,0585
4 0.01 0.0383 0.1290 -0.0908
5 0.01 0.0383 0.1613 -0.1230
] 0.01 0.0383 0.1935 ~0.1553
8 0.70 0.2075 0.25%81 -0.0505
9 1.80 0.2924 0.2903 0.0021

10 2.20 0.3137 0.3226 ~0.0089
12 4.50 0. 3986 0.3871 0.0115
13 9.00 0.4936 0.4193 0. 0742
14 11.50 0.5296 0.45156 0.0780
15 ' 13.50 0.5537 0,4839 0.0698
16 14.70 0.5666 0.5161 0.0505
17 14.70 0.5666 C.5484 0.0182
18 18.40 0.6010 0.5806 0.0204
19 28.20 0.65670 D.6129 0.0541
20 30.80 0.68B05 0.6452 0.0353
21 36.00 0.7043 0.6T74 0. 0269
22 39.70 0.7190 0.7097 0.0093
23 39,70 0.7190 0. 7419 -0.0229
24 44,80 0.7495 0.7742 —0. 0246
25 54.80 0.7663 0.806% -0.0402
27 67.90 0.7962 0.8710 ~0.0748
28 98. 00 0.8437 0.9032 ~-0.0596
29 157.00 0.8959 0.9355 ~0. 0396
30 161.00 0.8984 0.9677 -0.069%
SUM OF SQUARES 0.10349 - %% SIGMA = 22,50313
MAX. DEVIATION 0.1553 ** ETA = 0.42026
AVE, DEVIATYION ~0.0171 **x EPSILON = 0.0

AVE. AB8S. DEVIATION 0.0476
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GUMBEL DISTRIBUTION FOR MIN. 14~DAY FLOWS AT STATION 7-1775

NUMBER MIN., FLOW CAL. PROB., 0B85. PROB. DELTA PROB.

1 0.01 0.0146 0.0323 -0. 0177
3 0.01 0.0146 0.0968 -0.0822
4 6.0l 0.0146 0.1290 -0.1144
5 0.10 0.0441 0.1613 -0.1172
6 1,80 0. 1680 0.1935% -0.0255
7 3,20 0.2160 0.2258 ~0, 0098
8 5,20 0.2652 0.2581 0.0072
10 6 .90 0.2979 0.3226 ~0. 0247
11 12.60 0.3775 . 0.3548 0.0226
12 15.30 0.4060 0.3871 0. 0189
13 20.70 0.4531 0.4193 0.0337
14 ' 27.80 0.5017 0.4516 0.0501
15 29 .40 0.5112 0. 4839 0, 0273
16 29.60 0.5123 0.5161 ~0.0038
17 35,70 0.5446 0.5484 -0.0038
18 43,60 0.5798 0.5806 -0, 0009
19 66.00 0.6538 0.6129 0.0409
20 656.80 0.6559 0.6452 0.0108
21 80.80 0.6897 0.6774 0.0123
22 89,70 0.7081 0.7097 -0.0016
.23 124.30 0.7638 . 0.7419 0.0219
24 134.40 0.7766 0.7742 0.0025
25 137.30 0.7801 0. 8064 -0.0263
.26 159,50 0.8039 0.8387 -0.0348
27 161.40 0.8058 0.8710 -0.0652
28 264.00 0.B8753 0.9032 ~0.0279
29 405,00 0.9230 0.9355 -0.0125
30 482.00 0.9386 0.9677 : -0.0292
SUM OF SQUARES 0.05381 =* SIGMA = 58.4T423
MAX . DEVIATION 0.1172 ** ETA = 0.48641
AVE. DEVIATION -(1,0139 © &% EPSILON = 0.0

AVE. ABS. DEVIATION 0.0305
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GUMBEL DISTRIBUTION FOR MIN. 30-DAY FLOWS AT STATION T7-1775

NUMB ER MIN. FLOMW CAL. PROB, 0Bs. PROB. DELTA PROB.
1 S 0.01 0.0104 0.0323 -0.0218
2 0.01 0.0104 0.0645 ~0,0%41
3 0.01 0.0i04 0.0968 -0.9863
% 0.30 0.0490 0.1290 -0.0800
5 11.40 0.2353 0,1613 0.0740
[ 15.30 0.2645 0.1935 0.6710
7 17.20 0.2769 0.2258 0.0511
8 19.80 0.2925 0.2581 G.0344
9 43.90 0.3930 0,2903 - 0.102%

10 46,10 0.3998 0.3226 0.0772
11 46.T0 0.4017 0.3548 U. 0468
12 50.40 0.4125 0.3871 0.0254
13 B4.70 0,4911 0.4193 0.0718
14 85.00 0.4917 0.4516 0. 0401
15 107.00 0.5287 0.4839 0.0449
16 135,40 0.5676 0.5161 0.0518
17 176 .60 0.6123 0.5484 0. 0639
18 177.80 0.6135 : 0.5806 0.0328
19 254,00 0.6738 0.6129 0. 0609
20 307.80 0.7059 0.6452 0. 0607
21 308.80 0. 7064 0. 6774 0.0290
22 315.20 0.7098 0.7097 0. 0002
24 369.10 0.7357 0.7742 -0.0385
25 376 .40 0.7388 0.8064 -0. 0676
26 521.30 0.7898 0.8387 -0.048%9
27 832.40 0.8556 0.8710 -0.0154
28 923.00 0.8686 0.9032 -0.0347
29 2437,00 0.9581 0.9355 0.0227
30 3665,00 0.9783 0.9677 0. 0105
SUM OF SQUARES 0.08554 % SIGMA = 198.50133
MAX, DEVIATION 0.1026 ** ETA = 0. 46048
AVE. DEVIATION 0.0169 ** EPSILON = 0.0

AVE. ABS., DEVIATION 0.0479
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GUMBEL DISTRIBUTION FOR MIN. 60-DAY FLOWS AT STujJON 7-1775

NUMBER MIN. FLOW CAL. PROB. 0BS. PAOB. DELTA PROB.
1 0. 01 0.0017 0.0323 ~0.0305
2 0,10 0.0062 0.0645 -0, 0583
3 6,80 0.0631 0.0968 -0,0337
5 40.10 0.1607 D.1613 —0.0006
& 52. 40 0.1843 0.1935 -0.0092
7 83,30 0.2315 0. 2258 0. 0057
8 126.60 0.2828 0.2581 0. 0248
9 194,20 0.3443 0.2903 0.0539

10 249.00 0.3841 0.3226 0.0615
11 263.20 0.3934 0.3548 0.0386
12 318.20 0. 4263 0.3871 ' 0.0392
13 349,30 0.4431 0.4163 0. 0237
15 407,50 0.47T16 0. 4839 ~0.0123
16 424,80 0.4794 0.5161 -0.0367
17 592, 70 0.5443 0.5484 -0.0041
18 666.40 0.5679 0.5806 -0,0128
19 685,80 0.5737 0.6129 ~-0.0392
20 901.20 0.6295 0. 6452 ~0.0157
21 925.00 0.6348 0.677T4 -0. 0426
23 118,30 0.6808 0.7419 =-0.0612
24 2214.00 0.8105 0.7742 0.0363
25 2503,20 0.8270 0.8064 0.0206
26 3069.00 0.8599 0.8387 0.0212
27 4163.10 0.9027 0.8710 0.0217
28 4939, 80 0.9229 0.9032 0.0197
29 6194 .00 0.9454%4 0.9355 0. 0099
a0 8973.00 0.9720 0.9677 0.0042
SUM OF SQUARES 0.03570 % SIGMA = 912.96802
MAX. DEVIATION 0.0640 ** ETA = 0.55741
AVE. DEVIATION -0.0028 *% EPSILON = 0.0

AVE. ABS. DEVIATION 0.0289
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GUMBEL DISTRIBUTION FOR MIN. 90-DAY FLOWS AT STATION 7-1775

NUMBER MIN. FLOW CAL. PROB. 08S. PROB. DELTA PROB.
1 0.01 0.0018 0.0323 -0. 0305
2 0.10 0.0056 0.0645 -0.0589
3 24,80 0.0837 0.0968 -~3,0131
4 29 .80 0.0913 0.1290 -0.0377
5 112.10 0.1691 0.1613 0.0078
6 116.50 0.1721 0.1935 -0.0215
7 237.70 ' 0.2361 0.2258 0.0103
8 382.80 0.2892 0.2581 0,031}
9 429,40 0.3033 0, 2903 0.0130

10 456,70 0.3139 0.3226 -0.0087
11 725.60 0. 3745 0.3548 0.0197
12 925 .40 0.4112 0.38T1 0. 0241
14 12¢3,70 0.4532 0.4516 0.0016
16 1507. 80 0.4910 . 0.5161 -0.,025%
17 1858,20 0.5273 0. 5484 -0.,0211
18 : 2043,20 0.5441 0.5806 -0,0365
19 2935,30 0.6097 0.6129 ~-0.0032
20 4130.60 0.6721 0.6452 0.027T0
21 6080.90 0.7413 0.67T74 0.0638
22 7258.70 0.7715 0. 7097 0.0619
23 T&4B2 .30 C. 7766 D.T419 : 0. 0347
24 T935.,10 0.7863 0.7742 0.0122
25 8369,00 0, 7950 0. 8064 -0.0114
26 110346.50 0.8378 0.8387 -0.0009
21 11316.00 0. 8414 0.8710 -0.0295
28 12768 .60 0.8585 0.90132 -0, 0447
29 15034.,00 0.8801 0.9355 -0.0554
30 25535,60 0.9368 0.96717 -0.0309
SUM OF SQUARES 0.02910 *x SIGMA = 3318.01807
MAX . DEYIATION 0.0638 *% ETA = - 049772

