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PREFACE

The work reported herein was conducted under Department of ttic Army Proj-
ect No. 4A762719AT40, '"Mobility and Weapon Effects Technology,'" Task Area RO,
"AirLand Battlefield Environment," Mission Area, 'Combat Support,'" Work Unit
052, '"Induced Floods as Linear/Area Obstacles," under the auspices of the
Battlefield Terrain Working Group of the AirLand Rattlefiela Environment
Thrust. The study was sponsored by the Office, Chief of Engineers (OCE).

Dr, Clemens A. Meyer was the OCE Technical Monitor.

The study was conducted by the US Army Engineer Waterways Experiment Sta-

tion (WES) under the general supervision of Dr. John Harrison, Chief of the
Environmental Laboratory, and Dr. Lewis E., Link, Chief of the Environmental
Systems Division, and under the direct supervision of Mr. M. P. Keown, Chief
of the Environmental Constraints Group (ECG), and Mr. J. G. Collins, ECG.
Mr. M. K. Jourdan, ECG., Principal Investigator, Work Unit 052, provided tech-
nical assistance and review. This report was prepared by Dr. Ralph A. Wurbs,
who 1is an Assistant Professor at Texas A&M University working under an Inter-
governmental Personnel Act agreewent as a Research Lngineer, LGG.

COL Allen F. Grum, USA, was the previous Director of WES. COL Dwayne G.
Lee, CE, is the present Commander and Director. Dr. Robert W. Whalin is
Technical Director.

This report should be cited as follows:

Wurbs, R. A. 1986, '"Military Hydrology; Report 12, Case Study Evalua-
tion of Atlernative Dam-Breach Flood Wave Models; Vol 11I: Hypothetical
Prismatic Channel Case Study,'" Miscellaneous Paper EL-79-6, US Army
Engineer Waterways Experiment Station, Vicksburg, Miss.
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INTRODUCTION

Hypothetical Prismatic Channel

Computational difficulties associated with the complex valley geometry
was the dominant consideration in the Teton case study. Irregular valley
geometry was also an important complicating factor in the Laurel Run case
study. The hypothetical prismatic channel case study was developed to test
the model under conditions for which irregular valley geometry was not a major
concern. The reservoir data for the Teton Reservoir was combined with a
prismatic channel, The prismatic channel is essentially an extension of the
S5-mile long Teton canyon to 50 miles.

The prismatic channel, as shown in Figure 1, consists of two reaches of
constant cross-section joined by a transition reach. The channel crecss-
section from mile O to mile 5 is constant, and the reach between miles 10 and
S50 has a slightly wider constant cross-section. Miles 5 to 10 provide the
transition between the two sections. The cross-section for miles O to 5
approximates the geometry of the narrow, steep-walled Teton canyon just below
the dam, However, the remaining 4S5 miles of slightly wider prismatic channel
does not approximate the wide, flat, abruptly changing topography of the
valley of the Teton and Snake Rivers below the Teton canyon. The prismatic
channel has a coastant bottom slope of ten feet per mile and a constant
Manning roughness coefficient of 0.040 which are representative of the canyon

of the Teton River.

Overview of Analysis

DAMBRK, FLOW SIM 1, FLOW SIM 2, HEC-1, SMPDBK, TR6O, and the HEC
dimensionless graph procedure were tested using the hypothetical prismatic

channel. For purposes of comparing models, arn initial "base run" set of

n




breach parameters was defined as follows: time to maximum breach size of 1.0
hour, breach width of 500 feet; and vertical side slopes. However, the HEC
dimensionless graph procedure is based on an instantaneous complete removal of
the dam, and TR66 uses a reservoir water depth versus maximum breach discharge
relationship based on data from actual past dam failures. The other models
have breach simulation routines which can reflect the above listed breach

parameters. However, a solution could not be obtained for these parameter

values with FLOW SIM 1 and 2 due to instabilities in the computations.

Computational instability was a major problem in applying FLOW SIM 1 and

.
‘e

- N
}ﬁ 2 and became the prima  f--~us of the analysis with these molels. Obtaining
(S
;ﬁ solutions was not a p h DAMBRK. The DAMBRK analysis was used to test
o

s
-ﬁ; roughness coefficient. The HEC-1 analysis included testing the sensitivity of
.
}} model results to the parameters NMIN and NSTPS. The TR66 procedure was

.

.
e
l-.l

AN
tﬁ_ TR66 method and DAMBRK, with valley routing by the TR66 procedure in both
kf cases. SMPDBK and the dimensionless graph procedure were applied without
N\

the sensitivity of the .o wave to variations in breach size and manning

applied alternatively with the peak discharge at the dam computed with the

particular difficulties being enccuntered or sensitivity studies being made.
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DAMBRK RESULTS

The results of the DAMBRK analysis are summarized in Tables 1 throngn 4
and Figures 2 through 4, DAMBRK was used to test the sensitivity of the dam
breach flood wave characteristics to breach width and Manning roughness
coefficient. A constant manning n is assumed all along the channel. The
results of four runs are presented in the tables and figures with alternative
n values of 0.04, 0.06, 0.08, and 0.12 and all other input data constant.
Likewise, alternative runs are presented with alternative final breach widths
of 100 feet, 300 feet, 500 feet, and 700 feet and all other input data
constant. Appendix A is a listing of the DAMBRK base run (breach width of 500
feet and n values ¢ 0.40).

