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Dear Dr. Shum:

Enclosed are two copies of our consultant's report concerning the
effect of a breach in the Lake Virginia Dam on the 100-year flood
elevations in Joachim Creek. This report concludes that a breach
of the data would have a negligible effect on the peak flow of a
100-year flood.

Thus,
plant

the 100-year flood levels in the vicinity of the C-E Hematite
would not beig5iificantly affected.
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February 6, 1981

Mr. Harold Eskridge
Combustion Engineering Co.
P.O. Box 107
Hematite, 10 63047

Re: Joachim Creek & Lake Virginia Study

Dear Mr. Eskridge:

Attached is our report concerning the effect of a breach in the Lake
Virginia Dam on the 100-year flood elevations in Joachin. Creek. We have,
in our files, original copies of the computer output referred to in the
report. Each of the "runs" consists of 50 or more pages of closely printed
numbers. We can lend you these on request or we can rerun the calculations
using the input cards which we also have in our files.

If there is anything in the report that is unclear or if you have any
questions, please contact us.
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Encl. OHN J. BAILEY, J
JJB/rs ;' - J

.11~ " ~' fI-.



i '

I

SPECIAL STUDY FOR
JOACHIMI CREEEK AND
LAKE VIRGILNIA DAM
JEFFERSON COUNTY, MISSOURI

Prepared for:
Combustion Engineering Co.
Hematite, Hissou'E

February 1981

REITZ & JEWS, IINC.
Consulting Engineers
1040 N. Lindbergh Blvd.
St. Louis, NO 63132



TABLE OF CONTENTS

Report

Plate l

Plate 2

Plate 3

Plate 4

Plate 5

References

Appendix A

Floodplain Nap

Stage Discharge at stile 14.'729

Storage Discharge Functions
Nile 11.875 to Nile 15.771

Computer Results

Discharges in Reach 13.334 to 15.146

Sheets A-1 through A-14
Computer Input & Selected Output



- -

SPECIAL STUDY FOR JOACHIM CREEK AND LAKE VIRGINIA 11
JEFFERSON; COUNTY, MISSOURI

1. INTRODUCTION

This report presents the findings of a special study for a portion of Joachim

Creek and Lake Virginia Da-n in Jefferson County, Mo. near the town of Hematite.

The location of the study area is shown on Plate 1. The purpose of the study was

to evaluate the effect of failure of the Lake Virginia Dam on flood levels in

Joachin Creek in the vicinity of the Combustion Engineering plant near stream

mile 14.8+. The intermittent stream from the valley with the Lake Virginia Dam

enters Joachim Creek at mile 1!4.94.

Criteria that the consultants were requested to use for the study included

the requirements:

a) that' flows established by previous flood hazard studies be accepted;

b) that the Lake Virginia reservoir be assumed to be full to the level of

the spillway, at the beginning of the design storm., and

c) that the occurrence of a Li Probable Maximum Flood (½s PAF) on the Lake

Virginia watershed be coincident with occurrence of a 100-year (1% annual chance)

flood in Joachima Creek.

Furthermore:

d) that the Lake Virginia dam fail by breaching when it was overtopped.

2. METHOD ADOPTED FOR STUDY

Reference 6 describes procedures for routing dam breach hydrographs through

the valley below the dam. Because of the highly variable flow rates during a

dam breach, the breach hydrograph is attenuated by valley storage in the reach

below the dam. The tributary area of Joachim Creek is about two orders of

magnitude greater than the watershed controlled by the Lake Virginia Dam so, for

this study, the Lake Virginia dam breach hydrograph for a L; PI' flood is required

to be comzbined with the hydrograph of a severe flood in Joac'nim Creek. The con-

sultants first calculated and routed hydrographs of flow in Joachim Creek

including outflow past the unbroken Lake Virginia Darn for such a severe flood.

Adjustments in various parameters were made to obtain peak flow rates equal to

those used in the previous flood study (Reference 1) and the Phase 1 Dam Safety

Study for Lake Virginia (Reference 2) until a satisfactory match was obtained.