AVE. DEVIATION -0.0053 % EPSILON = 0.0
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GUMBEL DISTRIBUTION FOR MIN. 1-DAY FLOWS AT STATION 7-1645

NUMBER MIN., FLOW CAL. PROB, 0BS. PROB. DELTA PRDB.
1 30.00 0.0083 0.0313 -0.0230
2 85.00 0.0607 0. 08625 -0.0018
3 147.00 0.1198 - 0.0938 0. 0260
4 202.00 0.1704 0.1250 0.0454
5 270.00 0.2301 0.1563 0.0738
6 280,00 0.2388 0.1875 0.0511
7 290,00 0.2470 0.2188 0.0282
8 300.00 0.2554 0. 2500 0. 0054
9 326.00 G.2767 0.2813 -0.0046

10 327.00 0.2775 0.3125 -0.0350
11 342.00 0.2896 0.3438 =0, 0542
12 372.00 0.3132 0.3750 -0.0618
13 394,00 0. 3300 0.4063 -0.0763
1% 436.00 0.3613 0.4375 ~0.0762
15 615.00 0.480% 0.4638 0.0116
i6 688.00 0.5228 0.5000 - 0.0228
17 . 694 .00 0.5262 0.5313 -0.0051
18 790. 00 0.5768 0.5625 0.0143
19 850.00 0.6058 0.%938 0.0120
20 944 .00 0.6475 0.6250 0.0225
21 1150.00 0.7247 0.6563 0.0684%
22 1200 .00 0.7409 0.6875 0. 0534
23 1220.00 0.7471 0.7188 0.0283
24 1260.00 0. 7590 0.7500 0.0090
25 1310.00 0.7732 c.7812 -0.0081
26 1400.00 0.7968 0.8125 -0.0157
27 1500.00 0.8202 0.8438 ~0. 0236
28 1540.00 0.8288 0.8750 ~0.0462
29 1750. 00 0. 85678 0.9063 -0.0385
30 2100.00 0.9145 0.9375 -0, 0230
31 2620.00 0.9555 0.9688 -0.0133
SUM OF SQUARES 0.04693 ** SIGMA = - 908.18384%
MAX., DEVIATION 0.,0763 *® ETA = 1.05705
AVE. DEVIATION -0.0011 *% EPSILON = 20.39815

AVE. ABS. DEVIATION 0.0316
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GUMBEL DISTRIBUTION FOR MIN. 3-DAY FLOWS AT STATION 7-1645

NUMBER MIN. FLOW CAL. PROB. 085, PROAB. DELTA PROSB.
2 263.00 0.0568 0.0625 ~0.0057
3 447,00 0.1137 0.0938 0.0199
4 692.00 O.1846 0.1250 C. 0596
5 852.00 0.2280 0.1563 ‘ 0.0717
6 880.00° 0.2354% 0.1875 0. 0479
7 880,00 0.2354 0.2188 0.0166
8 920.00 0.2458 0.2500 ~-0,0042
9 989,00 0.2635 0.2813 ~0.0178

10 1116.00 0.2949 0.3125 -0.0176
11 1193.00 0.3134 0.3438 -0.0304
12 1218.00 0.3192 0.3750 ~0. 0558
14 ' 1494,00 0.3811 0.4375 =0. 0564
15 2116.00 0.5010 0.4688 0.0322
16 2134,00 0.5041 0.5000 0.0041
18 2403 .00 0.5484 0.5625 -0.,0141
20 3540,00 0.6962 0. 6250 0.07T12
21 3550.00 0.6973 0.6563 0.0410
22 3640,00 0.7067 0.6875 0.0192
23 3880.00 G.7303 0.71t88 0.0115
24 : 4070.00 0.746T7 0.7500 -0.0023
25 47T70.00 00,8026 0.7813 0.0213
258 4820.00 0.8060 0.8125 =0.0085
27 5320.00 0.8373 0.8438 -0.,006%
28 5400 .00 0.8418 0.8750 =0. 0332
29 5790.00 0.8621 0.9063 ~0.0442
30 84600.00 0. 9489 0.,9375 0.0114
31 8880.00 0.9537 0.9688 - =0.0151
SUM OF SQUARES 0.03786 *¥ SIGMA = 2991. 70093
MAX. DEVIATION 0.0717 *% ETA = 1.01353
AVE. DEVIATION -0.0003 ** EPSILON = 86.43230

AVE. ABS. DEVIATION 0.0279
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GUMBEL DISTRIBUTION FOR MIN., T7-DAY FLOWS AT STATION 7-1645

NUMBER MIN. FLOW CAL. PROB, 0BS. PROB. DELTA PROB.
1 240.00 0.0216 0.0313 -0, 0097
2 624,00 0.0600 0.0625 -0.0025
3 1071.00 0.1054% 0.0938 0.0116
& 19946.00 0.,1971 0.125%0 0.0721
5 2160.00 0.2128 0.1563 0.0565
& 2209,00 0.,2174 0.1875 0.0299
7 2209.,.00 0.2174 0.2188 ~D.0014
8 2210.00 0.2175 0.2500 -0.0325
9 2361.00 0.2317 0.2813 «0.0495

11 3070.00 0.2960 0.3438 ~0.0478
12 3731.00 0.3521 0.3750 ~0,0229
14 5047.00 0.4530 . 0.4375 0.0155
15 5306.00 0.4711 0. 4688 0. 0023
16 $973.00 0.5156 0.5000 0.0156
17 6377.00 0.5408 0.5313 0.0095
18 6458 .00 00,5457 0.5625 -0.0168
19 1354,00 0.5971 0.5938 0.0033
20 8850, 00 0.6712 0.6250 0.0462
21 9180,00 0.6858 0.6563 0.0295
22 9240.00 0.6883 0.6875 0.0008
23 9840.00 0.7131 0.7188 -0.0057
24 11750.00 0.7801 0.7500 0.0301
25 11890.00 0. 7844 C.7813 0.0031
26 12430.00 0.8002 0.8125 -0,0123
27 13220.00 0.8214 0.8438 =0.0224
28 13830.00 0.8362 0.8750 -0.0388
29 16360.00 0.8861 0.9063 -0.0202
30 22310.00 0.9525 _ 0.9375 0.0150
31 23000.00 0.9571 ) 0.9688 -0.0117
SUM OF SQUARES 0.02623 *% SIGMA = 8026.34375
MAX. DEVIATION 0.0721 *% ETA = 1.08954
AVE, DEVIATION -0.0005 ‘xx EPSILON = 0.0

AVE. ABS. DEVIATION 0.0225



107

GUMBEL DISTRIBUTION FOR MIN. 14-DAY FLOWS AT STATION T-1645

NUMBER MIN. FLOW CAL. PROB. 08S. PROB. DELTA PROB.
1 653,00 0.0278 0.0313 ~0.0035
2 1350.00 0.0592 0.0625 -0. 0033
3 26440,00 0.1084 0.0938 0.0146
4 4323.00 0.1904 0.1250 0.0654
5 4400 .00 0.1936 0.1563 0.0373
6 4501 .00 0.1979 0.1875 0.0104
7 4700, 00 0.2062 0.2188 -0.0126
8 4#730.00 0.2074 0.2500 -0.0426
9 5474.,00 0.2379 0.2813 -0.0434

10 ) 6899, 00 0. 2936 0.3125 ~0.0189
11 7058.,00 0.2997 0.3438 ~0. 0441
12 7683.00 0.3229 0.3750 -0.0521
14 10500.00 0.4196 0.4375 ~-0.0179
15 11933,00 0.4639 0.4688 «0.0049
16 13217.00 0.5011 0. 5000 . 0. 0011
17 15498.00 0.5613 C.5313 0.0300
18 ‘18800.00 0.6366 0.5625 0.0741
19 19850,00 0.6579 0.5938 0. 0641
- 20 19954.00 0.6599 0.6250 0.0349
21 _ 22210.00 0.7015 . 0.86563 0. 0452
22 22530.00 0.,7070 0.6875 0.0195
23 ' 25000. 00 0,7463 0.71a38 0.027%
24 25860.00 0.7588 0. 7500 0. 0088
25 27060.00 0.7752 0.7813 ~0.,0061
26 : 27190.00 0,769 0.8125 -0.0356
27 27960 .00 0.7868 0.8438 -0, 0570
30 48770.00 0.9390 0.9375 0.0015
k) 51700. 00 0.9490 0.9688 -0.0198
SUM OF SQUARES 0.04374 % SIGMA = 18586.69922
MAX. DEVIATION 0.0790 ** ETA = 1.06610
AVE. DEVIATION -0.0019 *x EPSILON = 0.0

AVE. ABS. DEVIATION 0.0299
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GUMBEL DISTRIBUTION FOR MIN. 30-DAY FLOWS AT STATION 7-1645