Several unsuccessful trial runs were required to debug the input data and
estahlish workable distance steps. After these initial runs to get the model
running, computational problems, such as nonconvergence and instability, were

not encountered,
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Table 1
DAMBRK - Prismatic
Peak Discharges

Maximum Discharge in 1,000 cfs

o araint | Foesladd i T st iihtar, . - Endi b SR Si g R -, of ky o8

Distance : Manning Roughness Coefficient (n)

From :_0.04 : 0.04 : 0,04 : 0,04 : 0,06 : 0.08 : 0.12

Dam : Final 3reach Width in Feet

(miles) : 100 ¢ 300 : 500 : 700 : 500 : 500 : 500
0 1,224 2,995 3,841 4,563 3,717 3,380 3,108
5 1,110 2,603 3,468 4,145 3,218 2,838 2,219
10 1,060 2,349 3,220 3,840 2,840 2,400 1,782 i
16 995 2,066 2,864 3,374 2,378 1,926 1,368 é
22 933 1,897 2,536 2,876 1,978 1,542 1,067 ¢
30 867 1,716 2,135 2,317 1,598 1,241 839 !
40 804 1,508 1,777 1,905 1,313 1,027 683 E
50 757 1,357 1,567 1,674 1,136 892 587 ;




Table 2
DAMBRK - Prismatic
Peak Water Surface Elevations

Maximum Water Surface Elevation in Feet MSL

Distance : Manning Roughness Coefficient (n)
From : 0.04 : 0,04 : 0.04 : 0,04 : 0,06 : 0,08 : 0.012
Dam : Final Breach Width in Feet
(feet) : 100 : 300 : 500 ¢ 700 : SOO : S00 : 500
0 5092.5 5129,2 5144.6 5155.9 5166.5 5178.9 5193.9

5038.6 5068.8 5083,9 5093.7 5101.6 5110.6 5119,2

(84

10 4982.9 5008.6 5023.6 5032,1 5036.8 5042.6 5047.8
16 4921,1  4944.7 4958.0 4964.6  4967.2 4970.0  4972.8
22 4859.4  4881.7 4892.3  4896.8 4898.6  4900.3  4901.8
30 4777.7  4798.0 4805,3  4808.4  4810.1 4811.8  4Bl2.2
40 4675.9  4693.5 4698.9 4701.5 4702.9 4704.7  4704.5
45 4625.2 4641.6  4646.4  4648.,8  4650.1  4651.9  4651.6
50 4572,6  4580.9 4583.0  4584.1  4594.4  4598,1  4598.6

10
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Table 3
DAMBRK ~ Prismatic

’u:a '..
-’ 13

s

Maximum Flow Depths NS

N

Maximum Depth in Feet f%

Distance : Manning Roughness Coefficient (n) (]

From : 0,04 : 004 : 004 : 0,04 : 0.06 : 0.08 : 0,12

Dam : Final Breach Width in Feet

(miles) : 100 : 300 + 500 : 700 :+ 500 : S00 : 500

0] 62.5 99.2 114.6 125.9 136.5 148.9 163.9
5 58.6 88.8 103.9 113.7 121.6 130.6 139.2
10 52.9 78.6 93,6 102.1 106.8 112.6 117.8

i, »

16 51.0 74,7 88.0 94,6 97.2 100.0 102.8 Bg

¢

22 45,4 71.7 82.3 86.8 88.6 90.3 91.8 3}
30 47.7 68.0 75.3 78.4 8GC.1 81.8 82.2
40 45.9 63.5 68.9 71.5 72.9 74.7 74 .5
45 45,2 61.6 66.4 68.8 70.1 71.9 71.6
50 42,6 50,9 53.0 54.1 64,4 68.1 68.6

%
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N
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Table 4
DAMBRK -~ Prismatic
Time to Peak Stage

Time to Maximum Elevation in Hours

Distance : Manning Roughness Coefficient (n)
From :_ 0,04 : 0,04 : 0,04 : 0.04 : 0.06 : 0,08 : 0.12
Danm : Final Breach Width in Feet
(miles) : 100 : 300 : 500 s+ 700 ¢ 500 500 :+ 500
0 1.15 1.00 1.00 1.00 1.00 1.00 0.90
5 1.45 1.15 1.15 1.10 1.15 1.20 1.30
10 1.70 1.35 1.30 1.20 1.40 1.50 1.75
16 2.10 1.70 1.50 1.40 1.70 1.85 2.30
22 2,45 2.00 1.75 1.60 2.05 2.35 3.00
30 2.95 2.35 2.10 1.95 2.55 3.10 4,00
40 3.71 2.91 2.61 2.51 3.32 4,03 5.37
50 4.52 3.35 2.99 2.83 4,09 5.07 6.89

12
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FLOW SIM 1 RESULTS

Computational instability was a major problem in applying FLOW SIM 1 to
the prismatic case study. A solution could not be obtained with the original
set of parameter values which included a 500-feet breach width, 1.0 hour
breach time, and constant 0,04 Manning n. Numerous runs were made in an
effort to obtain a solution with input data as close to these parameter values
as possible. Alternative runs included various combinatioans of values for the
following input parameters: spatial step size (DELX), maximum hydraulic depth
(HMAX) which is used by the program to determine the time step, Manning
roughness coefficents (n), breach time, and breach width. A few runs were
successful. Most runs terminated without obtaining a solution. The output
from the unsuccessful runs usually included a2 message that the program
terminated because of an instability in the calculations.

