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Method for Dealing with Flood Flows
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Background The plan to use year running average to account for both the states allocations and

their consumptive use presents problem when dealing with higher flood flow years large portion of

the flood flows are not useable by any of the three states as this water is considerable more than can be

stored or diverted for beneficial use This surplus water simply flows from the Basin untouched This

would not be problem if the flood flow for given year was allocated to the states in that specific year

as this would simply result in an unused allocation for that year However under the running average

accounting method this is not the case as most if not all of the unused flood water is carried into the

next year accounting and allocated to the states in those years As result the allocations are

artificially large in the later years exceeding the actual water supply physically available for use during

those years The consequence of this is state either under uses its allocation or it pumps groundwater

beyond the groundwater recharge capability This results in groundwater mining further depleting the

future surface water supply and increasing water shortages for surface users and the downstream states

similarproblem does not exist for the low flow drought years as all of the water in those years is

useable either through direct diversion or reservoir storage

Federal Evaluation The three states and the all agree that some adjustment is needed to

remove the larger flood flows from the year running average The Federal reservoirs provide

certain degree of flood regulation that allows the states to beneficially use flood water occurring during

smaller flood events but this is not the case for larger
floods as large extended spills are necessary from

Harlan County and other reservoirs to pass flows during high flood runoff Generally speaking the

Republican River flow at Hardy provides good indication of the quantity of flood water that is unused

by the three states

The annual flow volume consecutive month max flow volume and consecutive month max flow

volume at Hardy were analyzed for the years 1962 through 2001 to determine flood return periods

Although the Excel spread sheet can be used to calculate return period and percentile values it does

not treat the data set correctly for flood frequency type analysis Excel apparently treats the data set

as fimte computing 100 percentile figure for the highest flow value and percentile figure for the

lowest value Since the 40 year set of data is only sample set of the total flow events the commonly

used equation Tr n1/m was used to compute return periods where Tr equals the return period

equals the number of years of record and is the rank of the event These return periods were then

plotted against the runoff volumes to determine if flood level could be identified where flood flows

were clearly above what could reasonably be used Both regular graph paper and probability paper

was used for the annual flows These graphs showed that there was definite break in the curve when



annual flows exceeded 410000 acre-feet 10 year flood or 90 percentile year and when the 5-month

max flow volume exceeded about 325000 acre-feet 12 year return period The 2-month max flow

volumes did not provide smooth distribution above 75 percentile flow This is likely due to the fact

that months is not sufficient time for Harlan County Reservoir to route flows larger than 75

percentile event The annual flows plotted on the probability paper shows good linear fit up to

return period of 10 years but beyond that the points formed separate linear line These breaks in the

graphs are likely due to the fact that the runoff is not naturally occurring but is regulated up to point by

the reservoirs in the basin primarily Harlan County Reservoir The reservoirs are capable of providing

good regulation of flows up to 10 year runoff event but beyond that the excess flow is passed on

downstream at fairly high flow rate Thus the flow events do not form one normal frequency

distribution pattern but two separate patterns

This evaluation indicates that annual flows above 410000 acre-feet and 5-month max flows above

about 325000 acre-feet should be removed from the year running averages as these higher flows are

not available for use in the Basin by any of the three states due to the inability of the existing reservoirs