The resulting computer model was then rerun with appropriate instructions which

caused it to calculate the effect of a particular breach width and rate cf

development on the outflow from Lake Virginia (the breach hydrograph). This

REITZ F. .J2NS. INC.
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Joachiin Creek.

breach hydrograph was substituted for the previously used hydrograph of flow from

Lake Virginia and the entire routing procedure was repeated. Several breach widths

and rates of development werc so studied.

3. AVAILABLE DATA

The hydraulic characteristics of the Joachim Creek channel and floodplain were

established by other consultants who prepared the Special Flood Study for this

reach of Joachim Creek (Reference 1). A copy of their data, prepared on punch

cards for input to the ELEC-2 computer program (Reference 5), was obtained from

the St. Louis District, USCE. This included cross-sections, channel lengths,

values of channel and overbank roughness and hydraulic characteristics of bridges.

Hydrologic and hydraulic characteristics of the Laoke Virginia watershed were

available from the Phase 1 Inspection Report, National Dam Safety Program for the

Lake Virginia Dam (Reference 2). These included the drainage area, hydrologic

lag tire, loss rate indicators, storage volumes in the reservoir at various water

elevations, spillway capacities and the profile of the dam crest.

Selected comments from Reference 2, concerning the reservoir area of Lake

Virginia, are:

1.2 h. "The reservoir appears to be subject to severe water loss from

leakage through either the sides or bottom or both."

2.3 "The lake filled after construction and, at one tine, the southwest

spillway flowed nearly full. The reservoir seems to drain through a

crack or sinkhole in the bottom of the lake."1

3.1 a. "A visual inspection of the Lakce Virginia dam was made on 10 November

1978."

b. "During field inspections and surveys the reservoir iias completely dry

except for a small "puddle" no more than 1-1/2 feet deep. Much of the

lake bottom apears to have been cultivated during the growing season

of 1978."

d. "The reservoir area is effectively empty. Photos show the culture that

has developed in the reservoir area."1

3.2 "Site observations show a wholly unsatisfactory lake development as far

as the amenities and benefits to be anticipated."

RVITZ & J.NS, I2NC



.

Page 3
Joachim Creek

Drainage areas at various locations along the reach of Joachim Creek were

obtained from Reference 1 and detailed tributary drainage patterns in the vicinity

of the reach were measured on the USGS, Festus, Mo., 1:24,000 Quadrangle Nap,

Edition of 1964.

4. STAGE DISCHARGE AND STOPRAGE IN JOACHIM CREEK

Computer Program HEC-2 (Reference 5) calculates water surface profiles,

storage volumes and other hydraulic parameters from cross-sections, channel

roughness.values, velocity head losses, bridge geometry and bridge hydraulic data

supplied as input to the program. A copy of the data used for the previous study

of Joachim Creek was obtained from the St. Louis District office of the Corps of

Engineers (Reference 1). The data was in the form of HEC-2 input punch cards

including cross-sections, "n" values and bridge data used in calculating the flood

profiles. This was rerun to verify the data. Precisely the sane high water

profiles were obtained as in the previous study by the USCE.

11EC-2 water surface profiles in Joachin Creek were then calculated for rates

of flcw from 5000 cfs to 70,000 cfs. The stage-discharge relationship at cross-

section 7 at mile 14.73, showne on Plate 2, was plotted from the results of this

computction. The storage-discharge relationships f-or the various reaches of

Joachim Creek were also calculated by the program as part of the standard output

values. These relationships are shown on Plate 3 for three reaches of Joachim.

Creek, one spanning the sites of the Combustion Engineering plant and the Lake

Virginia Dam and the others immediately above and below this reach.- Limits of

these reaches are shown numerically on Plate 3 and graphically on Plate 1. The

.iddle reach covering the plant and dam extends from Section 3 at mile 13.34 to

Section 8 at mile 3.5.146.

5. HIEC-1 COMPUTER PPOGCRAM

Data required for the HF.C-1 computer program include drainage areas, watershed

characteristics, index rainfall, and for flood routing, storage-dIischarge relation-

ships, spillway capacities and characteristics of overflow sections of the dam.