Spatial step sizes of 1.0 mile, 0.5 mile, 0.2 mile, and 0.13 mile
resulted in the same difficulties with computational instability. HMAX was
varied from 40 feet to 400 feet with most runs using a value of 80 or 100
feet., The effects of DELX and HMAX on stability were never clearly
established. A DELX of 5,280 feet and HMAX of 80 feet seemed to perform as
well as, and in some cases better than, other values of these parameters.

Table 5 illustrates how obtaining a solution depends upon breach
characteristics and n values, Several runs with alternative combinations of
breach width, breach time, and constant Manning n are tabulated along with an
indication of whether a solution was obtained or the run terminated due to
instability., Input data other than the three parameters indicated were held
constant for all the runs in the table, Values for DELX and HMAX of 5,280C
feet and 80 feet were used.

A run with the same breach characteristics used in the Teton case study

16
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(one-hour breach time, bottom width of 50 feet, and 0.66 sideslopes) and

ERAALS. -

S

Manning n values of 0.040 also terminated without reaching a solution, ?;.
The prismatic channel is representative of a steep-walled canyon. The ;%
cross-section side-slopes change abruptly from the canyon floor to the walls, iﬁ
An alternative run was made with the topwidths at the top of the canyon three E;'
times wider than the cross sections used in all the runs discussed above. :G
This meant a much less drastic change in sideslope between the canyon floor ;:
and walls, With a breach width of 500 feet, breach time of 1 hour, and n- fi
values of 0,04, DELX of 5,280 feet, and HMAX of 80 feet, the program still f}_
terminated due to an instability in the calculations. However, the stability jﬁ'
characteristics of this widened prismatic channel were not investigated ;}
further. ,ﬁ.
Table O summarizes the TLOW SIM 1 results for a breach width of 100 feet, é\
breach time of 1.0 hour, and Manning n values of 0.06, The computer printout ig
for this run is provided in Appendix B, The results of a DAMBRK run with W
these same parameters are presented in Table 7 for purposes of comparison, 0
Figures 5 through 7 also provide a comparison of the FLOW SIM 1 and DAMBRKX t:;
results for a breach width of 100 feet, breach time of 1.0 hour, and n values ';;
of 0.06. h
Appendix C provides a computer printout for one of the unsuccessful FLOW 2;
SIM 1 runs. This run used a DELX of 1056 feet, HMAX of 80 feet, breach width Q?
of 300 feet, breach time of 1,0 hour, and Manning n values of 0.060. The ki-
output includes a message that execution of the program was terminated because ?ﬁi
of an instability in the calculations, The output from the other unsuccessful ;;~
runs is similar to the Appendix C printout, 5:
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Table 5
FLOW SIM 1 - Prismatic
Computational Stability

Breach Time : Breach Width : Manning n : Solution
(hours) (feet)
1 500 0.04 no
1 500 0.08 no
1 500 0.12 no
1 300 0.04 no
1 300 0.06 no
1 300 0.08 yes B
1 100 0.04 no
1 100 0.06 yes
1 100 0.08 yes
2 500 0.04 no
2 500 0.06 no
2 500 0.08 yes
2 300 0.04 no
2 300 0.06 no
2 300 0.08 yes
2 100 0.04 no
2 100 0.06 yes
2 100 0.08 yes
5 500 0.04 no
5 500 0.08 ves
S 100 0.04 ves

18




Table 6
FLOW SIM 1 - Prismatic Channel
Results from a Successful Run

o
-

o
.-

'y
L

?;

Distance : : Maximum : Maximum : Time to

Below : Peak : W.S. : Flow :  Maximum
Dam : Discharge : Elevation : Depth : Stage A
(miles) + (1000 cfs) : (feet msl) : (feet) : (hours) A
P
h"

1 995 5091.8 71.8 1.22
5 898 5047.2 67.2 1.53 r&
e
10 846 4989.9 59.9 2.06 B
15 792 4938.,0 58.0 2.53

20 748 4886.4 56.4 3.00 e
*n
25 711 4834.9 54.9 3.53 e
L) \"
30 677 4783.6 53.6 4.06 Sﬁ
35 648 4732.3 52.3 4,56 5ﬁ
o
40 621 4681.2 51.2 5.08 B
N
45 595 4630.1 50.1 5.61 L
50 575 4579.7 49,7 5.94 ?-::
o
3
Note: Breach width of 100 feet, breach time of 1.0 hour, Y

Manning n values of 0.06, DELX of 5,280 feet, and HMAX
of 80 feet,
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> Table 7 %
4 DAMBRK - Prismatic Channel 1
i For Comparison with FLOW SIM 1 :
LR :'
)
3 Distance : ¢ Maximum : Maximum : Time to f
g Below : Peak : W.S. : Flow : Maximum e
i Dam : Discharge : Elevatior : Depth : Stage
¥ (miles) : (cfs) : (feet msl) : (feet) : (hours) :
- :
) ;-
P 1 1,166 5095.5 75.5 1.30 3
i 5 1,066 5050.5 70.5 1.55
&
a 10 989 4992,6 62.6 1.90 4
|
v 15 906 4940.0 60.0 2,38 ¢
’ '
i 20 844 4888,0 58,0 2.83
< 25 797 4836.4 56.4 3.30
-.'
- 30 760 4785.1 55.1 3.75
4
i 35 730 4734.0 54.0 4,20
% 40 705 4683.1 53.1 4.67 )
S 45 682 4632.2 52.2 5.13 4
"
E 50 661 4580.7 50,7 5.69