NUMBER MIN, FLOW CAL. PROB. 085. PROB. bELTA PROB .«

1 1834 .00 0.0318 0.0313 0.000%
2 3210.00 0.0566 0.0625 -0.0059
3 6151.60 0.1090 0.0938 0.0152
4 102646.00 0.1795 0.1250 0.0545
5 11229.00 0.1953 0.1563 0.0390
6 11284.00 0.1962 0.1875 0.0087
T 12595.00 0.2175 0.2188 -0,0013
8 12865,.00 0.2218 0.2500 -0,0282
9 13576.00 0.2330 0.2813 -0, 0483
10 15873.00 U.2685 0.3125 ~0.0440
11 17236.00 C.2889 0.3438 ~0.0549
12 19896 ,.00 0.3273 0.3750 -0,0477
i3 25484,.00 N.4021 0.4063 -0.0042
14 286440,00 0.4386 0.4375 0.0011
15 29939,00 DebH63 0.4688 -0.,0125
16 : 36667.00 0.5295 0.50060 0.0295
17 42070.00 0.5815 0.5313 0, 0502
18 47100, 00 0.6251 0.5625 0.0626
19 47848.00 0. 6311 0.593A8 0. 0373
20 56880.00 0.6976 0.6250 0.0726
21 57980.00 0. T049 0.6563 0.0486
22 59550,00 0.7150 0.6875 0., 0275
23 60710.00 0.7222 0.7188 0.0034
2% 62450, 00 0.7327 0. 7500 -0.0173
25 64360,00 0.7439 0.7813 ~-0. 0374
26 66290,00 0.7546 0.812% -0.0579
28 80220 .00 0.8204 0.8750 =-0.0546
29 105390.00 0.8985 0.9063 ~0.0078
30 111790.00 0.9123 0.9375 -0, 0252
31 149190.00 0.9630 0.9688 -0, 0058
SUM OF SQUARES 0.04432 *¥® SIGMA = 47968,93750
MAX. DEVIATION C.0726 x ETA = 1.05114
AVE. DEVIATION -0.0019 *% FPSILON = 0.0

AVE. ABS. DEVIATION 0.0310
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GUMBEL DISTRIBUTION FOR MIN. 60-DAY FLOWS AT STATION 7-1645

NUMBER MIN. FLOW CAL. PROB., 0BS5S . PROS. DELTA PROB.
1 5593.00 0.0364 0.0313 0.0051
2 8986 .00 0.0592 0.0625 ~-0.0033
3 15685.00 0. 1040 0.0938 0.0102
& 26962.00 0.1766 0.1250 0. 0516
5 28140.00 0.1839 0.1563 0.0276
6 31910.00 0.2070 0.1875 0.0195
7 37301.00 0.,2392 0.2188 0.0204
g 39817.00 0.2539 ¢.2500 0.0039
9 42319.00 0.2683 0.2813 =0.0130

10 45610.00 0.28468 0.3125 ~0.0257
11 48002.00 0.3000 0.3438 -0.0438
12 51414.00 0.3185 0.3750 -0.0565
13 57286.00 0.3493 0.4063 -=0.0570
14 68012.00 0.,4024 0.4375 -0.0351
15 69021 .00 0.4072 O.4688 -0.0616
16 103918.00 0.5527 0.5000 0.0527
17 124057.00 0.6207 0.5313 0. 0894
18 134120.00 0.6509 0.5625 0.0884%
19 136730.00 0.6584 0.:.-938 0.0646
20 141910.00 0.6727 0.6250 0.0477
21 142100.00 0.6733 D.6563 0.0170
22 149754.00 0.6934 0.6875 0.0059
23 151420.00 0.6976 0.7188 -0.0212
24 154920.00 0.7063 0.7500 -0.0437
25 177120.00 0. 7560 0.7813 -0.0253
26 207900.00 0.8118 0.8125 -0. 0007
27 20791 0. 00 0.8118 0.8438 -0.0320
28 218970.00 0.8286 0. 8750 =0, 0464
29 241390.00 0.8584 0.9063 -0.0479
30 294520.00 0.9102 0.9375 -0.0273
a1 . 418200.00 0.9694 0.9688 0. 0006
SUM OF SQUARES 0.05320 **x SIGMA = 127759.31250
MAX. OEVIATION 0.0894 ** ETA = 1.05322
AVE. DEVIATION -0.0012 % EPSILON = 0.0

AVE. ABS. DEVIATION 0.0337
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GUMBEL DISTRIBUTION FOR MIN. 90~DAY FLOWS AT STATION 7-1645

NUMBER

OO~ NP W N

MIN. FLOW

12427.00
16007 .00
24598.00
49495.00
51318.00
61844, 00
63046,00
67259.00
74883, 00
88%535.00
112252.00

1 120559,00

133623.00
155117.00
160678,00
174297.00
201910.00
208360.00
220550.00
228580,00
233200.00
261520.00
288520.00
288780.00
3289206.00
377600.00
380890.00
386440,.00
388510.00
508610,00
606430,00

“SUM OF SQUARES
MAX. DEVIATION

AVE.

DEVIATION
AVE. ABS. DEVIATION

CAL. PROB.

0.0303
0.0407
0. 0672
- DslaB2
0.1542
0.1889
0.1929
0.2067
0.2314
0.2750
0.3476
0.3720
0.40091
De4668
0.4810
0.5146
0.5776
0.5913
0.6163
0.6320
0.6408
0.6910
0.7330
0.7334
0. 7866
0.8383
0.8413
0.8463
0.8482
0.9258
0.9597

0,01880

0.0581
-0.0038&

0.0192

0BS. PROB.

0.0313
0.0625
0.0938
0.125%0
0.1563
0.1875
0.2188
0.2500
0.2813
0.3125
0.3438
03750
C.4063
0.4375
0.4688
0.5000
0.5313
0.5625
0.5938
0.6250
0.6563
0.6875
0.7188
0.7500
0.7813
0.8125
0.8438
0. 8750
C.9063
0.9375
0.9688

** SIGMA =

% ETA =

®* EPSILON =

DELYA PROB.

-0,0010
-0.0218
-0.0265%
0.0232
-0.0021
0.0014%
-0.0259
-0.0433
-0.0375
0.0038
-0.0030
0.0028
0.0293
0.0122
0.0146
0.04563
0.0288
0.0225
0.0070
-0. 0155
0.0035
0.0142
=-0.0166
0.0053
0,0258
-0 00025
-0.0287
~-0.0581
-0 -0 117
-0.0091

228641 .93750

1.19576
0.0
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GUMBEL DISTRIBUTION FOR MIN. 1-DAY FLOWS AT STATION 7-1945

NUMBER MIN. FLOW CAL. PROB. 08S. PROB, DELTA PROSB.
1 16.00 0.0146 0.0286 -0.0139
2 200,00 0.0484% 0. 0571 ~0.0088
3 255.00 0.0650 0.0857 -0, 0207
4 500.00 0. 1448 0.1143 0.0305%
5 566,00 0.,1670 0.1429 0. 0241
6 585.00 0.1734 0.1714 " 0.0020
7 638,00 0.1913 0. 2000 -0.0087
8 650.00 0.1953 0.2286 =0. 0332
9 678,00 0.2048 0.2571 ~0.0524

10 910,00 0.282¢% 0.2857 -0.0036
11 983.00 0.30%9 D.3143 -0.0084
12 1040, 00 0.3242 0.3429 -0.0187
13 1040,00 0.3242 C.3714 -0.0473
15 1470.00 0.4538 0.4286 0.0252
16 1680,00 0.5108 0.4571 0. 0536
17 1810.00 0.5439 0.4857 0.0581
18 1850, 00 0.5537 0.5143 0.0394
19 1890.00 0.5634% 0.5429 0. 0205
20 1960, 00 0.5799 0.5714" 0.0085
21 2190.00 0.6310 0. 6000 0. 0310
22 2240,00 D.bbld 0.6286 0.0128
23 2340,00 D.6615 0.6571 0.0043
24 2530.,00 0.6972 0.6857 0.0115
25 2640,00 0.7164 0.7143 0.0021
26 2790.00 0. 7409 0.7429 -0.0020
27 3020.00 0.7750 0.7714 0. 0035
28 3090.00 0.7845 0.8000 ~-.0155
29 3380.00 0.8205 0.8286 -0.0080
30 3490.00 0.8327 0.8571 ~0.0244%
31 3510.00 0.8349 0.8857 -0.0508
32 3650.,00 0.8492 0.9143 -0. 0651
33 5100,00 0.9437 0.9429 0.0009
34 ‘ 5650. 00 0.9621 0.9714 -0.0094%
SUM OF SQUARES 0.02973 x SIGMA = 2195.52930
MAX . DEVIATION 0.0651 **% ETA = 1.25398
AVE., DEVIATION -0.0034 *% EPSILON = 0.0

AVE. ABS. DEVIATION 0.0227
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GUMBEL DISTRIBUYION FOR MIN. 3-DAY FLOWS AT STAYION 7-1945