The present consultants established the hydrologic lag time and loss rate

indicators for the Joachim Creek main branch and tributaries by methods set out

in Reference 5. Twenty-four hour, 100-year rainfall depths were obtained from

data assembled by the St. Louis District, USCE. All other data was obtained from

Drevious studies or as described in paragraphs above.

~~VIE TZ &. J SN S. I NC.
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6. IIYDROGRAPH ROUTING

a. 100-Year Flood in Joachim Creek:

To establish a reference for comparison with routed dam breach hydrographs,

a set of hydrographs for the 100-year flood was routed according to the following

sequence:

Calculate Joachim Creek Runoff Hydrograph at mile 15.711

Route Joachim Creek Hydrograph to mile 15.146

Calculate Lake Virginia Runoff flydrograph

Route Lake Virginia Hydrograph over Dam

Calculate tributary runoff hydrograph between mile 15.146 and mile 13.334

Combine three llydrographs at mile 15.146

Route Combined Hydrograph to mrile 13.334

Calculate Runoff Hydrograph from Buck-s Creek

Combine two hydrographs at 13.334

Route Combined Hydrographs to mile 12.631

The initial routing with the consultant's best estimate of the hydrologic

lag time and loss narameters resulted in a 32,000 cfs peaak flow in the reach

between nile 15.146 and mile 13.334. Since this was considerably less than the

39,500 cfs used in Reference 1, the parameters were adjusted to give a peak flow

in this reach of 39,069 cfs. Computer input and summaries of output for this

final calculation are shown on Sheets A-1 through A-3 in Appendix A. The 100-year

index rainfall was increased from 5.4 inches to 6.15 inches (input line 11) and the

lag time was decreased from 4.0 hours to 2.5 hours (input line 13) to obtain this

22% increase in peak flow.

b. Breach Haydrographs:

Little if any data or dam and embankment failure, that would be directly

applicable to the Lake Virginia Dam, has beer published. The consultants believe

t nis particular embankment which is constructed fromn fairly cohesive soils would

b^e resistant to erosion by overtopping flows and would degrade at a slow rate.

Certainly, the embankment would rot degrade as rapidly as one constructed from

cohesionless material. Even so, the consultants initially tested breaches with

development times to bottom or reservoir of 20 Jinutes. All breaches were timed

to start at ma;ximum reservoir elevation, thus releasing the largest possible volume

of stored water. Typical breach hydrographs are shown on Sheets A-6 and A-10 in

Appendix A. The first is for a 40-foot wide breach and the other is for a 400-foot

wide breach which would involve essentially complete disappearance of the dam in

F.EITZ &JENS. INC.
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20 minutes. These hydrographs have peak flows of 14,737 and 23,958 cfs

respectively. All stored water is released within 30 minutes of the breach

starting for the 40-foot wide case 2 breach and within 15 minutes for the 400-foot

wide breach.

c. Routing Breach llydrographs:

linen the breach hydrographs were combined with the Joachim Creek hydrographs

and routed downstream, rapid drainage of the Lake Virginia reservoir increased

flows on the rising side of the Joachim Creek hydrograph as stored water was

quickly released. Exhaustion of retention in the reservoir prior to the arrival

of the peak flows from the distant upstream portion of the Joachim Creek watershed

resulted in decreased contributions from Lake Virginia at the time of the peak

flow in Joachim Creek. Case 2 and Case 3 for 40- and 400-foot wide breaches with

20-minute development times, as shown on Plate 4, resulted in an increase of 35 cfs

and a decrease of 4 cfs in peak flows in the studv reach. Attenuation of the

breach hydrographs by effect of valley storage caused considerably smaller

increases in discharge on the rising side of the Joachin Creek hydrograph three

hours prior to occurrence of the 100-year flood peak in Joachim Creek for the

reach in question. Computer input and summaries of output for these cases are

shown on Sheets A-4 through A-11 in Appendix A. To obtain any appreciable

ancrease of the peak flow in Joachim Creek it was necessary to assume breach

development times of several hours. The greatest increase, to 40,188 cfs in the

study reach, resulted from a breach development time of 5 hours which is Case 4

on Plates 4 and 5 and on Sheets A-12 through A-14. Because of the long development

time, no breach hydrograph was provided by the computer for Case 4.

