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1. Introduction and Background

= This report describes an analysis of the effects of proposed changes in Grand Lake
(Oklahoma) power-pool elevations on maximum water-surface elevations in the Neosho
River during passage of a major flood. The purpose is to detnonstrate that raising the

= powet-pool elevation from 741 ft PD (Pensacola Dam datum) to levels as high as 745 ft
PD will have negligible to minimal effects on maximum flood elevations in the vicinity
of Miami, Oklahoma.

L

The analysis is based on use of the same reservoir and river computational model that the
author used 1o provide technical support for the litigation Dalrymple, et al vs, Grand

e River Dam Authority, Case CJ 94-444, District Court of Ottawa County, Miami, OK.
That analysis is described in detail in Holly {2001},

=i
~ H. Model Basis
= The model description herein is taken largely from Holly (2001}, The model includes the
Neosho. River from the Commerce Gage (RM 153.4) down to approximately Pensacola
- Dam (RM 86.07), and includes short sections of the Elk and Spring Rivers.
The river basin mogel is based on the fully dynamic unsteady flow equations in the river
- channel, and on non-inertial unsteady flow on the flood plains in areas of strong channel
sinuosity, in particular upstream of the City of Miami. The C1/C2 software, written by
the referee in the late 70°s and in continuous industrial use by him and others since then,
- solves the de 51. Venant equations for unsteady flow on a grid of cross sections in the
river. The Ci/C2 software was developed in close collsboration with Dr. Alexandre
Preissmann, and uses the same Preissmann four-point numerical method that is used in
- other standard simulators such as UNET, DWOPR, DAMBRK, etc.
The C1/C2 software also solves the non-inertial flow and storage equations on a neiwork
- of flood-plain ceils connected to each other and to the river channel through weir-type

and fluvial-type representations of overland and overbank flow exchanges. The portions
of the HEC-2 cross sections corresponding to the river channel, as used in the litigation,
@ were retained for the unsteady flow medeling. The overbank portions of these sections
were also retained for the river downstream of Miami. Upstream of Miami, the overbank
portions of these cross sections were used, along with digital terrain maps provided by
| the Plaintiffs and Defense, to define the flood-plain cell topographies and their associated
weir-type and fluvial-type flow exchanges,

B The overali purpose of this expanded modeling approach is to capture, as faithfully as
possible in a one-dimensional modeling context, the dynamic storage effects of flood
plain areas where the highly sinuous channel meanders within the flood plain, in

8 particular upstream of Miami. The general purpose of using an unsteady flow approach
is to capture dynamic effects in the relation between water level and discharge; and to
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] obviate the need to make any assumptions regarding lag effects of tributary discharges to
the Neosho River,

L] The temporal records of inflow discharge at the Commerce (Neosho River), Tiff City
(Elk River) and Quawpaw (Spring River) gages were used, with uniform slight
adjustments to reflect the apparent ongaged ﬂow contributions as estimated by the

L Defense experts in the litigation,

The channel and floodplain roughnesses, floodplain cell configurations, and associated
@ weir-type and fluvial-type exchanges among flood cells and between flood cells and the
river, were slightly adjusted in Holly (2001) based on comparison with reported high-
water marks through multiple repetitive model runs under with-dam conditions. It should
- be noted that since the C1/C2 model includes independent descriptions of channel,
overbank, and flood-plain exchange roughnesses, it is not appropriate to force
roughnesses to depend on discharge as part of the calibration.

[}
= I, Selection of Flood for Analysis
During the litigation, it was clear that the flood of June 1995 was the most severe of the
= 14 floods that were the subject of the proceedings, with respect to the effect of Pensacola
Dam in increasing water-surface elevations in the Miami area during a flood. This flood,
- designated Flood 13, occurred from about 2 — 22 June 1995, and had peak discharges at
' the Commerce, Tiff City, and Quawpaw gages of approximately 70,000 cfs, 67,000 cfs,
and 74,000 cfs, respectively.  Since this flood represents conditions that actually
P occurred and caused extensive flooding in the Miami arca, rather thar representing a
theoretical situation, it provides a usefut reference for the power-pool anatyses herein. It
should be noted, however, that the actual Grand Lake levels during Flood 13 were
o considerably higher than the power-pool elevations analyzed in this study.
For the present analysis, the Flood 13 input hydrographs were run for five constant
& Pensacola Dam pool levels: 741 ft, 742 ft, 743 fi, 744 f1, and 745 ft PD. The model itseif
i based on the NGVD datum, where NGVD = PD + 1,07 ft.
a For each run, the model was first allowed to stabilize at a steady-flow condition using the

inflow discharges values on 2 June 1995, the designated beginning of Flood 13. Then,

with the Pensacola Dam level held constant at the indicated value, the full 20-day flood
& hydrographs were allowed to run through the model, filling and emptying the channel and

flood plains as the flood passed through, with a 15-minute time step. The simulation

program, C1/C2, wrote discharges and water levels at computational points in the Neosho
@ River channel to an output file. This output file was then processed using a Fortran

program designed to detect the maximum NGVD elevations observed during the passage

of the flood at each of the computational points, This program then wrote the results to a
s file that conld be imported into & spreadsheet for the analyses shown further on,
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@ : IV. Results of Computations

