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COMPREHENSIVE REPORT

MERANEC RIVER BASIN , MISSOURI

APPENDIX C

HYDROLOGY

SECTION I - GENERAL

F 1. SCOPE

This appendix contains detailed hydrologic , hydraulic , and water
resource data pertinent to formulation of the comprehensive plan of
improvement for the Meramec River Basin and provides a basis for state-
ments relating to the above subject matter that are presented in other
sections of this report, A detailed analysis is presented in this
appendix concerning all hydrologic aspects of water problem s in the
basin , including floods , droughts , and similar hydrologic considerations .
The magnitude and frequency of floods are developed , stream flow data
are presented, and yields are estimated. The demand for water supply
is given for all uses, partially in this appendix and partially in
other appendices, and evaluations are made as to how these needs can
be met from projects considered in connection with this study.
Hydrologic data developed herein on floods with and without various
projects have been used as a basis for evaluating project flood control
benefits. The hydrologic and hydraulic data presented herein have
been used in the project formulation presented elsewhere in this report.

2. DESCRIPTION OF BASIN

The Meratnec River Basin lies in the southeast quarter of the State
of Missouri , approximately between 37°30’ and 38°35’ north latitude
and 900 151 and 910451 west longitude . The basin is bounded on the
north by the Missouri River Basin ; on the east by the Mississippi
River; on the south by the St. Francis , Black , and Current Rivers; and
on the west by the Gasconade River Basin. The drainage area of the
entire watershed is about 3,980 square miles . The basin resembles a
somewhat irregular rectangle with a median length of about 65 miles ;
the median width is about 55 miles.  The watershed comprises all or
portions of 15 counties and converges toward the city of St. Louis.
The drainage system consists of the Merainec River and its two principal
tr ibutar ies , the Big River and the Bourbeuse River. The Merainec River
rises in Dent County , flows in a northerly direction to a point near
Meramec Spring , mile 168.8 , then follows a general northeasterly course
to the vicinity of Kirkwood , near mile 19.0 , where it turns toward the
southeast to join the Mississippi River about 12 miles south of St. Louis.
The Big River in general parallels the eastern boundary of the water-
shed, rising in the northern part of Iron County and joining the
Meramec River at mile 37.5, about 3 miles south of Eureka, mile 34.6. 
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• The Bourbeuse River has its source in Phelps County and follows a
course generally parallel to the northern boundary of the basin,
entering the Meramec River at mile 64.8. The drainage areas of the
Big and Bourbeuse Rivers are about 968 and 848 square miles ,
respectively. The Meramec Basin lies within the foothills of the
Ozarks , most of which are rugged and generally covered with timber.
Even though sr.reambed slopes are relatively steep , the bed is generally
stable , being composed chiefly of rock and gravel. The Meramec, Big,
and Bourbeuse Rivers have falls of 1,025 , 970 , and 740 feet in their
respective lengths of 220, 137, and 145 miles. A map of the basin is
shown on PLATE C l .

3. CLIMATOLOGY

The climatology of the Meramec River Basin is of interest in this
report with regard to it:s effect on floods , droughts, and availability
of water for all uses. The Merainec River Basin has a climate of the

S interior continental type in which occur barge temperature ranges in
the daily, monthly , and seasonal values. The air masses that generally
influence the climate move predominantly from the southwest frequently
bringing the moisture 4aden air from the Gulf of Mexico. However, it
is the same scuthwes~erly flow of air which brings in the hot dry air
from the desert southwest that results in drought conditions at other
times. Frequently in the winter months , cold Canadian air masse s dip
down and bring arctic air into the basin. The average annual teilper-
ature is about 570 Fahrenheit, and temperatures as low as _330 and as
high as 115° Fahrenheit have been recorded in the basin. During the
summer months , the basin is subject to showers and thunderstorms, as
well as frontal storms of heavy rainfal l  over a wide area for several P
days ’ duration. Summer rainfall is considerably greater than pre-
cipitation during the winter months . Following paragraphs discuss
those ebement.s of climate mentioned above with supporting data in the
form of plates and tables.