7. EFFECT OF DA'M BREICH ON FLOOD ELEVATIONS

The indicated time offset of flow from assumed breach of Lake Virginia Dam and

the JoachiL Creek flood hydrograph result from both occurring from the same rare

and intense storm event.

In most of the cases investigated, breaching the Lake Virginia Dam had a

negligible effect on the peak flow of the 100-year flood in Joachim Creek. Only

by extending the breach development time past the line of peak flow in Joachim

Creek, thus allowing stored water to be released at the appropriate time, could a

slight increase in peak flows be induced. However, if the breach development time

is extended to a greater amount, the rate of release during peak flood flow from

the upper reaches of Joachim Creek is again reduced.

The stage-discharge curve on Plate 2 allows a determination of the change in

P~RITZ & JENS. INC, .
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stage resulting from an increase or decrease in peak flow. For Case 4 an increase

of 1119 cfs results in 0.15-foot increase in the level of the 100-year flood.

For Cases 2 and 3 the effect on stage was insignificant.

8. EVALUATION OF RESULTS

Using the most improbable combination of criteria events that can be

conceived, calculations using computer program HIEC-1 indicate that breaching of

the Lake Virginia Dam by a ½ Probable MaxinumL Flood could raise the 100-year flood

profile in Joachimr Creek 0.15-foot. For this to happen it would be necessary for

the damr breach to take five hours to develop to its maximum depth. The resulting

release of stored water will be at a very low rate of flow. Because of the

attenuating effect of the large volume of valley storage in the reach of Joachim

Creek below the Lake Virginia Dam, a sudden breicla in the dam cannot supply enough

flow from the relatively limited volume of water stored behind the dam to produce

any significant rise in the Joachim Creek stage on the rising side of the 100-year

flood hydrograph.

FREITZ & JENS. INC.
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CASE COMPUTER
RUN I.D.

(Coinourer Run)

1. 0XLO!15B

2. 0XL0PA7

3. 0OXLOPBR

4. 0OXL0087

DAM

Width

N.0

B PEAK
Time to
Develop

BREAK

PEAK
Lake Virginia
cfs Time

3552 Q 16.00

14737 0 16.25

23958 e- 16.07

3642 @ 16.00

FLOUWS
Reach

15.146 to 13.334
cfs Tinme

39069 0 19.15

39104 @ 19.15

39055 @ 19.15

40188 Q 19.10

40 ft. 20 min.

400 ft. 20 rain.

40 ft. 5 hrs.

SPECTIL D.AMŽ SAFETY STUDY
.JOACIIIM CREEK & LA-KE VIRGINIA

JEFFERSON COUNTY, -'NO.
COMUTER RESULTS

Plate 4
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2 A LAKE VIRGINIA DAM DOES NOT BREAK
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6 J 1 1 1

7 JI 1.0
0 K 0 15.711 1 3 1

9 1 *v*§ HYOROGRAPI1 OF FLOW ABOVE MILE 15.711

10 H 1 2 94.400 1

11 P 6.15 79 97 107

12 T. -1

13 W2 2.500
14 X -0.20 2.0

15 is 1 15.146 1 3 1

16 1 *'- ROUTE JOACHIM CREEK FLOW MILE 15.711 TO 15.146

17 Y 1 1

18 Yl 1 -1

19 Y2 0.0 120. 203. 420. 536. 634. 725.

2o Y2 1030. 1110. 1180. 1250. 1319.

21 Y3 0 5000 10000 15000 20000 25000 30000

22 Y3 S0000 . 55000 60000 65000 70000

23 KC 0 LAKE V 1 3 1

24 1 ooxe LAKE VIRGINIA INFLOd HYDROGRAPH

25 U 1 2 U.742 1

26 P 14.82 101 120 130

27 T -1
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400
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15-13
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PEAK FLn4 AND STORAGE (END OF PERIOD) SUYMARY FOR MULTIPLE PLANt-AT1O ECONOMIC COMPUTATIONS
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SUMMARY OF DAM SAFETY ANALYSIS
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