Figure 1 shows the envelope of maximum water surface-elevations detected during the
- passage of Flood 13 at the computational points in the Neosho River channel, for each of
the five power-pool levels (note that although the power-pool levels are referenced in the
PD datum, all results are shown in the NGVD datum). The profiles extend from
e Pensacola Dam on the left to Commerce Gage on the right. One can note that the 144
bridges are at about RM 142; Tar Creek is at about RM 142.5; and the Miami Main Street
{(Hwy £25) bridge is at RM 143.7. For practical purposes, one can consider RM 142.0 to

@ be the downstream limit of developed areas in the vicinity of Miami along the Neosho.
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-} Figure 1, Water-Surface Envelope Profiles for
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] Figure 2 shows the increase in maximum water-surface elevations during Flood 13 for

power-pool levels of 743, 744, and 745 ft PD compared to a reference of 742 ft PD, from
Pensacols Dam to the Commerce Gage. At RM 142, the increase in maximum water-
@ surface elevation caused by raising the power pool from 142 ft PD to 145 ft PD is
approximately 0.2 feet, decreasing to less than 0.1 ft at RM 144 and further upstream.
The effect is progressively less for pool-level increases to 144 and 143 ft PD,

] respectively. '
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Figure 2. Effect of Raised Power Pool, Flood 13
e
o Appendix 1 includes the tabular data from which Figures 1 and 2 were exiracted; the data
columns should be self-explanatory.
& V. Discnssion
It is apparent from the analysis and the resulting Figures that Miami is located just
@ upstream of the zone of significant flood-level effects that would resuit from raising the

Pensacola Dam power pool to 745 ft PD. Indeed, the river steepens significantly
upstream of about RM 139, effectively eliminating significant backwater effects
& upstream of that point. The effect of raising the power pool by three feet (10 745 fi PD) is
Jess than about 0.2 feet of maximum flood level just downstream of Miami, and
progressively less at upstream locations and for lesser changes in power pool level.

&
References

8 Holly, F.M. Jr., (2001), “Flood Level and Duration Determination — Neosho River Below
Commerce Gage”, Limited Distribution Report No. 292, NIIHR Hydroscience &
Engineering, The University of lowa, lowa City, TA, April.