to store or regulate them for later use



8
0
0
0
0
0

7
0
0
0
0
0

6
0
0
0
0
0

5
0
0
0
0
0

4
0
0
0
0
0

3
0
0

0
0
0

2
0
0
0
0
0

1
0
0
0
0
0

R
e
p
u
b
li
c
a
n

R
iv

e
r

H
a
rd

y
N

E

1
9
6
2

-2
0
0
1

4
5
.0

0
2
0
.0

0
2
5
.0

0

R
e
tu

rn
P

e
ri
o
d

in
Y

e
a
rs



R
e
p
u
b
li
c
a
n

R
iv

e
r

H
a
rd

y
N

E

9
6
2
-2

0
0
1

5
0
0
0
0
0

p
y
.ç
r

tP
fR

M
$

n
iK

jt
jj
R

J
4
5
0
0
0
0

J
m

rA
d
iw

v
1
I

i
i

3
t

9
V

jj

4
0
0
0
0
0

jJ
1

4
1
J
4
4

A
p
v
j

fr
4
i
i

3
5
0
0
0
0

i
t
t

V
jq

T
ir

im
L
r
a

is
v

3
0
0

0
0
0
L

q
j

tq
p
ij
s

w
t

f
j

U
W

N
fl

W
Q

P
IF

IN
I
I
I

2
5
0
0
0
0

.
r

j4

2
0
0
0
0
0

r
S

tl
P

t
ff
h
Ii
M

s
P

M
1
S

S
rd

h
1
5
0

0
0
0

J
J
L
lt
t
i
l
l
l
i
t

1
0
0
0
0
0

c
ia

tI
W

lF
e

t
U

fl
1

m
U

rt
U

iW
0
.0

0
5
.0

0
1
0
.0

0
1
5
.0

0
2
0
.0

0
2
5
.0

0
3
0
.0

0
3
5
.0

0
4
0
.0

0
4
5
.0

0

R
e
tu

rn
P

e
ri
o
d

in
Y

e
a
rs



3
0
0
0
0
0

2
5
0
0
0
0

2
0
0
0
0
0

L
i.

