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REPUBLICAN RIVER COMPACT
Method for Dealing with Flood Flows
Federal Team Perspective

Draft
Confidential - For Settlement Purposes Only
9/10/02

Background: The plan to use a 5 year running average to account for both the states’ allocations and
their consumptive use presents a problem when dealing with higher flood flow years. A 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 a problem if the flood flow for a 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 4 year accounting and allocated to the states in those years. As a 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 a 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.

A similar problem does not exist for the low flow drought years as all of the water in those years 1s
useable either through direct diversion or reservoir storage.

Federal Evaluation: The three states and the U. S. all agree that some adjustment is needed to

remove the larger flood flows from the 5 year running average. The Federal reservoirs provide a
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 a good indication of the quantity of flood water that is unused

by the three states.

The annual flow volume, 5 consecutive month max flow volume and 2 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 a return period and percentile values it does
not treat the data set correctly for a flood frequency type analysis. Excel apparently treats the data set
as finite computing a 100 percentile figure for the highest flow value and a 0 percentile figure for the
lowest value. Since the 40 year set of data is only a sample set of the total flow events the commonly
used equation Tr =(n+1)/m was used to compute return periods where Tr equals the return period, n
equals the number of years of record and m is the rank of the event. These return periods were then
plotted against the runoff volumes to determine if a 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 a definite break in the curve when
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annual flows exceeded 410,000 acre-feet (10 year flood or 90 percentile year), and when the 5-month
max flow volume exceeded about 325,000 acre-feet (12 year return period). The 2-month max flow
volumes did not provide a smooth distribution above a 75 percentile flow. This is likely due to the fact
that 2 months is not sufficient time for Harlan County Reservoir to route flows larger than a 75
percentile event. The annual flows plotted on the probability paper shows a good linear fituptoa
return period of 10 years but beyond that the points formed a 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 a point by
the reservoirs in the basin, primarily Harlan County Reservoir. The reservoirs are capable of providing
good regulation of flows up to a 10 year runoff event but beyond that the excess flow is passed on
downstream at a 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 410,000 acre-feet and 5-month max flows above
about 325,000 acre-feet should be removed from the 5 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.
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Republican River @ Hardy, NE

1962-2001

}994-2108 MO|4 XB\ YJUOW -Z

o
S
e
o
o

30.00 35.00 40.00 45.00

25.00
Return Period in Years

10.00 15.00 20.00

5.00

0.00

DNR 003001



144

6y

€L

8’6

(243
ER43
LLL
S'6L
(44
vve
8'9Z
€62
e
L've
9'9¢
0'6¢
Sy
SR> 4
<14
814
(3]
L'es
1’95
5’85
o'lg
y'e9
6'G9
€88
L'0L
eL
9'SL
1873
§'08
628
b's8
88
c06
Lz8
L's6
9'.6

apuasiagd

ov
6€
8¢
A
9e
Se
ve

e
3

DO N®YTWON~NDDQ
22 deIReER2RIARIACTARIAA

- N O WO~

98y'61
95¥'s2
1so'ze
95€'2¢
806'8€
6SP'0P
0ze' LY
EPPLY
v8¥'Zy
z9e'9y
€oe'oy
851'8¥
610'1S
6£6'95
€6€'65 .
SeY'e9
€26'69
[4AYR YA
szi'eL
€66'SL
19284
9gL'08
881'€8
viLL8
898'L6
S+0'66
€90°v0L
808'904
SS8°201
161°CH1
8iz'elt
L0L'SLL
819'6€1
SSeiavl
692'.51
162'v91
¥99°'861
34 74
115'692
S€5'282

w Buipussaq

SWNJOA XeW

quey HIUON-C
SMO|d XB YIUON-2

€0} 1661
S0'b zL61
80’4 9161
[T 1164
[N} 0002
L 6961
1z 0664
¥Z'L 1861
8Z'L 961
ze'L 8861
pus 9861
WL 8.6L
o'l 0861
(40 5861
85} 8964
y9'L 6661
[y 1164
8Lk 1002
og'l z661
S6's 8661
S0'Z 1661
91z 616}
8zZ 0.6}
W vL6l
95T SL64
€12 661
£6'C 6964
s1'e £961
ev'e 1861}
€Le £861
o'y 9961
95y 2864
€l's G661
98's 9661
£8°9 ¥861
oz's €46} _
SZ'0) G961
L9°EL 2964
0502 €661
00ty 2961
wy(i+u)
pouad
wnjay HVIA