&

@

B


dtownsend
Highlight


Appendix I. Tabalation of Computation Resulis

Anglysla of EHect of Constant Powar Pool Elevation en Envelope of Muximum w.8. Leviis During Flood 13
F. Holly & Jan 2004
All elevabons ans NGVD, Mditt = difference in maximum w.s, envelopes, H; mxflood = excesdance 760" surchirgs, i
{rafmix, rafmx = hours aftor 2 June 1005 at which Maxkmim w.s. lovation refmx occiirs; tite, aitmx = Houng after 2 duno 1985 at which maximum w.e olevation sitmk ocours
742t0 TAS PD (742} {145} 42w TR PD {142) £7d3) T42 e 744 [742) © {T4d)
Pt RM  makd mafiood trafmx  refmx  lafimx  eitmx mndifi muftood talmx  sefrae talty oftmx Mkl maflood dtefmx mbmx  taltmi  abimx
NOOt 15340 0.0t 004 20400 77231 28400 7232 000 0.00 20400 77231 264.00 772.81 001 0.0f 26400 77231 284,00 77292
NO28 16276 0.03 003 27075 770.24 2N THORT DM 0.01 270.75 770.28 270.75 7HO.R5 0.02 0.02 270,75 7024 &riih 77028
NG3A 151,85 a.08 0068 27600 78020 27675 70085 0.02  0.02 270.00 780.29 2768.25 789.31 0.03 0.03 276.00 780.28 276.00 768.33
NOdA  150.80 0.07 007 27000 18833 27026 70040 002  0.02 279.00 768,03 27925 780.35 0.05 005 279.00 7688.33 27925 76847
NOSA 15011 008 008 27975 76808 28000 78816 002  0.02 27O.7F 76008 200.00 788.11 006 005 27975 7eA.LA 27075 768.13
MDBA 14892 0.08 0.09 £80.25 768.03 280.00 Tea.11 002  0.02 28005 764.03 28000 768,05 0.05 0.05 28025 78B.03 28000 765.08
NADG 14538 009 009 28026 767.94 280,00 768.03 4.09  0.02 200.25 767.894 28025 787.67 005 (.05 268025 787.94 280.25 78760
NEOE {49038 009 009 28025 76784 28000 THBO3 Q.03 002 280.25 FE7.84 28025 76787  0.05 005 28025 767.84 280,35 767.68
NOTA t4g.16 000  0.09 28025 767.02 28025 78800 Q.03  0.03 28025 787.482 260.25 767.84 005 .05 280.25 767.92 260.00 V67.87
NOgA 14048 008 008 20050 787.81 28025 78700 0.03 003 28050 FE7.41 280,50 7657.84 0.06 (.08 280.50 787.0% 280.50 H/.BT
MADE  148.01 000 008 28026 76770 28000 76788 003 003 280.95 76770 280.00 767.82 006 (.08 28025 TE7.79 2BO.50 787.85
NBOE 148.01 0.08 008 20025 767.7% 28000 76788 0.03  0.03 28025 767.70 280.00 767.82 006 006 28025 767.79 20050 767.85
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NIOA 14728 009 000 28050 78775 28025 767.84 003 003 28050 76775 26005 78777 006 0.08 28050 76775 20085 767.80
NAIT 14703 008 000 28050 767.73 28025 76742 003 003 28050 767.73 280.25 767.76  0.06  0.06 280.50 767.73 28025 76778
NB1T 148,80 0.09 005 28056 767.73 280.26 767.82 0,03 003 280.50 76773 200.25 767.76 0.06 0.08 280.50 76773 28025 767.78
NI1ZA 14630 0.08 ¢.08 28050 767.72 280.7% 76789 0.03  0.03 280,80 78772 280.25 787.75 0.06 0.08 280,50 78772 28028 v87.78
NA1Z 146804 209 0.0 28025 76772 28050 76781 003  0.03 280.25 7BT.72 28050 T87.75 008 0.06 280.25 787.72 280.50 767.78
NB1Z 14581 409 008 28025 Y8772 28050 T67.B1 003  0.03 280.25 76R.72 28050 76775 006 006 28026 78772 200.50 767.78
N13A& 14591 o 009 28050 7HB772 28025 767,81 003 0.03 28060 767.72 28026 767.74 000  0.06 280.60 76772 20028 76277
NidA 14507 0.00 0.09 28025 76779 2805 767.80 003 003 28025 7E7.71 26050 TeT.v4 QU6 0.06 28025 vST.M1 280.75 817
Ni5SA 14508 010 040 28050 76716 28050 757.26 003  0.03 28050 787,16 280.60 767.18 008  0.08 #8050 78715 200.50 767.21
NOi6  444.23 Q.10 0.10 28050 76712 28050 78722 043 Q.03 28050 T67.12 280.50 767.16 006 0.06 260.5¢ 767.12 200.75 767.19
NOI7 14422 040 0.0 28075 78742 28050 7EZ21 .03 008 28075 76712 28075 7G7.14 006  0.08 28075 767.12 200.75 V6718
NO18 144,10 010 0.10 28050 76693 28050 76703 003 .00 280.50 788.83 280.50 785.80 008 G068 28050 765.93 28050 vosaD
NO1R 144,02 o1 0.1t 28075 7E6.50 28075 76877 003 .00 P80.7H TB6.BS 2R1.0O 765.69 0.07 0.07 280,75 TEB.506 28D.75 766.72
NOZO 14384 041 011 28050 BG.65 28050 76678 003 002 28050 76085 20075 70688 007 007 28050 788.65 2RO.S0 768.72
NO2t 14381 0.1 oty 281.00 JeO.54 28075 76675 003 0.03 251.00 768.84 28050 764.67 an? 0.07 281,00 78564 ZBL.TH 766.71
NO2Z 143,80 on 041 26075 765.50 28075 vA8A8t 003  0.03 280.75 76850 281.00 768.53 Q07 0.07 280.75 78850 280.75 Y66.67
NOZ3 14370  O.M G.11 200,76 706848 280.50 76650 003  0.03 280.75 706549 281.00 7656.93 0.07 0.07 280,75 768.49 280.50 76656
N024  {43.87 ‘R ] 041 2875 76549 2807 THS00 003 000 20075 To949 28050 76O.52 407 0.07 280,75 78549 28075 TB6.56
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0.87
1.60
1.7
1.82
1.69
2m

0.00 270.50 7E1.58
000 26826 75091
0.00 255,26 750.60
B.00 284.50 750.44
D.00 254.5¢ 75043
0.00 254.00 75023
0.00 25000 74615
0.00 24800 745.05
0.00 248.00 744.63
0.00 247.75 T43.2¢
0.00 22825 743.08

270.00
268.50
254.25
253.75
253.75
253.00
249.75
247.75
24175
4.2
225,75

TRIAY
751.78
751,62
751,38
751,38
751.21
747.74
746.42
T46.45
745.23
745.08
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