4. TEMPERATURE

The temperature regimen of the Meramec~ Basin is classed as
moderate . While the average temperature is about 570 Fahrenheit,
short periods of extremely cold weather are experienced in the winter
months and , likewise , shore . periods of extreme heat occur during the
summer. TABLE C.~l presev :.s a summary of monthly and annual bong-ter
wean temperatures f~r key stat ions within and near the basin.

S. STORMS

Severe local and heavy general rainstorms of several days ’
duration are not uncommon in the basin. The notable storms of record ,
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which have been responsible for the major floods in the Meraniec Basin,
have been of the general type, although rather severe local flooding
has resulted from thunderstorm activity. Protracted wet periods , last-
ing several months, have been experienced, resulting in a series of
s”alb floods with a large combined volume of runoff. Description of
the individual storm will be given in conjunction with description of
flood in another section of this appendix.

6. DROUGHTS -

The general classification of the Meramec River Basin is humid.
It is extremely difficult to define a drought in other than very
general terms. In a humid region, drought conditions could be said to
exist when vegetation growing under natural conditions defoliates out
of season and crops fail to mature due to back of rainfall, or when
precipitation is insufficient to meet the needs of established human
activities. Any more specific definition would be extremely difficult
because of many other variable factors , such as temperature, wind,
soil conditions, evaporation, and the stage reached in the plant growth
cycle. In U. S. Geological Survey Water Supply Papers 680 and 820,
J. C. Hoyt in a study of droughts concluded that in humid states serious
drought effects do not result unless the annual precipitation has a
deficiency of 15 percent or more of the mean . Studies presented in a
later section indicate a number of periods with much greater annual
deficiency than this.
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SECTION II - PRECIPITATION

7. SOURCE OF DATA

The U. S. Weather Bureau is the only agency engaged in the collec-
tion and compilation of precipitation data within the Meramec River
Basin on a continuing daily basis. The Corps of Engineers has compiled
unofficial records for some notable storms. The principal source of
rainfall data used in the preparation of this study was the U. S.
Weather Bureau Cliniatobogical Bulletins . A total of 41 stations
presently active and maintained by the Bureau was used in this study .
The period of record ranged from 2 to 124 years. Locations and types 

S

of stations are shown on PLATE C-2.

8. ANNUAL PRECIPITATION

The average annual precipitation for the basin, as computed from
12 key stations with periods of record ranging from 30 years to 124
years , is about 39 inches. The range is from 35.44 to 42.51 inches.
TABLE C-2 lists the rainfall stations with periods of record in excess
of 30 years , together with long-term means for stations where such
records are available .

9. SEASONAL PRECIPITATION

The seasonal distribution of rainfall is indicated on TABLE C—2.
The normal growing season in the basin is from mid-April to mid—October ,
and about 23 inches of rain , or 59 percent of the annual total, normally
falls in this period. Precipitation is fairly well distributed through-
out the year, with the highest average occurring during the months of
April, May ,  and June , and the lowest during the months of December,
January , and February. Frequent autumn storms bring the rainfall
average for August, September, and October relatively high. The
greatest deviation from the mean probably’ occurs during the months of 

S

July and August, with the possibility of extremely heavy rainfall or
extreme drought conditions.

10. ANNUAL SNOWFALL

Snowfall is usually limited to the period from October to April
and seldom covers the ground for long periods. The average annual
snowfall is light, amounting to about 16 inches, and is not considered
to be a factor in flooding.

11. RAINFALL INTENSITY

While rather intense local storms have occurred frequently
throughout the basin, official records are lacking. However, TABLE C-3

C-4 
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indicates record intensities experienced at St. Louis, Missouri, just
to the north and east of the Meramec River Basin.

12. STORMS OF RECORD

General storms with heavy rainfall extending for several days’
duration have produced the more notable storms over the basin. Since
it is reasonable to assume that major floods result from major storms ,
it appears that major storms occurred in 1913, 1915, 1916 , 1919, 1942,
1945, 1950, and 1957 , the years of major floods. Detailed rainfall
records are not available for the years 1913, 1916, and 1919. The
following tabulation shows storms of record for which data are avail-
able , and PLATE C-3 shows a sample isohyetal map for a major storm of

S record. Storms are discussed later in conjunction with floods produced.