Note: Breach width of 100 feet, breach time of 1.0 hour, and

Manning n values of 0.06.
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FLOW SIM 2 RESULTS

FLOW SIM 2 was also run with numerous comhinations of values for the
input parameters. Almost all runs terminated without obtaining a solution.
The output from the unsuccessful runs usually included a message that the
program termirated because of an instability in the calculetions. FEssentially
the same ranges of values for DELX, HMAYX, breach time, breach width, and
Manning roughness coefficient investigated wich FLOW SIM 1 were repeated with
FLOW SIM 2. However, most of the combinations of input parameter values which
ran successfully in FLOW SIM 1 terminated without solutions in FLOW SIM 2.
The only successful runs of FLOW SIM 2 had a breach time of 5 hours.

The printout for an unsuccessful FLOW SIM4 2 run is provided in Appendix
D. The input data for this run includes a DELX of 1056 feet, HMAX of 80 feet,
breach width of 100 feet, breach time of two hours, and Manning n values of
0.06, The output from the other unsuccessful runs is similar to the Appendix

D printout,
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HEC~1 RESULTS

Tables 8 and 9 and Figures 8 through 10 summarize the results of several
HEC-1 runs with alternative sets of values for the parameters NSTPS and NMIN.
The computational interval (NMIN) is not a critical parameter as long as it is
small enough. Selection of a NMIN value is essentially a tradeoff between
accuracy and computation costs, Since HEC-1 computer costs are modest,
setting NMIN is not a problem. The number of steps (NSTPS) to be used in the
storage routing is a somewhat arbitrarily determined parameter which can
significantly affect the computed hydrograph. The HEC-1 users manual states

that NSTPS is usually approximated by the following relationship.

NSTPS = (reach length/average velocity)/time interval

Computer runs are labheled by number in the following tables and figures,
A value for NMIN of 4 minutes was used in runs 1 through 4 and 10 minutes in
runs 5 through 7. NSTPS values used for each of 5 reaches were alternatively
assumed to be a constant 1, 5, and 10 for each reach., Runs were also made in
which the NSTPS values were estimated from the above relationship. For NMIN
of 4 minutes, this resulted in NSTPS values of 4, 5, 7, 8, and 13 for the five
reaches (run 4), For NMIN of 10 minutes, NSTPS values were estimated to be 2,
2, 3, 3, and S (run 7). The five reaches are: miles O to 7.5, miles 7.5 to
15, miles 15 to 25, miles 25 to 35, and miles 35 to 50.

The results for NMIN values of 4 minutes and 10 minutes are very close.
However, changing the NSTPS parameters significantly changes the resulting
discharges and stages. Run 4 {NMIN = 4 minute and NSTPS values of 4, 5, 7, 8,
13 for the five reaches) is probably the most realistic run, The computer

printout for run 4 is provided in Appendix L.
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Table 8 Wa .

HEC-1 - Prismatic %'

Peak Discharges and Water Surface Elevations 3‘:
R
|8

Run : 1 : 2 : 3 : 4 : S : 6 : 7
NMIN : 4 : 4 : 4 : 4 : 10 : 10 : 10

NSTPS : 1 : 5 : 10 : varies : 1 : 5 s varies &

8
Distance : Maximum Discharges in 1000 cfs %ﬁ.
(mile) W
0 3,911 3,911 3,911 3,911 3,911 3,911 3,911 %
7.5 2,803 3,447 3,584 3,382 2,850 3,366 3,091 ,%f
15 2,159 3,162 3,428 3,110 2,182 3,338 2,641 =
25 1,542 2,596 3,107 2,704 1,553 2,798 2,180 § 
35 1,183 2,140 2,617 2,344 1,193 2,317 1,811 ;$i
50 799 1,507 1,823 1,856 803 1,576 1,428 ;éi
Miles Maximum Water Surface Elevations z.
{
0 5301.7 5301.7 5301,7 5301.7 5301.7 5301.7 5301.7 L
7.5 5094.7 5107.0 5109.5 5105.8  S095.6 5105.5 S100.4 'y
15 4996.3 5014,7 5019.2 5013.8 4996.7 5017.7 5005.5 3_
25 489S,5 4917.2 4926.3 4919,2  4895.8 4920.9 4909.2 "
35 4786.7 4808.4 4817,6 4812,4  4787,0 4811,9 4801,5 f‘
50 4650.8 4669.7 4677.1  4677.5  4651.0 4671.2 4667.9 ;i
(n

e

[}
1
'
'
.

26
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Table 9
HEC-1 Prismatic
Maximum Depth and Time to Maximum Depth

nr |

Run 1 2 3 4 : 5 ¢+ 6 : 7
NMIN 4 4 4 4 : 10 : 10 : 10 )
NSTPS 1 S 10 : varies @ 1 : 5 : varies §
Distance : Maximum Depth in Feet QQ
(miles) &g
o
0 - - - - - -
7.5 139.7 152.0 154.5 150.8 139.6 150.5 145.4 5
Ay
15 116.,3  134.7 139.2 133.8 116.7 137.7 125.4
25 115.5  137.2  146.3 139.2 115.8 140.9 129.2
35 106.7 128.4 137.6 132.4 107.0 131.9 121.5 O
50 120.8 139,7 147.1 147.5 121.0 141.2 137.9
Miles Time to Maxinmum Depth in Hours
0 0.02 0.02 0.02 0.02 0.02 0.02 0.02
7.5 1.13 1.20 1.20 1.20 1.17 1.17 1.17
15 1.47 1.47 1.47 1.50 1.50 1.50 1.50
25 1.93 1.93 1.87 1.93 2,00 2.00 2.00
35 2.47 2,40 2.33 2.40 2.50 2.50 2,50
50 3.33 3.27 3.13 3.13 3.33 3.33 3.33
pe
0
W
v
b,
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SMPDBK RESULTS

o
PALY

¥

The printout from the SMPDBK microcomputer program is presented as Table

10. The results are plotted in Figures 11 through 13, Appendix F presents

e
'y

the results obtained from the manual computational procedure,
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DISTANCE
(MILES)

10
25

N

Xx-SEC NO.