NUMB ER MIN. FLOW CAL. PROB. 08s5. PROS8. DELTA PROB.
1 276.00 5.0193 0.0286 -0.0093
2 605.00 0. 04B4 0.0571 -0.0088
3 1020.00 0.0881 0.0857 0. 0024
4 1500.00 0.1358 01143 0.0215
5 1956.00 0.1813 - D. 1429 0.0385
6 2045 .00 0.1902 O.1714 0.0188
7 20564.G0 0.1911 G.2000 ~0.0089
B 2177.00 0.2033 0.22E6 -0. 0253
9 2366.00 nN,2219 D.2571 -0.0352
10 2980.00 q.2811 0.2857 ~0.5046

1t 3049,00 0.2876 0.3143 -0.0266
12 3120.00 0.2963 0.3427 -0.0485
13 3430, 00 0. 3230 0.2714 . -0.048%
14 4040.00 0.3775 0. 4C07D -0.0225
15 4630.00 0.4273 0.6285 -0.00113
16 5400.00 0.4979 0.4571 0. 0307
17 5790.00 0.5167 0.4857 0.0310
18 6050, 00 0.5351 0.5143 0.0209
19 &£750,00 0.5821 0.5429 0.0392
20 1250,00 D.6132 0.5714 0.0418
21 7650, 00 0.6367 0. 6009 0.0367
22 7780,00 0.06441 0.6286 0.0155
23 8050.00 0.6590 0.6571 0.0018
24 9060.00 0.7101 0.6857 D.0244
25 9200.00 0.7166 G.7143 0.00223
26 10300.00 0.7636 0.7429 0.0207
27 10530.00 80.712% 0.7714 0.0010
28 11340,00 0.3015 0.8000 0. 0015
29 11390,00 0.8031 0.8286 -0.0254
30 11440.00 0.8048 0.8571 -0, 0523
31 11880.00 0.8168Y 0.8857 -0.0668
32 ' 14170,00 © D.RT84 0.9143 -0.0359
33 18450.00 D.9441 0.9429 0.0012
34 20900, 00 0.9647 0.9714 -0.0067
SUM OF SQUARES 0.,02779 k% SIGMA = 7570.32813
MrX. DEVIATION 0.0668 a% ETA = 1.18890
AVE. DEVIATION -0.0023 x% EPSILON = 0.0

AVE. ABS., DEVIATION 0.0228
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GUMBEL DISTRIBUTION FOR MIN, 7-DAY FLOWS AT STATION 7-1945

NUMBER MIN. FLOW CAL. PROB. 0BS. PROB. DELTA PROB.
1 843.00 0.0268 0.0286 -0.0017
2 1445.00 0.0489 0.0571 -0.0083
3 2460.00 C.0875 0.0857 0.0018
4 3500.00 0.1276 0.1143 0.0133
5 4823,00 0.1782 0.1429 0.0353
] 4958.00 0.,1833 0.1714 0.0119
7 5213.00 0.1929 0.2000 : -0.0071
8 6272.00 0.2322 0.2286 0.0037
9 T190.00 0.2655 0.25T71 0. 0083

10 7400.00 0.2729 0.2857 -0.0128
11 T506.00 0.27T6T 0.3143 -0.0376
12 7799.00 0.2870 0.3429 -0.0558
13 8830, 00 0.3225 0.3714 ~0.048%
14 10800.00 0.3869 0. 4000 -0. 0131
15 12870.00 0.4494 0.4286 0.0208
16 13970. 00 0.4805 - 0.4571 0.0233
17 14120.00 0.4846 0.4857 -0. 0011
18 15910.00 0.5318 0.5143 0.0175
19 17930.00 0. 5806 0.5429 0.0377
20 19350.00 0.6122 0.5714 0. 0407
21 19500.00 - 0.6154 0.6000 0.0154
22 19740.00 0.6205 0.6286 -0,0081
.23 20940.00 0.6451 0.6571 -0.0121
24 23410.00 0.6913 0.6857 0.0056
25 25220.00 0.7216 0.T7143 0. 0073
26 27660.00 0.7582 0.7429 0.0154
27 28170.00 0.7653 0V.TT14 -0.0061
28 32240.00 0.8153 0.8000 0. 0153
29 33520.00 0.8288 0.8286 0.0003
30 34030.00 0,8340 0.8571 -0.0232
31 35740.00 0.8502 0.8857 -0. 0355
32 39130.00 0.8780 0.9143 -0.0363
33 50120.C0 0.9382 0.9429 =0. 0046
34 56750.00 0.9595 0.9714% -0.0120C
SUM OF SQUARES 0.01772 ** SIGMA = 20299.34766
MAX. DEVIATION 0.0558 ** ETA = 1.13301"

AVE. DEVIAYION -0.0015 *% EPSILON = 0.0
AVE. ABS. DEVIATION 0.0176 ‘
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GUMBEL DISTRIBUTION FOR MIN. l4—DAY FLOWS AT STATION T-1945

NUMBER MIN. FLOW - CA . PROB, O8S. PROS. DELTA PRDS.

1 2060.00 0.0312 0.0286 0. 0026
2 3284.00 0.0517 0.0571 -0.,005%
3 5115.00 0.0832 0.0857 -0.0026
4 T460.00 0.12386 G.1143 0. 0093
5 10837,00 0.1809 0.1429 0.0380
& 10857.00 0.1812 0.1714 0,00%8
7 10953 ,00 0.1828 0.2000 -0.0172
8 14552.00 0.2416 0.2286 0.0131
9 14990.00 0.2486 0.2571 -0.0085
10 15810.00 0.2616 0.2857 -0, 02461
11 15909. 00 0.2631 0.3143 -0.0512
12 15910.00 0.2631 0. 3429 -0. 0797
13 19940.00 0.3244 0.3714 ~0.047T0
14 29360.00 0.4523 0.4000 0.0523
15 29430.00 0.4532 0. 4286 0. 0246
16 31720.00 O.4811 0.4571 0.0239
17 35120.00 0.5202 0.4857 0.0345
18 37340.00 0.54643 0.5143 0.0300
19 40680.00 0.58006 0. 5429 0.0377
"20 ’ 42890 .00 0.6000 0.5714 0.0286
21 42970.00 0.6008 0.6000 0.0008
22 47670.00 0.56431 0.6286 0.0145
23 50050.00 0.6629 0.46571 0.0058
24 52430.00 0.6817 0.6857 =0.0040
25 53000.00 0.6861 0. 7143 -0.0282
26 62720.00 0.7525 0.T429 0. 0096
27 63290.00 0.7560 0.7714% -0.0155
28 65580.00 0.7694 0.8000 =-0. 0306
29 10950,00 0.7983 0.8286 -0,0303
a0 16930, 00 C.8264 0.8571 -0.0307
31 83610.00 0.8534 0.8857 -0. 0323
32 111870.00 0.9295% 0.9143 0.0152
33 125310.00 0.9506 0.9429 0.0077
34 : 152230.00 0.9760 0.9714 0. 0046
SUM OF SQUARES 0.02717 *x SIGMA = 46405,31641
MAX. DEVIATION 0.0797 . % ETA = 1.10823"

AVE, DEVIATION -0.0013 *¥ EPSILON = 0.0
AVE. ABS. DEVIATION 0.0226 :
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GUMBEL DISTRIBUTION FOR MIN., 30-DAY FLOWS AT STATION 7-1945

NUMBER RKN. FLOW CAL. PROB. 08as. PROS8. DELTA PROSB,
A

H © 6969,00 0.0472 0.0286 0.0187
3 - 14015.00 0.0970 0.0857 0.0113
4 . 17917.00 0.1242 0.1143 0. 0099
5 1 25831.00 0.1779 0.1429 0.0351
6 29514.00 0.2022 Cuel7la 0.0308
7T 30373.00 0.2078 0. 2000 00,0078
8 32780.00 0.2233 0.2286 -0.0053
9 35331.00 0.2394 0.2571 -0.0177
10 35842.00 0.2426 0.2857 ~-0,0431
11 371030.00 0.2501 0.3143 -0.0642
12 38629.00 0.2600 0. 3429 -0, 0829
13 47380.00 0.3123 0.3714 -0.0591
14 76890, 00 0. 4662 0.4000 0.0662
15 T7180.00 0.46T6 0.4286 0. 0390
16 79080.00 D.4763 0.4571 0.0192
17 87150,00 0.5121 0.485%7 0.0264
18 93840.00 0.5400 0.5143 0.0257
19 96580. 00 0.5510 0.5429 0.0082
20 126930.00 0.6577 0.5714 0.0863
21 129070.00 0.6642 0.5000 0. 0642
22 131580.00 0.6T18 0.6286 0.0432
" 23 137430.00 0.6887 0.6571 0.0315
24 139700.00 0.6950 0.6857 0,0093
25 139830, 00 0. 6954 0. 7143 -0.0189
26 143380.00 0.7051 0,.7429 -0.0378
27 148200.00 0.7177 0.7T714 -0.0537
28 157710.00 D.T412 0. 8000 ~0,0588
29 169%80.00 0.7T679 0.8286 -0.0607
30 174510.00 0.7782 0.85T71 -0.0790
3l 261040 .00 0.9012 0. 8857 0. 0155
32 262280.00 0.9024 0.9143 -0.0119
33 367930,00 0.9645 0.9429 0.0217
34 415410.00 0.9777 0.9714 0.0062