Storms of record

Storm period Average precipitation over basin
(inches)

18-20 August 1915 8.22 5

26-29 December 1942 4.93 5

5—11 June 1945 6.12
1- 6 January 1950 4.10

26 June—2 July 1957 5.06

13. SUBNORMAL PRECIPITATION

Despite the fact that the Meramec River Basin lies in a region
that is considered to have reasonably adequate precipitation under
normal conditions, it does experience relatively long periods of
deficient rainfall .  The best picture of this condition is probably
indicated in study of deficient runoff which is presented in a later
section of this report dealing with runoff.

C-s



SECTION III - RUNOFF

14. RUNOFF DATA

The collection and tabulation of surface and groundwater data
within the Meramec River Basin are primarily a responsibility of the
U. S. Geological Survey . These data , published in U. S. Water
Supply Papers , were the primary source of information for development
of the basin studies. The Corps of Engineers made a few scattered
discharge measurements within the bas in during high water periods .
Additional data on river stages were obtained from U. S. Weather
Bureau ’s annual publications , “Daily River Stages” . These , in
general , were the sole sources of runoff data within the basin.

15. RUNOFF IN GENERAL

The Meramec River Basin above Eureka lies entirely within the
foothills of the Ozarks , which are generally rugged and covered with
timber. The Meramec River streambed , together with those of the
Big and Bourbeuse Rivers , in general, is composed of rock, gravel,
and sand. The numerous tributary streams, both large and small,
have rather steep slopes that allow rapid runoff to the main streams.
The ratio of runoff to rainfall is high throughout the basin.
Infiltration is relatively slow in these soils , resulting in rapid
and substantial runoff from short periods of intense rainfall.
Extended periods of ra infa l l  saturate the shallow soil cover , per-
mitting very high percentages of runoff.

16. RIVER STAGE AND STREAM GAGING RECORDS

Throughout the period of record , 20 gages have been operated
within the basin ar,.d at the pre8ent time 13 are still active. Of the
13 presently active gages , 10 are recording gages, one is rated to S

permit conversion from stage to discharge, and two are for river
stage only. The period of record and type of river stage and stream
gaging stations within the basin are given on PLATE C-4. Locations
are shown on. PLATE C-2.

17. MONTHLY RUNOFF

Mean monthly flows for the period of record for the Merainec
River at Stee lville arid Eureka , the Big River at Byrneaville , and
the Bourbeuse River at. Union are shown graphically on PLATE C-5.
The monthly runoff data for the Meramec River at Eureka for the
period of record are shown on TABLE C-4. The greatest average monthly
runoff is 6,026 c.f.s., occurring in April , and the lowest is 

S

1,114 c . f.s . ,  occurring in September. The maximum mean monthly flow

C-6 
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of record is 22,600 c.f.s. in April 1927, and the minimum of 236 c.f.s.
occurred in October 1956. The average monthly runoff for the period
of record is 3 ,096 c.f.s.

18. RUNOFF EXTREME S AND MEANS

Extremes of runoff at the principal gages in the Meraxnec River 
S

Basin are shown on TABLE C-5. The greatest known discharge within the
basin occurred at Eureka on 22 August 1915 and amounted to 175,000 c . f . s .
The lowest flow recorded at any of the principal gages was 11 c . f . s .  at
Union on 10 October 1956.

19. MAJOR FLOODS OF RECORD

The streams in the Meramec Basin frequently overflow their banks .
The major fboods~ in general, have been caused by excessive rains which
were general over the entire watershed , rather than by intense local
storms. Major floods of record occurred in 1904, 1913, 1915, 1916,
1919, 1942, 1945, 1950, and 1957. Records are not available for 1904,
1913, 1916, and 1919, but descriptions of major storms and resulting
floods are given in following paragraphs.