[N}

(]

TABLE 10

PROFILE OF CRESTS AND TIMES FO
SIMPLIFIED TETON DAM
ON ALMOST PRISMATIC RIVER

LONG OPTION

FEAK PEAK TIME FL 00D
FLOW DEPTH PEAI STAGE
(CFS) (FT) (HRS) (FT)

4015982 112.58 30

3234869 100.16 .2 30
3211780 B89.53 .S S0
30

1
1
1
2723214 81.77 2
2216183 73.03 3

e

-

.
- -~

¥x SUMMARY OF INFPUT DATA 2%

NAME OF DAM

NAME COF RIVER

DAM CREST ELEVATION (FT.MSL)
BREACH BOTTOM ELEV (FT. MSL)

FINAL BREACH WIDTH (FT)
VOLUME OF RESERVOIR (AC-FT)
SURFACE AREA (ACRES)
TIME OF FAILURE (MIN)

SPILLWAY/TURBINE FLOW (CFS)

3% CROSS SECT'ON DATA 13

MILE NO. ELEV TOPWIDTH MANNIN
G 5030 o .04
5040 800
5240 1400
] 4980 o .04
4990 800
5190 1400
10 4930 (o) .04
4940 1000
S140 1600
25 4780 o .04
4790 1000
4920 1600
50 4530 0 .04
4540 1000

4740 1600

R

W non

G

TIME TIME FALL

FLOOD BELOW FS

(HRS) (HRS)

L]
w“

L]
3l

mo«pron

NG

SIMPLIFIED TETON
ALMOST PRISMATIC

5301.7
5040

S00
254192.872
1940

60

3580

N  VALLZIY HT

210

FS

30

30
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HEC DIMENSIONLESS GRAPHS PROCEDURE RESULTS

The HEC dimensionless graph procedure is based on the assumption of an
instantaneous complete removal of the dam. Thus, the breach characteristics
(500 feet width and 1.0 hour breach time) used in the other models could not
be incorporated in the dimensionless graph procedure. The prismatic channel
characteristics are the same as used in the other models, The required

computations for the procedure are presented in Table 12 and the results are

summarized in Table 11,
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]
Table 11 iy -
HEC Dimensionless Graphs - Prismatic e
Summary of Results 3".‘
£
e
)
Distance Maximum : Time to
From : Flow ¢ Maximum ¥
Dam : Depth : Depth (g )
\
(miles) : (feet) : (hours) t
0 119.5 0.00 5
"y
5 101.6 0.43 "
0.:
10 95.8 0.68 X
e
15 91.3 0.79 ~
87.4 .07 A
20 1.0 ?A
25 84.5 1.18 i
30 81.5 1.36 -
.
40 75.3 1.75 3
Ay
50 72.8 2.22 '
W
\
W
' .
3
.\h.‘
b
%




Table 12

Computations for HEC Dimensions Graphs Procedure

M= (log (50,000/251,300) / log (120.8/271,7)) - 2

M= -0.008 20
S B
C = (Vol1)(3)(M+1 0
1 ( ) _M+2
Y
C = (1.095 X 1010y(3)(1) | Q. 001894 = 842.6
',71.0
C= (2.178 X 109)(3)(1) | 0.001894 | _ s48.1
120.82
use C = 845.4
¢ = CYM-1) = 845.4 (271.7-1) = 3.11

38

So = 10ft/mile = 0.001894
Y, = 5310.7 - 5020 = 271.7 feet
Lo = Yo/S, = 271.7 ££/0.001894 = 143,458 ft = 27,17 mile
Head Channel Pool Reservoir VYolume
Point : (feet) Elevation Elevation (acre-feet) (ft3)
1 271.7 5030 5301.7 251,300 1.095 X 1010
2 120.8 5030 5150.8 50,000 2,178 X 109
M= (log (Volg / Volj) / log (?é/?l)) -2




Table 12 Continued
Computations for HEC Dimensionless Graphs Procedure

B, = 1,585 ft
Y, = 271.7 ft
=B, - T, = (1,585)(271.7) = 430,645 fr2

-
Pl
[

Py = By + 2Y, = 1,585 + 2(271.7) = 2128 ft

R, = Ay/P, = 430645/2128 = 202.3 ft

Vo = 1:486 §2/3 go1/2 = 1.486 (202,3)2/3(.001894)1/2
Vo = 55?7 fps "

Fa_V_ = 55.7 = .596 = .60

—ygo Yo \32.2(271.7)