SUM OF SQUARES 0.,06064 ¥ SIGMA = 118%23,50000

MAX. DEVIATION 0.0863 *% FTA = 1.06756

AVE. DEVIATION -0.0005% ** EPSILON = 0.0
AVE. ABS. DEVIATION 0.034¢4 .
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GUMBEL DISTRIBUTION FOR MiN. 60-DAY FLONS AT STATION T7-1945

NUMBER MIN. FLOW CAL. PROB, o8s. PROB. DELYA PROB.
1 17379.00 0.0398 0.0286 0.0112
2 24204 .00 0.0605 0.0571 0. 0034
3 37733.00 0.1008 0.0857 0.0151
& 38725.00 0.1037 0.1143 -0.0106
5 46089,00 0.1810 0.1429 0. 0381
& 15640, 00 0.2066 0.1714 0.0351
7 75868 .00 0.,2072 0. 2000 0. 0072
8 83351.00 0.2267 0.2286 -0.0019
9 85342.00 0.2318 0,2571 -0.0253

10 90820.00 Q.2458 0.2857 ~0. 0399
11 91110.00 0.2465 0.3143 -0.0678
12 101440.00 0.2721 0.3429 -0,0707
13 17T0140.00 0.4231 0.3714% 0. 0517
14 172620.00 0.4279 0.4000 0.0279
15 194541 ,00 0.4692 0. 4286 0. 0406
16 202240.00 0.4830 0.4571 0.0258
17 212460.00 0.5007 0.4857 0.0150
18 217430.00 0.5092 0.5143 -0. 0051
19 217550,00 0.5094 0.5429 -0.0335
20 291020.00 0.6190 0.5714 0.0476
21 303380.00 0.6349 0.6000 0. 0349
22 308910.00 0.6419 0.6286 0.0133
23 ‘ 341810.00 0. 6805 0.65T1 0. 0233
24 343930.00 0.6828 0.6857 ~0.0029
26 366000 .00 0.7062 0.7429 -0. 0367
27 374240,00 0.7145 0.7714 -0.0569
28 402530.00 0. 7413 C. 8000 -0.0587
29 535280.00 0.8374 0.8286 0. 0089
30 581470.00 0.8618 0.8571 0.0047
31 633630.00 0.8848 0.8857 -0. 0009
- 32 T54560.00 0.9250 0.9143 0.0107
33 822730.00 0.9411 0.9429 -0,0017
34 1169300.00 0.9829 0.971L4 0.0115
SUM OF SQUARES 0.03498 ** SIGMA = 301149.31250
MAX. DEVIATION 0.0707 ® ETA = 1.02665
AVE. DEVIATION ~3.0000 *® EPSILON = %4292.26563

AVE. ABS. DEVIATION 0.0251
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GUMBEL DISTRIBUTION FOR MIN. 90-DAY FLOWS AT STATION 7-1945

NUMBER

MIN. FLOW

36425.00
54024 .00
59913,00
111559, 00
120878 ,00
128605.00
132510.00
141192.00
149230.00
157350.00
162670.00
265740.00
299780.00
329800.00
371390,00
380670.00
395390, 00
451421.00
464560.00
482670, 00
496740.00
595450.00
615680,.,00
680130.00
684220.00
877090,.00
9346940.00
969290. 00
1010460 .00
1181510.00
1275460.00
1309740.00
1352030.00
1741100.00

SUM OF SQUARES

MAX .
AVE.
AVE.

ABS.

DEVIATION
DEVIATION
DEV IAT ION

CAL. PROB.

0.0443
0.,0734%
0.0829
0.1620
0.1755
0.1865
0.1920
0.2041
0.2151
0.2261
0.2332
0. 3586
0,3952
0.4258
0.4655
0.4740
0.4872
0.5344%
0.5448
0.5587
0.5693
0.6365
0. 6489
0.6857
0.6879
0.7T157
0.7T976
0.8085%
0.8215
0.8667
0.8865
0.8929
0.9004
0.9487

0.026806

0.0811
-0.0010

0.0219

0BS. PRDB.

0. 0286
0.0571
0.0857
0.1143
0.1429
0.1714
0.2000
0.2286
0.2571
0.2857
0.3143
0.3429
0.3714
0.4000
0.4286
0.45T1
0.4857
0.5143
0.5429
0.5714
0.6000
0.6286
0.,6571
0.6857
0.7143
0.7429
0.7714
0.8000
0.8286
0.8571
0. 8857
0.9143
0.9429
0.9714

** SIGMA =

** ETA =

** EPSILON =

DELTA PROB.

0.,0157
0.0162
~0.0028
0.0677
0.0326
0.0150
-0.0080
=0.0245
=0.0420
-0, 0596
-0-.0811
0.0157
0.0238
0.0258
0. 0370
0.01569
0.0015
0.0201
0.0019
-0.0127
-0.0307
0.0079
-0.0082
-0. 0000
-0.0264%
0.0329
0.0261
0.0085
=0. 0071
0.0096
0.0008
-0.0214
-0.0425
-0.0228

588474.56250

0. 99200

10926.56641
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TREATMENT PLANT COST FUNCTION
I. Municipal Waste Treatment Plant
1. Assumptions
(1) The treatment system consists of a sedimentation unit,
aeration tank, final clarifier, and activated carbon unit.
(2) Upper limit of primary treatment = 30% of BOD removal
(3) Upper limit of secondary treatment = 95% of BOD removal

(4) Upper limit of tertiary treatment = 98% of BOD removal

(5) Service life of treatment facility = 20 years, interest
rate = 4%. Therefore, capital recover factor = 0,7358

(6) Data of unit cost were taken from "Cost of Wastewater

Treatment Processes,”" a report of Robert A. Taft Water
Research Center.

2. Annual Cost of Primary Treatment

Assume treatment capacity per unit area of sedimentation basin =
800 ga]/day/ft2 (equivalent to 0,0012377 cfs/ftz), req'd area =

Q/0.0012377 = 807.95Q, in ft2,
Unit cost per sq. ft. of sedimentation basin = 10%, where s =
1.0/00.233 log (807,95Q/1000) + 0.758].

Capital recovery = {capital recovery factor){req'd area){unit
cost) = 59.4490 x 10°.

Annual maintenance cost = 3% of the total capital investment =

0.03(req'd area)(unit cost)
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Therefore, total annual cost of primary treatment = capital
recovery + annual maintenance cost
or

total annual cost of primary treatment = 83.688Q x 10% (1)

Annual Cost of Activated Studge System

(1) Determination of aeration time

Let
X = efftuent BOD, mg/1

Y = influent BQD before entering primary sedimentation unit,
mg/1

R = % BOD removal due to primary treatment
E = % BOD removal due to primary and secondary treatment

E'= % BOD removal of the remaining BOD after pfimary treat-

ment
then
E'= [{Y - YR/100 - X)/(Y - YR/100)] x 100, (2)
and
E = [(Y - X)/Y] x 100. : (3)

From Equations 2 and 3,
E'= T00(E - R)/(100 - R). (4)

Combining Equation 4 with the NRC formula

E'= 100/@ M(w%)ﬂ | . (5)

where

p

pounds of BOD entering activated sludge system,
or

P= Y- T%U Qc, ¢ is a conversion factor
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W = 1000 pounds of sludge returned to aeration tank,

or

Suspended solids conc. x % Q returned x ¢

W= TO00

T = hours of contact or aeration,

M,N = coefficients, M = 0.03, N = 0.42,

then

T - %< E_--RE M)}/N. (6)
Let

suspended solids conc., = 10,000 mg/1,

% Q returned = 0.25Q.
and

T = 0.000067 Y(&ET:_EE)Z'?’B. (7)
(2) Annual Cost of Primary Treatment
Volume of aeration tank req'd

V = 3600 QT. (8)
Using the capital cost function

Tog (capital cost/1000) = 0.806 (V/1000) + 0.306
and the service life and interest rate previously assumed,

capital recovery = 0.07358 x 10[0'806 log QT + 3.754]
Assuming operation hours per day = 24 hrs., then

annuaf operation cost = 365 x 24 «x 1.42(V.100.000),
or

annual operation cost = 447,811 (QT. (10)

The annual maintenance cost = 3% of capital cost.



122

(3) Annual cost of final clarifier

Assume treatment capacity = 600 ga]/day/ft2 (equivalent to
9.0009283 cfs.ft)
Area required A = Q/0,0009283 = 1077.238Q, in sg. ft.

Capital cost in dollars per sq. ft.

_ 1 ']
- 10 0-2 Tog (A7T00) + 0.57

1
EKZ log (A/100} + 0=57]
Total capital cost = 1077.238Q x 10
any

Therefore, with life of service = 20 years, and interest rate

= 49 1 ]
0.2 Jog (10.77238Q) + 0.57

the capital recovery = 79.263Q x 10
(12)
Annual maintenance cost = 3% of total capital cost.