20. AUGUST 1915 FLOOD

a. Rainfall. This flood was produced by an average rainfall of
8.22 inches over the entire Meramec Bas in during 18-20 August. Total
rainfall during the months of May to August , inclusive , was 28 .28
inches , which was not only 10.65 inches above the seasonal normal for
the State, but was 72 percent of the average yearly total. The period
of excessive rains came to an end with the passage of the West Indian
storm of 29 August, which caused heavy damage in the eastern half of
Missouri from the southern border to north of St. Louis. In the 24
hours preceding 20 August , 4.35 inches of rain fel l  at Rolla and P
5.17 inches at Gano, both in the upper reaches of the watershed; at
Oakfield , about 4 miles  no r th of Pacific , 8.18 inches of rainfall was P
recorded. At St. Louis , about 10 miles northeast of the basin , on
20 August, midnight to midnight ,. 8.20 inches was recorded. During
Augus t , rains occurr ed almost daily and , dur ing the latter part of the
month , were torrential in the eastern part of the Ozark Plateau.

b. Flood s tages. The resulting flood was the greatest known in
the Meramec Basin. It reached a crest on 22 August , equivalent to
40.2 feet on the present Eureka gage, as determined from high water
marks. Other crest stages on the Meramec River during the August 1915
flood were: 26.5 feet at Steelville on 20 August; 33.5 feet at Sullivan
on 21 August; 30.82 at Pacific on 22 August; and 37.85 at Valley Park
on 2.2 August. By the s lope-area method , the U. S. Geological

C-7
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Survey estimated the peak discharge at Eureka to be 175,000 c.f.s., the
average runoff from the watershed above Eureka being 5.32 inches. The
valley of the Meraniec was completely inundated, resulting in total loss
of crops and severe property damage, especially at Valley Park, the
place of greatest inundation. As far as could be ascer tained, no lives
were lost.

21. DECEMBER 1942 FLOOD

a. Rainfall. December 1942 was a cold, wet , cloudy, and dis-
agreeable month with an. unusual amount of snow. Temperatures were such
that alternating periods of freezing and thawing left the ground either
frozen or muddy. On 22 December, a warming trend set in, which cul-
minated in tempetatures reaching highs of middle sixties to middle
seventies throughout the ~eramec Basin on 28 December. Precipitation
averaged above normal throughout the State, and at Salem and Rolla the S

rainfall  for the month was 5.96 and 3.68 inches above normal,
respecti~yely. During the period 26-29 December, rainfall totaled
2.60 inches at Valley Park, 3.85 at Pacific , 4.00 at Richvoods, 4.05
at Gerald, 4.08 at Belleview, 4.54 at. Union, 4.70 at Rolla, 5.22 at
Owensville , 5.37 at Meramec State Park, and 7.02 at Salem. The
weighted average rainfall for the basin was 4.93 inches.

b. Flood stages. This heavy rainfall of 26-29 December resulted 
S

in unusually high water and flood conditions. At most stations, cres t
stages were the highest of record for December. Monetary losses were
considerably lessened because of the time of the year the flood occurred.
At Eureka, the cres t stage reached 31.78 feet and discharge reached . 

S

69 ,600 on 30 December. Other crest stages in the basin were: 22.0 feet
at Steebville on 28 December, 19.00 at Union on 29 December, and 22.0
at Byrnesville on 28 December. Runoff from the storm from watershed
above Eureka was about 2.93 inches.

22. JUNE 1945 FLOOD

a. Rainfall. The storm producing this flood , the largest since
1915, occurred from 5 June through lb June and was most intense in the
upper reaches of the basin, centering around Belleview where 10.84
inches of rain fell, with 7.93 inches and 8.23 inches at Steelville
and Cuba in the center of the basin above Eureka. Other amounts were:
2.53 inches at Union, 2.39 at Moselle , 1.85 at Pacific , and 2.03 at
Valley Park. About 30 miles southwest of Rolla, a very heavy and
intense rain of cloudburst proportions fell locally at Newburg, Phelps
County, on the afternoon of 8 June, resulting in a flash flood which
drowned five person.s and caused property damage estimated at $277,000.
Estimates of the torrential downpour vary from 5 to 8 inches.

C-8
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b. Flood s tages. The 5-month period preceding the flood was
the wet tes t  in the State for the previous 58 years . During the f i r s t
6 months of the year , there was as much or more precipitation as
normally occurs in the whole year , particularly in the southern part
of the State . The average rainfall over the watershed above Eureka
for the storm period was 6.12 inches. The crest of this flood was
2.2 feet below the 1915 flood crest at Steelville , 1.5 feet below
Sullivan , 3.3 feet below Eureka, and 4.85 feet below Valley Park. The
crest occurred at Eureka at 5:00 AN , 11 June, with a maximum stage of
36.94 feet and a peak discharge of 120,000 c.f.s., the average runoff
from the watershed above Eureka being 3.71 inches. The lowlands of
the Neramec River were inundated , resulting in total loss of crops
and extremely heavy property damage in the lower part of the valley
around Valley Park and Times Beach.