1
5
0
0
0
0

c
4

5
0
0
0
0

R
e
p
u
b
li
c
a
n

R
iv

e
r

H
a
rd

y
N

E

1
9
6
2
-2

0
0
1

4
5
.0

0
0
.0

0
5
.0

0
1
0
.0

0
1
5
.0

0
2
0
.0

0
2
5
.0

0
3
0
.0

0
3
5
.0

0
4
0
.0

0

R
e
tu

rn
P

e
ri
o
d

in
Y

e
a
rs



R
E

P
U

B
LI

C
A

N
R

IV
E

R
N

E
A

R
H

A
R

D
Y

N
E

1
9
6
2
-2

0
0
1

A
n
n
u
a
l

F
lo

w
s

5
-M

o
n
th

M
ax

F
lo

w
s

2
-M

o
n

th
M

ax
F

lo
w

s
Y

E
A

R
R

e
tu

rn
A

n
n
u
a
l

F
lo

w
R

an
k

P
e
rc

e
n
ti
le

Y
E

A
R

R
e
tu

rn
5
-

M
o
n
th

R
an

k
P

e
rc

e
n
ti
le

Y
E

A
R

R
e
tu

rn
2

-M
o

n
th

R
an

k
P

e
rc

e
n

ti
le

P
e
ri
o
d

a
c
re

-f
e
e
t

P
e
ri
o
d

M
ax

V
o
lu

m
e

P
e
ri
o
d

M
ax

V
o

lu
m

e

n
1
/m

d
e
s
c
e
n
d
in

g
n
1
/m

d
e
s
c
e
n
d
in

g
n

1
/m

D
e

s
e

n
d

in
g

rn

1
9
9
3

4
1
.0

0
7
4
3
1
8
7

9
7
.6

4
1
.0

0
4
7
3
2
3
8

9
7
.6

1
9

6
2

4
1
.0

0
2

8
2

5
3

5
9
7
.6

1
9
6
2

2
0
.5

0
5
9
2
2
2
0

9
5
.1

1
9
6
2

2
0
.5

0
4
6
3
1
9
1

9
5
.1

1
9

9
3

2
0
.5

0
2

4
9

5
1

7
9

5
1

1
9
6
5

1
3
6
7

5
4
1
4
0
1

9
2
.7

1
9
6
5

1
3
.6

7
3
4
3
5
5
0

9
2
.7

1
9

6
7

1
3
.6

7
2

4
7

1
3

1
9
2
.7

1
9
6
7

1
0
.2

5
4
1
6
8
6
5

9
0
.2

\6
7

1
0
.2

5
3
1
2
4
0
2

9
0
.2

1
9

6
5

1
0
.2

5
1

9
8

6
6

4
9
0
.2

1
9
8
3

8
2
0

3
9
1
9
8
9

8
7
.8

1
9
9
6

8
.2

0
2
9
5
0
3
2

8
7
.8

T
h

7
3

8
.2

0
1

6
4

7
9

1
8
7
.8

1
9
9
6

6
8
3

3
8
4
1
5
1

8
5
.4

1
9
8
4

6
.8

3
2
5
1
4
5
6

8
5
.4

1
9

8
4

6
.8

3
1

5
7

2
6

9
8
5
.4

1
9
6
9

5
8
6

3
6
3
2
6
5

8
2
9

1
9
7
3

5
.8

6
2
2
0
2
3
7

8
2
.9

1
9

9
6

5
.8

6
1

4
6

.2
5

5
8
2
.9

1
9
7
3

5
.1

3
3
6
2
8
1
1

8
0
.5

1
9
8
3

5
.1

3
2
1
3
6
4
8

8
0
.5

1
9

9
5

5
.1

3
1

3
9

6
1

8
8
0
.5

1
9
8
4

4
5
6

3
3
6
5
9
7

7
8
0

1
9
6
9

4
.5

6
2
0
8
8
0
5

7
8
.0

1
9

8
2

4
.5

6
1

1
5

1
0

1
7
8
.0

1
9
6
6

4
.1

0
3
1
5
.3

5
1

10
7
5
.6

1
9
6
6

4
.1

0
2
0
8
7
8
9

10
7
5
.6

1
9

6
6

4
.1

0
1

1
3

2
1

8
10

7
5
.6

1
9
6
3

3
.7

3
2
9
1
.8

6
3

11
7
3
2

19
R

2
3
.7

3
1
8
7
4
1
1

11
7
3
.2

1
9

8
3

3
.7

3
1

1
2

1
9

1
I
l

7
3
.2

1
9
8
2

3
.4

2
2
7
5
0
0
4

12
7
0
.7

1
9
9
5

3
.4

2
1
8
2
7
4
2

12
7
0
.7

1
9

8
7

3
.4

2
1

0
7

8
5

5
12

7
0
.7

1
9
8
7

3
.1

5
2
5
8
5
4
8

13
6
8
.3

1
9
7
4

3
.1

5
1
8
0
6
5
9

13
6
8
.3

1
9

6
3

3
.1

5
1

0
6

8
0

8
13

6
8
.3

1
9
9
4

2
.9

3
2
3
9
9
0
7

14
6
5
.9

1
9
8
7

2
.9

3
1
8
0
4
0
2

14
6
5
.9

1
9

6
9

2
.9

3
1

0
4

0
6

3
14

6
5
9

1
9
7
4

2
.7

3
2
3
9
0
1
5

15
6
3
.4

1
9
9
4

2
.7

3
1
7
3
6
9
7

15
6
3
.4

1
9

9
4

2
.7

3
9

9
0

4
5

15
6
3
.4

1
9
9
5

2
.5

6
2
3
8
8
2
0

16
6
1
.0

1
9
6
3

2
5
6

1
5
8
9
3
7

16
6
1
.0

1
9

7
5

2
.5

6
9

1
8

6
8

16
6
1
.0

1
9
9
7

2
.4

1
2
1
3
3
9
7

17
5
8
.5

1
9
7
0

2
.4

1
1
4
8
7
5
7

17
5
8
5

1
9

7
4

2
4

1
8
7
.7

7
4

17
5
8
5

1
9