Lo= Yo/So = 271.7/.001894 = 143,453 ft = 27.2 mile

2575 seconds
0.7153 hours

T, = To/Vy » 143,453/55.7

Summary
C = 3.11

M=20

Fo = * 60

Lo = 27.17 mile

To = 42.9 hOU[‘S

v
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Table 12 Continued EQ:
Computations for HEC Dimensionless Graphs Procedure PQ;
».:-
Maximum Flood Depth - .fi
X : X : Fo=0.5 : Fo=1,0 : Fo=0.6 : Yo (feet) Nl
A
0 0 .460 420 445 119.5 o
w®, '
5  0.13¢  ,410 .338 374 101.6 (T
10 0.368 .38 .325 .353 95.8 ;
o
15 0.552  .360 2312 336 91.3 o
o
20 0.736  .340 .303 322 87.4 g
25 0.920  .325 .297 311 84.5 R
N
30 1.106  .311 .289 .300 81.5 ﬁ$
W
40 1.472 ,292 .262 277 75.3 o
5 1.840  .278 .258 .268 72.8 J

W
Time of Occurrence of Maximum Flood Level 53.

X : X : Fo=0.5 : Fo=1.0 ; Fo=0.5 : tw (hours)

0 0 0 0 0 0
5 0.184 0.5 0.7 0.6 0.43
10 0.368 0.8 1.1 0.95 0.68 N
v
15  0.552 1.0 1.2 1.1 0.79 J
:.
20 0.736 1.3 1.7 1.5 1.07 W
25 0.920 1.5 1.8 1.65 1.18 &
b
30 1.106 1.8 2.0 1.9 1.36 3
19
40 1,472 2.3 2.6 2,45 1.75 a
50 1.840 3.0 3.2 3.1 2,22 o
2
A
40 ~
;{:.
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TR66 RESULTS

The SCS Technical Release No. 66 simplified dam breach routing procedure
results are presented in Table 13 and Figures 16 and 17. The calculations are
sunmarized in Table 14. This manual computation procedure provides peak
discharges and depths at selected locations. The peak discharge at the dam is
determined from a relationship between peak discharge and reservoir water
depth which was developed based on data from actual past dam failures. The
peak discharge of 1,931,000 cfs computed with the TR66 procedure is about half
the magnitude of the peak outflow from the 500-feet wide breach computed by
the other models. Consequently, an additional simulation was made in which
the 3,841,000 cfs peak discharge at the dam computed with the DAMBRK model was
routed downstream with the TR66 valley routing procedure. The results using
TR66 for both breach outflow and valley routing are labeled TR66 in the tables
and figures. The label TR66 (DAMBRK) is used to =ignify that the DAMBRK peak

breach outflow is combined with TR66 valley routing.
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Table 13
TR66 — Prismatic
Peak Discharges and Flow Depths

Distance : TR66 H TR66 (DAMBRK)
From Dam : Discharge : Depth : Discharge : Depth
(miles) : (cfs) : (feet) : (cfs) ¢ (feet)
0 1,931 84.5 3,841 123.0
S 1,506 73.5 2,996 107.9
10 1,313 62.3 2,612 89.0
15 1,130 57.5 2,247 82.0
25 834 48,7 1,659 69.0
35 715 44,2 1,421 64.2
S0 525 37.5 1,045 55.0
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Table 1l4a b}
TR66 Calculation Summary
Depth Versus Area and Volume Relationships

Depth : Miles Down:stream From Dam ;
(feet) : 0 : 5 : 10 : 25 : 50 X

Cross-Sectional Area (ft2) g

0 0 0 0 0 0 N
10 4,000 4,000 5,060 5,000 5,000 8
60 47,750 47,750 58,750 58,750 58,750 ;5' !
110 99,600 99,000 120,000 120,000 120,000 N
160 157,750 157,750 188,750 188,750 188,750 g
Incremental Volume (million £e3) 'l

0 0 0 0 0 _
10 195.6 118.8 396.0 660 ff
60 1,261 1,406 4,653 7,755 ‘: '
110 2,614 2,891 9,504 15,840 v

160 4,165 4,574 14,949 24,915 ,‘
Total Volume (million ft3) %ﬁf
0 0 0 0 0 0 .;
10 0 105.6 2244 620.4 1,280.4 § ~
60 0 1,261 2,667 7,320 15,075 :’,

119 0 2,614 5,505 15,009 30, 849 -‘
160 0 4,165 8,739 23,688 48,603
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Table 14b
TR66 Calculation Summary »
Depth Versus Discharge Relationships \

Q = 1:45 Ap2/3 sl/2 16%2 AR2/3 (.0018939)1/2 = 1.6211 ARZ/3
n .

mile 0.0 to 5.0

: Wetted + Hydraulic :
Depth Topwidtn : Area (A) : Perimeter (P) Radius (R) : Discharge (Q)
(ft) (ft) (£t2) (ft) (ft) (cfs)
0 0 0 0 0 0
10 800 4000 800.25 4,998 18,955
60 950 47,750 980,53 48,698 1,032,268
110 1100 99,000 1160.58 85,302 3,109,943
160 1250 157,750 1340.85 117,65 6,140,045
mile 10.0 to 50.0
: Wetted : Hydraulic :
Depth : Topwidth : Area (A) : Perimeter (P) : Radius (R) : Discharge (Q)
(ft) (ft) (£t2) (ft) (ft) (cfs)
0 0 0 0 0 0
10 1000 5000 1000,2 4,999 23,697
60 1150 58,750 1180.5 49,767 1,288,584
il0 1300 120,000 13560.8 88.183 3,854,036
16C 1450 188,750 1541.0 122,485 7,546,630
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Table l4c
TR66 Calcvlation Summary
Outflow Hydrograph