23. JANUARY 1950 FLOOD

a. Rainfall. January 1950 was an extremely mild and wet month.
S The outstanding features were the heavy and excessive rainfall in the

southeastern section and the unusually high daily temperatures for
January. The mean temperature was 35~~70 , or 4.80 above normal.
The average precipitation , 5.52 inches , was 3.21 inches in excess of
the normal. Average precipitation for the month in the southeastern
section of the State was 10.41 inches , or 7.18 inches above normal.
At three stations in the Meramec River watershed , long-term records
indicate the following monthl y r a in fa l l  and departure from normal:
Rolla , 6.48 inches or 4.02 inches above normal; Salem , 7.33 inches or
4.61 inches above normal;  and Union , 5.47 inches or 3.15 inches above
normal. For the period 1-6 January , rainfall in the basin ranged from
3.10 inches at Vichy to 4.98 inches at Cook Station and was distributed
throughout the basin relatively evenly .

b. Flood stages. A large amount of precipitation in the south- S

eas t portion of the State was in the form of freezing rain and , as a
result , considerable ice accumulated. In spite of the heavy icing
condition, considerable flooding occurred in the basin. On the Meramec
River itself , stages of 18.74, 25.5, 33.01, and 30.0 feet occurred ,
respectively , at Steelville , Sullivan , Eureka, and Valley Park. On
the Big River , a stage of 23.91 feet was reached at DeSoto, and 25.23
feet was the peak at Byrnesville. While the flooding on the Bourbeuse
River was not as severe as for the Big River and Meraxnec River, never-
thele.~s, stages of 28.00 feet and approximately 19.5 feet were reached
at Spring Bluff and Union, respectively. The peak flow reached at
Eureka was 79.700 c.f.s., and runoff for the storm of 1-6 January
equaled 2.47 4.nches over the basin above Eureka.
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24. JUNE-JULY 1957 FLOOD

a. Rainfall. June 1957 rainfall ranged from generally heavy
in the southern part of the State to much lighter in the northern
sections . The June totals exceeded 10 inches over a large area west
and south of St. Louis. For the State as a whole , June 1957 wa s the
wettest June since 1951. Precipitation during June exceeded the 25-
year means at almost all stations south of the Missouri River. The
St. Louis vicinity received several times the long-term mean.
Beginning on 26 June , a series of showers occurred over the Meramec
Basin and continued until 2 July , with extreme ly heavy rainfall in

S the lower end of the Meramec River Basin on 1 July . Rainfall for
the period 26 June to 2 July 1957 within the Meramec River Basin ranged
from 11.74 inches at Gerald to 2.45 inches at Potosi.

b. Flood stages. The resulting flood was , principally , a down-
stream flood. Heavy thundershowers caused major flooding in the Valley
Park area on 2-3 July . The Meramec River at this point rose to 16 feet
above flood stage. It was necessary to evacuate 800 people from about
200 homes. At Steelville on the upper Meramec River , flood s tage was
not reached , but at Sullivan and Eureka stages of 22.61 feet and 35.77
feet, respective ly ,  resulted. On the Bourbeuse River , a stage of 34.71
feet was reached at Spring Bluff , while that reached at Union was
24.44 feet. Resulting stages on the Big River were 27.15 feet at

P DeSoto and 26.41 feet at Byrnesville. The peak discharge reached at
Eureka was 99,500 c.f.s., and the volume of runoff passing Eureka from
this storm was equivalent to 3.13 inches of runoff over the upstream
drainage area.