vz
X4

€1

8'6

el
vl
VL
56l
0zz
24
8'9¢e
£'62
e
L've
g'9e
0’68
Sy
6'EY
eop
g8y
TS
185
1'98
g8y
o'l9
v'e9
6'59
£89
oL
zeL
9'5L
0'8L
508
628
¥'s8
9.8
z06
126
1’56
946

apuadied

N M T WO N OO N Y WO NOONO

~ N M WD O~ ©

juey
SMO|4 XBI YJUOW-G

2Lh've
059'tS
221'sS
£29'09
995'v9
804'¥9
62¥'59
szi'oL
¥8¥'0L
2152
8¢'18
150'e8
109'/8
LYE'S6
085'26
o¥S'00k
£2¥'904
68P vl
SEY'SZL
9gi*z2y
¥68' 221
zys'szh
lzL'sek
152'8v)
L£6'8S)
169'SL}
cov'o8L
659'081
[47%4°1)
Liv'i81
682'802
508'80Z
8v9'elZ
lge'0ze
9S¥'IST
2e0's6T
cov'zie
0S5'eve
161'e9¥
8eT'cLY

Buipuassap

DUWN|OA XEW
WUOW -5

L002-2961

€0’} 1661
S0'} zi61
80°'L 6861
(A 926t
14N 0002
LV Y961
A 8861
¥l 8161
8Z'} 126}
zeL 0661
184 1864
L 0861
o't 9861
442 2661
85’} 116}
yo'L 6661
(WA 8961
8L 8661
9g'L S64
S6'4 S861
S0C 6261
T4 1661
827¢ 1002
W 061
95z €96k
€22 ¥661
€62 1861
Sk'e ¥.l61
e 5661
€L'E 2861
oLy 9961
95y 6961
eF's €861
98's €64
£8'9 ¥861
0z'8 9661
SZ04 1961
9¢L 5961
0502 2961
00'L ¢ €664
wy(}+u)
pouad
wmay{

3N 'AQHVH YV3AN ¥3A NvII18Nd3y

ve ov
6% 6€
€L 8€
8'6 i
(44 9e
vt GE
Vb ye
S'6l €€
oze ce
vve e
8'9¢ oe
£6C 62
Lie 82
(N2> 2
9'9e 9
0'6e 14
Sy ¥e
6'ey €e
14 [44
88y 74
2'ls [e74
L'eS 64
L'es 8}
S'8S FAs
0'ig 9}
v'eg Sl
6'69 14;
€89 €
0L (43
TeL 13
9§ ol
0'8L 6

S08 8

6¢8 A

¥'S8 9

8.8 S

(443 v

228 €

1’66 4

926 '

w
HVIA dnuaaed  yuey

l26'6Y €0k
€82'¥6 S04
864'96 80'}
€21'001 (33
8/8'¥01 vi'
€52'804 A
€LE'9L1 12
v20'614 yT'L
996'€T) 8z’
9Sh'Le) [4 41
919'CEL PANE
62E'EEL 2 s
095'e¥h o¥'L
09€'054 [433
105'951 8s')
9z€e'191 v9'L
2z1'89} L
JAZA ] 844
226'.8) 98’
258'L61 S6°L
89L°'10¢ S0z
9€8'102 gi'e
182'2ig 8e¢C
L6E'E12 (344
028'8€T 952
5L0'6£2 €L¢
206'6€2 €6'C
8pS'85¢ Si'e
900’522 Zre
€98'162 €L'e
1SE'GLE 1178 4
L6S'9EE 95’y
L18'zoe €L's
G92'E9E 98's
LSL'p8e £€8'9
686'16E oz'g
598'91 ¥ sZot
LoV L¥S L9E}
022’265 050
18L'evL 00’y
Buipuassap wi(}+u)
}98)-aloe pouad
MO|4 [enuuy wnay
SMO|4 |enuuy

1661
0002
6861
9/6%
0861
[41:13
Li61
2661
8864
0861
961
1861
8,61
116}
1002
6661
8961
9861
G461
866}
0464
6.6l
5864
1661
G661
vi6L
661
1861
286k
€961
996}
861
€464
6961
9661
€861
196}
G961
296}
€661

dY3A

DNR 003002