Quax = 65 H1+85 a 65 (261,7)1.85 = 1,931,300 cfs

3
Q.2 = 8A - (32.2) (74,000)
- T 1,023.5

Q. = 3,570,520

Since flow is subcritical, the curvilinear hydrograph is used.
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Table 14d t
TR66 Calculation Summary ¢
Maximum Discharge and Depth N
n N 4
(N-n)>_log Qj - n > log Q4 3
: m = i=1 i=n+1
| n_ N
(N-n) > log Sjei-n >_log Sj,i .
i =1 i=n+1 -
)
' ’
i - - g
H n n v
; >_ log Q4 - m>_1log Syri !
| K =1log-l | i=1 i=1 '
n
-— pos. )
i J
i i
i y
] £ Q .
K = max = 1,931,300 cfs :
o Kvm K (10,947 million ft2)D
4
. * * *
: K =K, (1 -0Q,)(5/3-m) from figure 2 of TR66
* *

Qo and Q from ES-212 of TR66

d from curve of Q versus d

AT T L AT DR, 7 v ™ s TR A AN N T R N o N e N T ™ ™
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Table lse
TR66 Calculation Summary
Maximum Discharge and Depth

* * * *
Location : m : K : Ky 0 Q : K : Q : Q : d
(miles) (cfs) (feet)
F
0 - - - - - - 1,931,300 84.5 ¥
5 1.563 13.84 0.06783 0.770 0,0582 0.780 1,506,000 73.5
10 1.564 5.306 0.1752 0.665 0,157 0,680 1,313,000 62.3
15 1.569 2.492 0.3562 0.540 0,330 0.585 1,130,000 57.5
25 1.573  1.015 0,8425 0.450 0.946 0.432 834,000 48.7
35 1.563 L4956 1.433 0.360 1.387 0.370 715,000 44,2
50 1,576 3175 2.619 0.265 2.547 0.272 525,000 37.5

LW Y TIPSR A PP PR XU X, A R Sy X PR O e TR W

APy Y s RN LT
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COMPARISON OF MODEL RESULTS

A comparison of the results obtained using DAMBRK, HEC-1, SMPDBK, TR66,
and the HEC dimensionless graphs procedure are presented in Tables 15 through
18 and Figures 18 through 20. Both HEC-1 runs 1 and 4 are shown. HEC-1 run 1
used a NSTPS value of 1 for all reaches, whereas run 4 used NSTPS values of 4,
5, 7, 8, and 13 for the five reaches. The HEC dimensionless graph procedure
assumes an instantaneous complete rew..val of the dam. The other models
reflect a breach width of 500 feet and breach time of 1.0 hour. Solutions
could not be obtained with these breach parameters using FLOW SIM 1 and FLOW
SIM 2, Runs with these two models terminated with a message that an

instability in the calculations had occurred.
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Table 15
Comparison of Models - Prismatic
Peak Discharges

Distance Maximum Discharge in 1000 cfs
Frou Dam DAMBRK : HEC-1 : HEC-1 : SMPDBK : TR66 : TR66
(miles) (Run-1) (Run-4) : : : (DAMBRK)
0 3,841 3,911 3,911 4,016 1,931 3,841
5 3,468 3,172 3,558 3,235 1,506 2,996
10 3,220 2,588 3,291 3,212 1,313 2,612
15 2,925 2,159 3,110 3,049 1,130 2,247
20 2,529 1,815 2,910 2,880 985 1,950
25 2,380 1,542 2,704 2,723 834 1,659
30 2,135 1,340 2,520 2,620 780 1,540
35 1,936 1,183 2,344 2,520 715 1,421
40 1,777 1,040 2,180 2,410 660 1,300
45 1,770 920 2,020 2,310 600 1,175
50 1,567 799 1,856 2,216 525 1,044
ié
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Table 16
Comparison of Models ~ Prismatic
Peak Water Surface Blevations

Distance : Maximum Water Surface Elevation in Feet msl

From Dam : DAMBRK : HEC-1 : HEC-1 : SMPDBK : Dimensionless : TR66 : TR66

(miles) : ¢ (Run=1) : (Run-4) : H Graphs : : (DAMBRK)
0 5144.6 - - 5142.6 5149,5 5114.5 5153,0
S 5083.9 - - 5080.2 5081.6 5053.,5 5087.9
10 5023.6 5061.9 5075.1  5019.5 5025.8 4992.3 5019.0
15 4968.9 4996.3 5013.8  4966.9 4971.3 4937,5 4962.0
i 20 4913.9 4945.5 4965.8  4914.0 4917,7 4883.0 4905,3
! 25 4859.6 4895,5 4919,2  4861.8 4864.5 £828.7 4849,0
E 30 4805.3 4840.8 4866.0  4809.9 4811.8 4776.4 4796.4
' 35 4751.8 4786,7 4812.4  4758.3 4758.4 4724,2 4744,2
I 40 4698.9 4741,.1 4767.8  4706.7 4708.1 4672.1 4691,0
45 4646.5 4596.0 4722,6  4654.5 4654 ,0 4620,0 4638.0

|

50 4583.0 4650.8 4677.5 4603.0 4602.8 4567.5 4504 .4

]
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Table 17
Comparison of Models - Prismatic
Maximum Flow Depths