25. PERIODS OF SUBNORMAL RUNOFF

Subnormal runoff occurs annually within the Merainec Basin for
periods of 1 to 8 months , but these periods are generally of such
short duration as to cause only minor inconvenience and damage in
restricted areas. Since stream flow records in the basin are not
generally available prior to 1922, information on deficient runoff is
confined to the 40-year period of 1922-1961. Eureka on the Meraxnec
River , Union on the Bourbeuse River , and Byrnesville on the Big River
have records of 40-year duration. Only those periods at these gaging
stations, when runoff was subnormal for 12 or more consecutive months ,
were studied in detail. Results are shown on TABLES C-6 to C-8.
Records at these three gaging stations indicate that, while each may
have periods of low flow not in common with the others, they do have
in common five prolonged periods of subnormal flow in the 40 years of
records. These periods are 1930-31, 1933-34, 1939-41, 1952-55, and’
1955-57. By far the most severe period for duration as well as
accumulated deficiency was that for the 1952-55 period. Furthermore,
with a break of only 1 to 2 months , this drought continued until
January 1957. Flows at Eureka, Missouri, for this combined 1952-55
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and 1955-57 period were only 39 percent of normal for a period of
1,737 days . This accumulated deficiency amounted to 6 ,315,732 acre-
feet of runoff at Eureka.

26. FLOOD PROFILES

Data on peak flood stages and high water marks for the Mer~~ec ,
Big, and Bourbeuse Rivers were compiled and used in defining profiles
for various floods of record. Few, if any, high water marks are
available for tributary streams , and those that are available are in
extreme lower reaches and reflect backwater from main streams . F lood
profiles. for floods of record are shown on PLATES C-6 to C-8.
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SECTION IV - EVAPORATION AND INFILTRATION LOSSES

27. GENERAL

The primary concern of the present study with evaporation is in
the realm of water losees from reservoir surfaces. The design and
operation of the reservoirs must take into account the effects of
evaporation on the dependable minimum yields of proposed projects .
This section presents available evaporation data and the results of a
study of infiltration losses .

28. EVAPORATION

From records at Lakeside , Missouri , and Washington University ,
St. Louis, Missouri, the veighted average annual evaporation from
evaporation pans was estimated at 52.3 inches . With a pan coefficient
of 0.76 , the maximum average monthly evaporation of 6.38 inches occurred
in July and the minimum of 1.04 inches in December. Annual and month ly
evaporation is tabulated below. These data are in reasonable agreement
with information published by U. 8. Weather Bureau , Technical Paper
No. 37 , “Evaporation Maps for the United States”.

Weighted average annual and monthly evaporation
Meramec River Basin

Weighted
S average * Reservoir -

evaporation evaporation
Month pan (inches) (inches)

January 1.43 1.09
February 1.70 1.30
March 3.39 2.59
April 4.97 3.80
May 6.22 4.75
June 6.77 5.17
July 8.35 6. 38
August 7.12 5.44
September 5.24 4.02
October 3.65 2.79
November 2.13 1.63
December 1.36 1.04
Annual 52.33 40.00

* Pan coefficient 0.76 .

C—l 2
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29. ANNUAL WATER BALANCE

While detailed study of evapotranspiration loss was not attempted
in this study, the average annual precipitation for the basin is 39
inches; and the average annual runoff at Eureka, Missouri , is 11 inches
over upstream drainage area for an average annual loss of 28 inches.
Due to the detailed nature of the study required, no attempt was made
in the report to delineate the various losses.

30. INFILTRATION

Runoff factors and average infiltration rates were computed at
each of the gaging stations with records starting in 1922 for flows
which exceeded bankfull. A total of 202 “station—storm” average infil-
tration rates was determined. Results of this study indicate that there
is no well~defined geographical subdivision of the Meraniec River Basin
as far as infiltration rates are concerned. However, adjustment of
infiltration losses for season and for antecedent rainfall conditions
was made in the study. TABLE C-9 shows over-all basin infiltration
characteristics by hourly rates.

C-13



SECTION V - BASIC HYDROLOGY STUDIES

31. SCOPE OF BASIC STUDIES

The comprehensive deve lopment of water resources fbr a river
basin requires planning with the use of certain basic ihformation and
analyses in order to evaluate properly the potential of these resources.
Information referred to herein consists of basic data oi physical
characteristics, precipitation, runoff, evaporation, ani infiltration,
which were covered in preceding paragraphs of this appe*dix. Analyses
of various combinations of these data provide the basic hydrologic
means of planning in the comprehensive basinwide devebo~ment of water
resources. The studies required in these analyses for the Meramec
River Basin are presented in subsequent paragraphs.