8
5

2
.2

8
2
1
2
7
8
1

18
5
6
.1

2
0
0
1

2
.2

8
1
3
5
7
2
7

18
5
6
.1

1
9

7
0

2
.2

8
8

3
4

8
8

18
5
6
.1

1
9
7
9

16
2
0
1
8
3
6

19
5
3
.7

1
9
9
7

2
.1

6
1
2
8
5
4
2

19
5
3
.7

1
9

7
9

2
.1

6
8

0
1

8
6

19
5
3
.7

1
9
7
0

2
.0

5
2
0
1
1
6
8

20
5
1
.2

1
9
7
9

2
.0

5
1
2
7
8
9
4

2
0

5
1
.2

1
9

9
7

2
.0

5
7

8
7

6
7

2
0

5
1
.2

1
9
9
8

1
.9

5
1
9
7
8
5
2

21
4
8
8

1
9
8
5

1
.9

5
1
2
7
.1

6
6

21
4
8
.8

1
9

9
8

1
.9

5
7

5
9

9
3

21
4
8
.8

1
9
7
5

1
.8

6
1
8
7
9
2
2

2
2

4
6
3

1
9
7
5

1
.8

6
1
2
5
4
3
5

2
2

4
6
.3

1
9

9
2

1
.8

6
7

2
1

2
5

2
2

4
6
.3

1
9
8
6

1
.7

8
1
8
0
2
4
7

2
3

4
3
.9

1
9
9
8

1
.7

8
1
2
4
4
8
9

2
3

4
3
.9

2
0

0
1

1
.7

8
7

1
7

1
2

2
3

4
3
9

1
0
6
8

1
.7

1
1
6
8
1
2
2

2
4

4
1
.5

1
9
6
8

71
1
0
6
4
2
3

2
4

4
1
.5

1
9

7
7

1
.7

1
6

9
9

7
3

24
4
1
.5

1
9
9
9

1
.6

4
1
6
1
3
2
6

2
5

3
9
.0

1
9
9
9

1
.6

4
1
0
0
5
4
0

2
5

3
9
.0

1
9

9
9

1
.6

4
6

3
4

2
5

2
5

3
9
.0

2
0
0
1

1
.5

8
1
5
6
5
0
7

2
6

3
6
.6

1
9
7
7

1
.5

8
9
7
5
8
0

2
6

3
6
.6

1
9

6
8

1
.5

8
5

9
3

5
3

2
6

3
6
.6

1
9
7
7

1
.5

2
1
5
0
3
6
0

2
7

3
4
.1

1
9
9
2

1
.5

2
9
5
3
4
7

2
7

3
4
.1

1
9

8
5

1
.5

2
5

6
9

3
9

27
3
4
.1

1
9
7
8

4
6

1
4
3
5
6
0

2
8

3
1
.7

1
9
8
6

1
.4

6
8
7
6
0
1

2
8

3
1
.7

1
9

8
0

1
.4

6
5

1
0

1
9

2
8

3
1
.7

19
81

1
.4

1
1
3
3
3
2
9

29
2
9
.3

1
9
8
0

1
.4

1
8
3
0
5
7

2
9

2
9
.3

1
9

7
8

1
.4

1
4

8
1

5
8

2
9

2
9
.3

1
9
6
4

1
.3

7
1
3
2
6
1
6

3
0

2
6
.8

19
81

1
.3

7
8
1
4
8
7

3
0

2
6
.8

1
9

8
8

1
.3

7
4

6
3

8
3

3
0

2
6
.8

1
9
8
0

1
.3

2
1
2
7
1
5
6

31
2
4
.4

1
9
9
0

1
.3

2
7
5
7
4
7

31
2
4
.4

1
9

8
8

1
.3

2
4

6
3

6
2

31
2
4
.4

1
9
8
8

1
.2

8
1
2
3
9
6
6

3
2

2
2
.0

19
71

1
.2

8
7
0
4
8
4

3
2

2
2
.0

1
9

6
4

1
.2

8
4

2
4

8
4

3
2

2
2
.0

1
9
9
2

2
4

1
1
9
0
7
4

3
3

1
9
.5

1
9
7
8

1
.2

4
7
0
.1

2
6

3
3

1
9
.5

19
81

1
.2

4
4

1
4

4
3

3
3

1
9
.5

19
71

1
.2

1
1
1
6
3
7
3

3
4

1
7
.1

1
9
8
8

1
.2

1
6
5
4
2
9

3
4

1
7
.1

1
9

9
0

1
.2

1
4

1
3

2
0

34
1
7
.1

1
9
7
2

1
.1

7
1
0
8
2
5
3

3
5

1
4
.6

1
9
6
4

1
.1

7
6
4
.7

0
8

3
5

1
4
.6

1
9

8
9

1
.1

7
4

0
4

5
9

3
5

1
4
.6

1
9
9
0

1
.1

4
1
0
4
8
7
8

3
6

1
2
.2

2
0
0
0

1
.1

4
6
4
5
6
6

3
6

1
2
.2

2
0

0
0

1
.1

4
3

8
9

0
8

3
6

1
2
.2

1
9
7
6

1
.1

1
1
0
0
.1

2
3

37
9
.8

1
9
7
6

1
.1

1
b
O

b
3

3
1

9
.8

19
71

1
.1

1
3

2
3

5
6

37
9
.8

1
9
8
9

1
.0

8
9
6
7
9
8

3
8

7
.3

1
9
8
9

1
.0

8
5
5
7
2
7

3
8

7
.3

1
9

7
6

1
.0

8
3

2
0

5
1

3
8

7
.3

2
0
0
0

1
.0

5
9
4
2
8
3

3
9

4
.9

1
9
7
2

1
.0

5
5
1
6
5
0

3
9

4
.9

1
9

7
2

1
.0

5
2

5
4

5
6

39
4
.9

19
91

1
.0

3
4
9
9
2
7

4
0

2
4

19
91

1
.0

3
3
4
1
7
2

4
0

2
.4

19
91

1
.0

3
1

9
4

8
6

4
0

2
.4