Distance : Maximum Flow Depth in Feet

From Dam : DAMBRK : HEC-1 : HEC-1 : SMPDBK : Dimensionless : TR66 : TR66
b
i

(miles) : : (Run 1) ¢ (Run &) : H Graphs : + (DAMBRK)
0 114.6 - - 112.6 119.5 84.5 123.0
5 103.9 - - 100.2 101.6 73.5 107.9

10 93.6 131.9 145.1 89.5 95.3 62.3 89.0
15 88.9 116.3 133.8 86.9 91.3 57.5 82.0
20 83.9 115.5 135.8 84.0 87.7 53.0 75.3
25 79.6 115.5 139.2 81.8 84.5 48.7 69.0
30 75.3 110.8 136.0 79.9 81.8 46.4 66.4
35 71.8 106.7 132.4 78.3 78.4 44,2 64.2
40 68.9 111.1 137.8 76.7 78.1 42,1 61.0
45 66.5 116.0 142.6 74,5 74.0 40.9 58.0
50 53.0 120.8 147,5 73.0 72.8 37.5 54,4

»




Table 18 ?V
Comparison of Models - Prismatic 5
Time to Peak Stage i
v
Distance : Time to Maximum Depth in Hours g
From Dam : DAMBRK : HEC-1 : HEC-1 : SMPDBK : Dimensionless -
(niles) : ¢t (Run1l) : (Run 4) : : Graphs g.
)
0 1.00 - ~ 1.0 0.00 .
5 1.15 - - 1.2 0.43 ;.
10 1.30 1.24 1.30 1.5 0.68 ?
15 1.46 1.47 1.50 1.7 0.7 :
20 1.65 1.70 1.72 1.97 1.07 .
25 1.85 1.93 1.93 2.2 1,18 :
30 2.10 2.20 2.17 2.45 1.36 f
35 2,35 2.47 2.40 2.7 1.56 "
40 2.61 2.75 2.76 2.98 1.75
45 2,88 3.04 3.04 3.24 1.98
50 2.99 3.33 3.13 3.5 2,22
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Appendix C
FLOW SIM 1 Unsuccessful Run
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Appendix F

SMPDBK Manual Computations
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Reference:

Manual Version of SMPDBK
Hypothetical Prismatic Channel Case Study

Summary of Calculations

Dam-Break Model Executive Brief."

INPUT DATA

AS = 1940 acres

H = 5301.7 - 5040 = feet

Br = 500 feet

tg = 1.0 hour

Qy = 3,580 cfs

Vol = 251,300 ae - ft =

mile 0.0
elev : depth : topwidth
5730 0 0
5040 10 800
5240 210 1400
mile 10.0
elev : depth : topwidth
4930 0 0
4940 10 16729
5140 210 1600
mile 50.0
elev : depth : topwidth
4530 0 0
4540 10 1000
4740 210 1600

1.09466 X 101V £¢3

F3

Jonathan N. Wetmore and Danny L. Fread, "The NWS Simplified

mile 5.0
elev : depth : topwidth
4980 0 0
4990 10 800
5190 210 1400
mile 25.0
elev : depth : topwidth
4780 0 0
4790 10 1000
4990 210 1600

L 3 (.-l_q.

Pl of



CHANNEL DESCRIPTION

(Glog hi){Tlog Bi)
n =<X{(log hi)(log Bi)) - I

2 (log hi)? - (log hiz2
I

log k =Ilo% Bi _ mSlo% hi

For Miles 0 to S

(3.322)(6.049)
= 10.200 - 2 = 0.18467

6.393 - (3.322)°
2

log k = Q-g_’i?. - 0.18466 L%E'A = 2.7177
k = 522

B = kh® = 822 h0.1847

For Miles 10 to S0

B = 675 hO.1577

F4




Q

MAXIMUM BREACH OUTFLOW ( “"bmax)

C = 23.4 As _ 23.4 (1940) _ 90,792

B, 500
I 13
Qbmax = Q = 3.1 Brl-—-———jf—-
LEf 4
L yu
{- 90.792 |
- . ! . ! = 4,016,000 cf
3,590 + 3.1(500) 57 | o1 cfs
1.0 + A ——
/261.7 |
a o 1.49 40.05 k _1.497 10 7 0.5 [ 522 |

b =sm+ 53 =0,1847 + 5/3 = 1.851

ro, . Jue 7 71/1.851
— : _bmax _ | 4,016,000 - 7
Bpax = N t—ﬁiﬁgﬁf—ﬁ 112,7 ft

Check for Submergence

r 7 i 12
‘ C 90.792
Runie = l = 188.5
weir !tf + 7£é__ I II'O + ?9:123}
L VH J v 261.7 |

max - 112,7 = .59 < 0.67
hyeir 188.5 7~

Submergence correction not required.

F5

= 638.2

F LY T L e T ¢ TR




DOWNSTREAM ROUTING

mile 5 10 25 50 ;
X 26,400 52,800 132,000 264,000 o
FC 0.605 0.605 0.606 0.607 e
Vv 1.326 1.324 1.319 1.310

XC 73,809 72,700 69, 500 64,000 i
X/XC 0.358 0.726 1.899 4,124 e
QP/Quayx  0.922 0.851 0.704 0.537 D
QP 3,703 3,418 2,827 2,157 ey

Mile : Peak Discharge (cfs)

Ad

0 4,016,000 ;%-
O I
5 3,703,000 S

10 3,418,000 v

25 2,827,000

-~
- -
LT

Iz

50 2,157,000

-
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