32. MASS CURVES

Published records of mean monthly stream flow were used as basic
data in the preparation of mass curves within the M.ra~ec River Basin.
Mass curves were prepared for the stations that had 40 years of con-
tinuous record and the tabulations were prepared from Ictual observed
flows. The standard period was 1922-1961, inclusive. A sample mass
curve for the Meramec River at Steelville is shown on PLATE C-9.

33. MASS CURVES FOR CRITICAL LOW-FLOW PERIOD

Mass curves of runoff during the most critical pel’iod were
developed at each of the proposed reservoir sites. Pidwe at the
nearest downstream gaging station were adjusted by the ratio of drainage
areas. By use of the theoretical flow at the site and application of
pertinent evaporation losses, the flow that could be sdstatned through- S

out the critical period by use of available storage waC established. S

34. CURVES OF EXCESS RUNOFF

Automatic Data Processing equipment was used in the development
of these curves. Daily flows at gaging stations were donverted into
cubic feet per second per square mile. Values of f booS control
release, expressed in cubic feet per second per square mile , were
assumed and the daily converted flows were scanned. Titose in excess
of the selected release were accumulated throughout eadh excess period.
Thus, for any location of proposed reservoir, the valuda of excess
developed need only be multiplied by the drainage area at the proposed
site to determine the storage in the flood control pooi for that period.

C -14
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35. CURVES OF DEFICIENT RUNOFF

A similar procedure to that described in the preceding paragraph
was used in the development of these curves . However , in this case ,
flows less than the selected value were accumulated throughout each
deficient period. In order to facilitate the economic evaluation of
storage required versus releases from the various reservoirs within
the l4eramec River Basin, without the necessity of developing mass curves
of runoff at each of the sites, sufficient selected values of flow were
used to permit development of curves of flow versus deficiency at each
of the principal stream gaging stations. The unit used for both
selected flow and accumulated deficiency was cubic feet per second per
square mile. Based on the assumption that the yield from ungagea areas
is proportional to that from areas gaged downstream in a ratio of
drainage areas, it is possible to go to the proper curve with a flow
requirement at any reservoir site and determine the flow deficiency at
that point. Since the curve expresses deficiency in cubic feat per S

second per square mile and because deficiency and storage required are
one and the same, the storage required for a specified release during
the critical low-flow record can be computed.

36. FLOW DURATION CURVES

Data taken from U. S. Geological Survey Water Supply Papers were
used in the preparation of mean daily flow duration curves for the
Meramec River Basin. Curves were developed for the following stations
in the basin: 

-

Eureka on the Meramec River
Sullivan on the Meramec River
Steelville on the Meremec River
Byrnesvt lie on the Big River
DeSoto on the Big River
Union on the Bourbeuse River

Since the data ussd in the development of the curves were observed
flows without reservoir modification , they reflect existing conditions
within the basin. The flow duration curve thus developed for Steelville ,
Missouri, is shown on PLATE C—b .

37 FREQUENCY ANALYSES OF PEAX FLOWS

U. S. Geological Survey stream flow records for seven stations in
the Meramec River Basin were used in frequency analyses. Records avail-

S able for ins tantaneous peak flows ranged from 43 years at Union to lb
years at DeSoto. In addition , stage records at Valley Park were
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available for a period of 43 years and were converted into flows by
use of a rating curve so that a flow frequency curve could be developed
at that location .

38. NOMENCLATURE

The item “frequency curves” refers to the cumulative frequency
distribution of the logarithms of the annual peak flows based on
calendar years. This curve, being representative of cumulative fre-
quencies in descending order of magnitude , indicates the percent chance
that an annual peak will be equaled or exceeded and may be designated
“exceedence frequency”. The terminologies “percent chance of occurrence”
and “exceedence frequency” are interchangeable. The following are
symbols used in the frequency analyses of peak f lows:

m = Mean of logarithms of annual peak flows, log Q~.

8 = Standard deviation, which is the root-mean-square
deviation of the logarithms of the annual peak flow.

in + 8 — Logarithms of annual peak flow with b5.9 percent
exceedence fr equency , log Q(m + 8).