Tertiary treatment (by powered activated carbon)

]
' |6.396 Tog (0.646317Q) + 0.§é]

Treatment cost (¢/1000 gal) = 10

(13)
Assume
Operation hours = 24 hrs/day, therefore total amount of
influent wastewater treated annually - 0.646317Q x 365

= 235906Q, in thousand gallons. 1
0.396 Tog (0.646417Q} + 0.83

Annual cost = 2369.06Q x 10

Summary of Annual Costs, in February 1968 dollars, at

differeht treatment levels

(1) Primary treatment (BOD removal

C,, = 83.6880 x 10EU'-2§3- Tog {0.B07950) + E’-sg_] (14)
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(2) Primary treatment + Activated sludge process (30% < % BOD

removal = 95%)

‘ d
CA - Cp + 111.58Q x 10{5,2 Tog (10.77238Q) + 0.57

+ 10358 x 10 [0-896 109 (QT) + 3.7541 4 447 g1y qr

0.00067y {E£=30_ 30 , 30% < E < 95%
100 - E

(3) Primary treatment + Activated sludge process + Tertiary

(15)

treatment

Assume the upper limit of BOD removal = 98%

07396 Tog T0-S0E37GT ¥ 053]
C; = Max. C, + 2359.06Q x 10 [: -39 log (0. *+ 0.8
(16)
(Max CA = the value of CA when E = 95%)
Notation:
Q = Infliuent flow, cfs
E- = Percent of BOD removal
T = Detention time in aeration tank, hr.
Y = Initial BOD conc,, mg/1.

II. Industrial Waste Treatment Plant
1. Assumptions
(1) Completely soluble organic waste
(2) Except without primary treatment, other assumptions are the

the same as those for municipal waste treatment piant.

2. Annual Cost of Activated Sludge System
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Applying the same principles as those in Section II the aeration

time is

T = 0.000096Y[E/(100 -E)1%*38 (17)

Others are the same as before.

3. Tertiary Treatment

Same as Section Il

4. Summary of Annual costs, in February 1968 dollars, at different
treatment levels

(1) Activated sludge process (0O< % BOD removal < 95)
b 0]
p = 111,580 x ToL2-& 109 1T *+ 0.

+ 0.10358 x 1010-806 1og (QT) + 3.784] | 400 arior  (18)

c

T = 0.000096v<}65§-:-z) 2.3 0x < E < 95%]

(2) Activated sludge process + tertiary treatment

Assume the upper limit of BOD removal = 98%.

0% To5 (DAY 7 0.5
) + 2359.060 x 102-°% 108 (0. 631/Q + 0.
(19)

(Max. CA = the value of CA when £ = 95%)

C+ = Max. C

T

Notation:

Influent flow, cfs

o
]

% BOD removal

m
L]

—
1}

Detention time in aeration tank, hr.

-
il

Initial 80D conc., mg/]
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II1. Relationship of Treatment Cost and Treatment Level

A treatment cost can be determined when assuming a certain level
of treatment by using the equations developed in Sections I and II.
In investigating the general form of the relationship between percent
BOD removal and treatment cost, it was found that this relationship
generally followed the exponential function |

Y = A+ 8.R,

where

Y = treatment cost in dollars

>
H

percent of BOD removal

p o)
]

intercept of equation
B,R = coefficients

In performing the regression analysis of the above equation,
a computer program of asymptotic regression analysis in BMD (Biomedical
Computer Programs) was used. As an example, the analytical results of
treatment plant M5 in the hypothetical basin is shown graphically in

the following figure.
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SPACING OF D.O. CONSTRAINT POINTS

The following sketch shows the Tower part of an oxygen sag curve
which shows a portion of the curve minimum D.0. level at a constraint
point is equal or greater than the minimum required D.0. level, it is

still possible to have a D.0. viclation between two adjacent points. In

5
—

Saturated D.0. level

Max. allowable
D.0. deficit, D

. At—-' :
/

D.0. concentration, mg/1

e L4
Constraint point Constraint point
to =
BOD = a
Time of flow, days —_—

managing the water quality, the smaller the spacing of D.0. constraint
points that is taken, the less the chance of a D.0. violation. However,
if too many constraint points are adopted, the calculation work becomes
unbearable. Therefore, it is necessary to determine an appropriate
spacing at which fhe possible D.0. violation is insignificant.

The maximum possiblg P.0. violation occurs at the point where
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the critical D.0. deficit happens. An equation expressing the maximum
violation in terms of the spacing between two constraint points can be
derived as follows:

Let

= interval of flow time between crossings of the‘maximum
allowable D.0, deficit level, days,

and |

t = any time of flow in the reach considered, days.
Thus, from the figure and the Streeter-Phelps equation, the value of the
D.0. deficit with time is given by

ky L “k,t
0= Ll (e-k]t _e-kzt)+ D,e”*2 (1)
2 - K

but, at time t, + At, the deficit again equals Da‘ It follows that

k,L
. Kba /ockgat-koat ~kpat
Da Fg_"-k_]_(e e 2 )"' Dae (2)

The only unknown in Eguation 2 is La

.

0 (1 k2At)( - k]) o
; K ( RUT kzat) :

The formula for the critial D.0. deficit, Dc' is

e fo G- ) e

Substituting for L, in Equation 4,
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~koat
_(kz - kl)Da (1-e ) -k

k
D 2
c kz(e-k] At _e:k2ﬂt) exp -Fz-Tr In [E-T

1
(- sy

The maximum violation, V, is the difference between Dc and Da’ i.e.,

(5)

V=0, -D, | (6)

where D, 1s given by Equation 5.

With the application of Equations 5 and 6, the appropriate spacing
of each reach of the hypothetical basin was selected. Values of spacing
and their corresponding values of D.0. violation are shown as follow.
The marked values are the selected spacings whose corresponding D.0O.

violation are less or equal to 0.025 mg/1.



BA M, 1 A8
SMCING, DAY 0.0. YIOLATED,
a.10 0. 0008
0.20 0.0034
4,30 0.0076
5,40 0.0138
0.40 00211
0,50 0,0305
0.70 0.0415
m . 2 8 -¢t)
SPACING, DAY 0.0. YIOLATED,
¢. 10 0.0008
0.20 0.0032
0.3 9.00N
G.40 0.0126
0,5 0.0097
0.60 0,0284
0.7 0. 0387
0,80 0.0506
0.9 0,0641
1.00 0.0792
1.0 0,0960
1.20 0.1142
1.3 0. 1344
1,40 0.1561
1.8 0.1795
1.60 G, 2005
. 0. 204
1.0 0.2599
REACH MO, 3 (€ O
SPACING, DAY 0.0. YIOLATED,
.10 0, 0009
.20 0.0036
REACH HO. 4 {o-£
SPACING, DAY 0.0, VIOLATED,
Q.10 0,0010
0.20 0.0038
.30 &. 0086
0.40 0.0163
0.50 0.0240
0.60 0.0345
AW, 5 (6°F)
SPACING, DAY 0.0. YIOLATED,
a.10 0.0009
.20 09,0037
0,30 10,0084
0,40 G. 0149
0,50 6.0213
0.60 0,033
.10 0. 0457

MKW, § (6 H)

L SPACING, DAY  B.0. YIOUATED,
0.10 0,0005
0.20 0,0021
0.3 0, 0046

- 040 0.0082
0.50 0.0128
0.60 0.0085
.70 0,0251
0.80 0.0029

REACH WO, 7 (N -]

i

SPACING, DAY  D.0. VIOLATED,
o.%0 0.000%
0.20 0.0018

{1 M

SPACING, OAY  D.0. VIOLATED,
0,10 0.0006
0.20 0.0023
0,30 0.0082
0.40 0.0082
0.50 0.0143

REACH 9 {J-L

SPACING, DAY  D.0. VIGLATED,
.10 0.000%
0,20 0.0020
0.2 0.0086
0.40 0.0081
0.50 0.0127

6L 0.60 2.0183
0.70 0.0249
0.80 00825

0,90 0,041
1.00 0.0508
110 0, 0616

/L 1.20 0.003)
1.0 0.0862
1.40 0. 1001
1.50 0.1150
1.60 0.110
1.7 0.1481
1.8 0.1683
1.90 0.1856
2.00 0.2059

"L W (K¢

SPACING, DAY - D.0. VIOLATED,
0,10 0.0004
0.20 0.0018
0.3 0.0039
0.400 0.0070
0.50 o.0116
0.60 0.0158
0.70 02,0216

LS

L

/L

/L

/L

MAUN. W (4N

SPACTNG, DAY  D.0. VIOLATED,
0.0 0.0004
0.20 0.0018
0.% £.0039

¥2__{a-N

SPACING, DAY  D.0. VIOLATED,
0.10 0.0008
0.20 0.0021
0.3 0,0048
0.40 €.0085
0.50 0.0123

13 (M-

SPACING, DAY D.0. VIOLATED,
0.10 0.0006
0.20 0.0024
0. 0,0066
0.40 0.0098

™~ 0.50 0.0153
0.80 0.0220
o.n 0.0300
0.5 0.0392
0.% 0. 0497
1.00 0.0614
130 0.0744
1.20 0,0887
1.% 0.1043
1.40 01212
1.50 0.139)

0. 4 {o-

SPACING, DAY  D.0. VIOLATED,
0.0 0.0006
0.20 0.0022
0.% 0.0050
0.40 0.0088

w. 15 {p-E

SPACING, DAY 0.0, VIOLATED,
0.0 0,0007
0.20 0.0027
0.30 0,006

W. 16 _R-$

SPACING, DAY  D.0. VIOLATED,

©.100.10 0.0006

0.200.20 0,0024

0.300.30 0.0054

0.400.40 0.0005

0.500.50 0.0M8

REACH WO, 17 {S - F}

SPACING, DAY  D.0. YIOLATED,
0.30 0.0008
0.20 0.0032
0.30 0.0072
0.40 0.0128
0.50 0.0200

/L

We/L

e/t

mesL

L8

/L

ek
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NUMERTCAL ILLUSTRATION OF A HYPOTHETICAL STUDY

I. Notation

E. P industrial treatment plant,

t
percent BUD removal of the y

ir
y=1,2, ..., 7.

Ems - percent BOD removal of the sth municipal treatment plant,
s =1, 2, «vuy 7.

DOjk = dissolved oxygen concentration at location j of reach k.

BODjk = BOD concentration at location j of reach k.

« = g K1t
g = ek2t

= k] (e”k’lt _e-kzt)
TR K

11. Values of =, B8, and v

From the data of the hypothetical basin, values of =, g, and vy
in each spacing of quality constraint points were calculated as shown

in the following table.



REACH NO. 1 (A -B")
DISTANCE, DAY a
A-Ry 0.40 0.88692
N-r 0.70 0.81088
REACH ND. 2 (3 - (")
DISTANCE, DAY «
3_3] 0.50  0.86936
31“52 0.90 0.77724
B,-8 1.30  0.69489
BS-C' 1.80  0.6041
REACH NO. 3 (¢ - D7)
DISTANCE, DAY =
c-0" 0.20 0.93801
REACH NO. 4 (D - £7)
DISTANCE, DAY =
D-D, 0.30 0.90303
D]-E° D.60 0.81546
REACH NO. 5 (E - F7}
OISTANCE, DAY =
E-E, 0.30  0.91119
E]-F' 0.70  0.80493
REACH NO. 6 {6 “H")
DISTANCE, DAY «
G-6, 0.40 0.90723
s]~H' 0.80 0.81221
REACH MD. 7 (H ~17)
DISTANCE, DAY «
H-1" 0.20 0.95504
REACH NO. 8 (I -~ M)
. DISTANCE, DAY «
I-M" 0.50  0.86502

[

0.83527
0.72979

8

0.79852
0.66698
0.55711
0.44486

8
0.91393

[

0.87372
0.76338

B

0.86589
0.71462

B

0.86936
0.75578

B
0.93239

.
0.83946

¥

0.10330
1. 16359

. 11668
18162
. 22694
. 26230

o o O o

Q.065926

0. 09061
0.16098

0.08262
0.16468

0.09206
0.17300

0.04341

v
0.12357

8

0.77724
0.60411
0,48675

B
0.75578

B
0.88692

8
0,79852

g

0.79852
0.63763
0.50916

B
0.81873

0.8607

8
0.79453

[

REACH N0. 9 (3 " L7)
DISTANCE, DAY «

3-4 0.70 D0.B3946
J-d, 140 0.70469
JZ-L- 2.00 0.60653
REACH NO. 10 (K “ L7}
DISTANCE, DAY «
K-L” 0.70  0.83946
REACH NO. 11 (L - M}
DISTANCE, DAY =
L-M 0.30 0.92774
REACH NO. 12 (M ~ N7}
DISTANCE, DAY «
M-N~ 0.50 0.87372
REACH NO. 13 (N -E7)
DISTANCE, DAY «
NN 0.50 0,85642
Np-N,  1.00 0.73345
Ny-E©  1.50 0.62814
REACH NO. 14 {0~ P}
DISTANCE, DAY «
0-p~ 0.40 0.91576
REACH NO. 15 (P- E°)
DISTANGE, DAY =
P-E” 0.30 0.92219
REACH NO. 16 (R~ S} -
DISTANCE, DAY =
R-5 0.50 0.89137
REACH NO. 17 ($ - F7)
DISTANCE, DAY =
S-F~ 0.50 0.85642

0.79453

¥
0.14139

0.2285%
0.27222

Y

0.13946

0.06804

v

0.11280

¥

0.12820
0.21217
0.26345

y
0.07624

v
0.07218

0.05683

¥

0.12789

134
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I1I. Inventory Constraints of BOD and D.O.

Using Equations 20 and 21 in Section E, Part IV of this report and
_df values in Section Il of this appendix, constraints of BOD and D.C.

fo ﬁhe regional quglity system was deﬁe]oped as follows. For this cése,
~ the minimum D.0. requirement is 4.0 mg/1, and the saturated D.0. concen-

tration in the streat is assumed equal to 9.0 mg/i.

Reach 1
At A
DO}a = (250 x 7.4 + 5 x 4)/(250 +5)
Dola = 7,33 (1)
BOD]a = [250 x 1.6 + 5 x 500 x (100 - Eil)fIOOJ/(ZSO +5)
255 BOD]a + 25 E11 =_2900 _ (2)
At Ai
0.83527 DO]a - Dola1 - 0.1033 BODia = -1,48257 (3)
At B
0.72979 DO1a =_DO]b - 0.16159 BOD]a = —2°§3189 | (5)
: BOD]b - 0.81058 BOD1a =0 . (6)
Reach 2
At B
DOZb = (260 DO-!b + 35 x 4)/(260 + 35)
295 DO,y - 260 DO, = 140 ‘ (7)

BOD2b = [260 BOD1b + 35 x 380 x (100 - Em])/100]/260 + 35)
295 BOD,, - 260 BODyy + 133 Eq ° 13300 {8)



At BT

0.79852 DOZb - DOZb] - 0.11668 BOD2b = -1.81332
BOD - 0.86936 BOD

0

2b1 2b

At 82

0.66698 DOZb - DOZbZ - 0.18162 BOD2b = -2.99718

BOD,y,, = 0.77724 BOD,, = O

At B,
0.55711 DO,y - DO, 5 - 0.22694 BOD,, = -3.98601
BOD,y 5 = 0.69489 BOD, = 0

At C”

0.44486 DO2b - DO2c - 0.2623 BOD2b = =4,99626

BOD ¢ - 0.60411 BOD,_ =0

2 2b

Reach 3

At C

DO3C = (275 00,. + 6 X 4)/(275 + 6)

281 DO, - 275 DO 24

3c 2¢

BOD3C = {275 BOD,. + 6 x 650 x (100 - Ei2)/100]/(275 + 6)

281 BOD3c - 275 B-OD2C + 39.5 Ei2 = 3950

At D
0.91393 DO3c - DO3d - 0.05926 BOD,, = -0.77463
BOD3d - 0.93801 BOD3c =0
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(20)
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Reach 4

At D
D0,, = (280 DO, + 3 x 4)/(280 + 3)

BOG,, = [280 BOD,, + 3 x 975 x (100 - E,,)/100]/(280 + 3)

283 BOD;y - 280 BOD,y + 20.25 £, = 2925 {22)
At D,
0.87372 D04y = DO,y - 0.09061 BOD,, = -1f13652 (23}
BOD,4q - 0.90303 BOD,, = O (24)
At E
- I
0.76338 DO,y - DO, - 0.16098 BOD,, = -2.12958 {25)
BOD,, - 0.81546 BOD,, = 0 (26)
Reach 6
At G
D0g, = (10 x 7.5 + 8 x 4)/(10 + 8)
006g < 5,95 : ! | (27)
Boo69 --fﬁﬁ*xw1"*’S*X“220"x'fTOO*ﬁ'f;éﬁrﬁﬂoﬂff1trﬂv1ﬁf*"*""“"**“‘”“’*‘“f
- 28
18 BODGQ +17.6 E 5 = 1770 (28)
At G,
0.86936 ooﬁg - Do691 - 0.09206 BODsg = -1.17576 (29)
BODsg] - 0.09123 BonGg =0 (30)



At W
0.75578 DOg - DOg, - 0.163 BODg = -2.19798 (31)
BODg, - 0.81221 BODg, = 0 | | (32)

At H

e ar—

DO]h = {15 DO6h + 5 x 8)/20

20 D0, - 15 DO, = 40 £35)
BOD,, = (15 BODg, +5 x 1)/20
20 80D,y - 15 BODg, = 5 (34)
At I°
0.93239 DO, - DO,, - 0.04341 BOD, = -0.60849 (35)
BOD,, - 0.95504 BOD, = 0 (36)
Reach 8
At I

DOSi = (20 DOyj + 2 x 4)/(20 + 2)

22 DOgy ~ 20 DO,, - 8 (37)

BOD; = [20 BOD,, _ 2 x 550 x (100 - E.,)/1001/(20 + 2)

22 BODg; - 20 BOD,, + 11 E., = 1100 . (33)
At M

' - - \
0.83946 D08_.I - D08rn - 0.12357 BOD,. = -1.44486 (39;

81
BODg,, - 0.86602 BODg, = 0 (40)



Reach 9
At J
DOgj = (25 x 7.6 + 7 x 4)/(25 + 7)
| DOgj = 65.8] |
BOng =_[25 x 0.9+ 7 x 270 x {100 - Em4)/100]/(25 +7)
32 BODUj + 18.9 Em4 = 1912.5
At J,
0.77724 DOgj - Dogj1 - (0.14139 BOng = -2,00484
BOng] - 0.83926 BODgj = 0
At J2
0.60411 Dogj - DO9j2 - 0.22859 BOng = -3,56301
300932 - 0.70469 BOng = 0
At L~

0.48675 Dogj - 0091 - 0.27222 BOng = -4,61925

BODg] - 0.60653 BOng =0
Reach 10
At K
DO]Ok = (28 x 8 + 10 x 4)/( 28 + 10)
BOD1Ok = [28 x 1.2 + 10 x 300 x (100 - Ems)]/(28 + 10)

38 BOD10k + 30 Ems = 3033.6
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(45)
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(47)
(48)

(49)

(50)



At L
0.75578 DO}Ok - DO10L - 0,13946 BOD]Ok = «2,19798
BOD]OL - 0.83946 BOD]Ok =
Reach 11
At L
DOHL = {30 DUQL + 30 DO]OL)/GO
BODHL = (30 BODgL + 30 BQD10L)/60
60 Boo]IL - 30 BODgL - 30 BOD]OL = 0
At M
0.88692 DO”L - DO”m - 0,06804 BOD”L = =7.01772
BODHm - 0.92772 BODHL = 0
Reach 12
At M

DOy, = (60 DOy, + 20 DOg )/80

TiM
80 DOy, ~ 60 DO;; "= 20 DOg = 0
BOD,,,, = (60 BOD;; + 20 BODg )/80

80 BOD]2m - 60 BOD]jm - 20 BODSm = 0

At N

0.79852 DOy, . - D0y, - 0.1128 BODy, = -1.81332
BOD]Zn - 0.87372 BOD]2m =0
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Reach 13
At N
DO]Bn = (84 DO12-n + 4,2 x 4)/(84 + 4.2)
88,2 DO13n - 84 DO]2r1 = 16.8 {61)
BOD?3n = [84 BOD12n + 4,2 x 1040 x (100 - Eis)/100]/(84 + 4.,2)
88.2 BOD13n - 84 BOD12n + 43,68 E1.5 = 4368 (62)
At N1 “
0.79852 DO]3n - DO13n] - 0.1282 BOD]3n = -1,81332 (63)
BOD]3n] - (.85642 E.OD]3n =0 (64)
At N2 |
0.63763 DO13n - DO]3n2 - 0.21217 BOD}3n = «3,26133 (65)
BOD]3l12 - (.73345 BOD]3n =0 (66)
At E-
0.50916 DO]Sn - 0013e - 0,26345 BOD13n = -4,41756 - {67)
BOD]3e - 0,62814 BOD13n = 0‘ {68)
Reach 14
At O
DOM0 = (34 x 7.8+ 7.5 x 4)/(34 + 7.5}
00140 = 7.1 ' (69)
800140 = [34 x 2.1 + 7.5 x 350 x (100 - Ems)/loo]/(34 + 7.5)
41.5 BOD]40 + 26,25 Ems = 2696.4 (70)
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At P~
0.81873 00140 - DO]4P - 0,07624 BOD]40 = -1,63143 (71)
BOD]4p - 0.91576 BOD]40 =0 (72)
Reach 15
At P
D015p = {50 Dol4p + 3.6 x 4)/(50 + 3.6)
5306 DO]Sp - 50 00]4p = 14;:4 (73)
BOD15p = [50 BOD14p + 3.6 x 700 x (100 - EiG)/TOOJ(SO + 3.6}
53.6 BOD15p - 50 BOD]4p + 25.2 E16 = 2520 (74)
At £
BOD]BE - 0.92219 BOD.[5p =0 (76)
Reach 5
At E
DO5e = [(450 - 84 - 50) DO4e + 84 DO-|3e + 50 DO]SE + 12 x 4]
/{450 + 12)
462 005e - 316 DO4e - 84 D0]3e - 50 DOSe = 48 (77)

BOD, = [(450 - 84 - 50) BOD,, + 84 BOD; 3, + 50 80Dy, + 12 x
240 x (100 - Emz)/100]/(450 +12)
462 BOD., - 316 BOD,, - 84 BOD,;, - 50 BOD,;, + 28.8 E , =

2880 | (78)

At E]

0.86589 DOg, - 00 el ~ 0.08262 BOD5e = -1,20699 (79)

5
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BOD;,, - 0.91119 BOD;, = O (80)
At F~
0.71462 DO, - DOg. ~ 0.16468 BOD;, = -2.56842 (81)
BOD; . - 0.80493 BOD;, = O (82)
Reach 16
At R
D06, = (32 x 7.7 +7.5x 4)/(32 + 7.5)
DOyg, 0 (83)
BOD,, . = [32 x 1.5 + 775 x 275 x {100 - Em?)/IOO]/(32 + 7.5
39.5 BOD,,. + 20.625 E , = 2110.5 (84)
At 5
0.79453 DO, . - D0y - 0.09683 BOD, . = -.184923 (85)
BOD ¢ - 0.89137 BOD,g. = 0 (86)
Reach 17
At S
DOy, = (46 DOy  + 2.5 x 4)/(46 + 2.5)
48.5 DO, - 46 D0yc = 10 . (87)
BOD,, = [46 BOD; ;. + 2.5 x 865 x (100 - 517)/100]/(46 +.2.5)
48.5 BOD;, - 46 BOD;g  + 21.625 E ., = 2162.5 (88)
At F~
0.79453 DO, - D0y, - 0.12789 BOD,, = -1¢84923 (89)

BOD, 74 - 0.85642 BOD;z, = 0 (90)



At F

Iv.

]:

20

DOy;¢¢ = [{500 - 46) DO;, + 46 DO;,.1/500

500 DO}?ff - 454 DOSf - 46 DO

BODy 744 =

500 BOD17ff - 454 BOD5f - 46 BOD17f =0

17f

[(500 - 46) BOD5f

Grouping of Treatment Zones

=0

Treatment zones f-om sub-basin ¢«iterion

Zone No,

]

2
3
4
5
6

Sub-basin

Ny -

Sy N A W

+ 46 BOD17f]/500

Treatment Plant

I, 12, 13, M1, M2

14,

M4

15,
16,
I7,

M3

M5
M6
M7

Treatment zones from weight of influent BOD

Zone No.

BOD, Tbs/day

5,933
9.493
10,193
11,124
11,663
13,484 -
13,592
14,158
15,533
15,776
16,181
21,035
23,559
71,734

Treatment Plant

I4
M3
M4
M7
17
n
I7
M6
M2
I3
M5
12
I5
M1

144
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3. Treatment zones from BOD-flow ratio

Zone No. BOD-flow Ratio, 107° Treatment Plant
] 6.24 M2
" 9.87 I
" 10.34 I3
¥ 13.88 12
2 ' 44 60 17
" 45 .10 M1
" 47 .03 16
” 49 54 i5
" 50.02 14
" he .24 M7
3 59.09 M4
" 63.28 M6
4 78,98 M5
5 97.82 M3

V. Objective Function of System Optimization

The total weight =f BOD removal, in pounds per day, from all treat-

ment plants in the basin is the objective function. It is given by

pounds = :E_{:nf’ow x Influent BOD concentration x % BOD removal)
= {5 x 500 Ej} + 6 x 650 EiZ + 3 x 975 Ei3 + 2 X 550 E14 *
4.2 x 1040 515 + 3.6 x 700 Eiﬁ + 2.5 x 865 Ei? + 35 x
380 Enﬂ + 12 x 240 EmZ + 8 x 220 Em3 + 2 x 270 Em4 -
10 x 300 Em5 + 7.5 x 350 Em6 + 7.5 x 275 Emy)c/IOO,
where

¢ = cgnversion factor

I

1 ¢fs = 0.646 million gals/day

1 mg/1 = 8.345 1bs/million gals.



VI.
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c = 0.0646 x 8.345 = 5,39,
therefore

| pounds = 134.75 Eﬂ + 212,905 E,E + 1567.657 EiB + 59.29 E1¢ +

2

235.435 E,. + 135.828 E.. + 116.558 E., + 716.87 E_., +
' i i7 m1

15 6

155,232 Em2 + 94,864 Em3 + 101.871 Em4 + 161.7 Es *

141,487 Eg * 11],168 Em?.

Linear Programming Formation of Water Quality System

. Minimum treatment management - different percent BOD removal at
each treatment plant is allowed.
Minimize
the objective function in Section V
subject to

constraints 1 to 92 in Section III.

2. Uniform treatment management.

Minimize
the objective function in Section V
subject to
constraints 1 to 92 in Section III and
constraints
O I Iy £
3.Zone treatment from sub-basin criterion
Minimize
the objective function in Section V

subject to
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constraints 1 to 92 in Section III, and

Ei1 =B, = E;q=E ., =E

i2 i3 m1 m2’
Ei4 - Em3 ’
Ei5 ) Em5 ;
Ei6 ) Emﬁ , and
Ey7 * Eare

- 4. Zone-treatment from the criterion of infiuent BOD weight.
Minimize
the objective function in Section V

subject to

constraints 1 to 92 in Section {II and

E14 N Em3 :

Ema = En7 = By7 = By1 = Big = Eog = Eyp = By3 = Eps o
Eio * Ei5 o

Eyg ZEpa |

Eng = Eyp » and

Big 2 Em

5. Zone~-treatment from the criterion of BOD-flow ratio.
Minimize
the objective function in Section V
subject to |
constraints 1 to 92 in Section III, and

En2 = Eiqy = Es;n = L

il i3 i2 ?

E

E

H

i7 = Em = Big = Ey5 = Eyq = Eyz »
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