= Annual peak flow in c.f.s. having 50 percent
exceedence frequency .

Q(m + 8) = Annual peak flow in c.f.s. having 15.9 percent
cxc eedence frequency.

The values of m and 8 used in the frequency generalizations are those
adjusted values shown in the following tabulation under “Extended
Record”.

Sunmiary of peak frequency statistics

Drainage Period of Record Extended period
Stream Location area Yrs. m 8 Yrs. in 8

Meramec Valley Park 3,850 47 4.5780 0.3000 47 4.5780 0.3000
Meramec Eureka 3,788 38 4.5230 0.2786 47 4.5979 0.3029
Meramec Sullivan 1,475 38 4.2836 0.3194 47 4.3757 0.3010
Meramec Steelvilbe 701 37 4.1348 0.3456 47 4.2370 0.3157
Big River Byrnesville 917 37 4.1664 0.2396 37 4.1664 0.2396
Big River DeSoto 718 11 4.2328 0.2797 37 4.1989 0.2586
Bourbeuse Union 808 45 4.1350 0.2240 45 4.1350 0.2240
Bourbeuse Spring Bluff 608 16 4.1874 0.2630 45 4.2130 0.2080
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39 • DEVELOPMENT OP FREQUENCY CURVES FOP. INDIVIDUAL STATIONS

In the initial phase of this study , frequency curves were developed
comparing Hanen, extreme value , and Beard’s methods . From analylis of
these , it was found that the Beard aethod most nearly reflected àondi—
tions in the basin. Thus, the basic statistics , the mean (a) , aid the
standard deviation (E) were computed analytically for each of the
individua l gaging stations following the Beard method. Strai ght , line
frequency curve s were drawn on log probability paper with slopes -equal
to the standard deviations and with the means at 50 percent p robability .

40 • ADJUS~~1ENT TO LONG-TERM RECORD

In each of the three main contributin g drainage areas , one gaging
station had a period of record substantially longer than othe r stations
on the r.ipective stream. These “base ” or “long—term ” stations were
Valley Park on the Meramec River, Brynesville on the Big kiver, and S

Union on the Bourbeuse River. Correlation studies to be aescr ibad in
subsequent paragraphs made it evident that extension of record should
be limited to that of the “long—term” station within the individual
basins . Initially, the (a) and (1) were derived for each station for
the actual period of record . Another (m) and (Z) determination was
then made for the “long- term ” station , but only for the years of record
of the short—term stations. This ratio of bong-term (a) and (1) to
short—term was then applied to the period of record (a) and (1) for the
stations with shorter records , and synthetic “ long-term ” (a) and (1)
values resulted. Sample frequency curve and adju s tment to long-term
record are shown on PLATE C-lb.

41. FREQUENCY ANaLYSES - HIGH MEA N FLOWS

Aut omatic Data Processing equipment was used in determ inati on of
the highest mean flow for 1, 3, 5, 10 , 15, 20 , 30 , 60 , 90 , 120, and 180
days and mean yearly flow for each calendar year . This procedur . was
followed at each gaging station for the respective p.rLo~t’of record .
From these statistics , frequency curves were developed fb~ each station
and each conditi on. The method for extension of record previou s ly
described for peak flow. was not applicable here because , while peak
flows for “long—term” records at “bass” stations were available , daily
flows were not. Sample curves are shown on PLATE 0.12. 

-

42. GENERALIZED FLOOD FREQUENCY STUDIES

Prior paragraphs have dealt wi th th. derivation of frequency curves
at gaging stations within the Meramsa River Basin. Th. fact that a
comprehensive basin study requires study of all are as , gaged and ungaged,
made necessary a study of the possibility of development of generalized
or regionalized frequency curve s , which could be used in tributary and

C—li

L

-5- 55 5555~~ 5~~_555 55



~ 

~~~~~~~~ 
-

h~adwa ter areas , where records are not available , with reasonable con-
fidence in their accuracy. An attempt was first made to prepare
generalized frequency curves which would be applicable to the entire
Meramec River Basin. It was thought that a reasonable relationship
should exist between bas ic , in , and in + 8 , prev iously developed , and
one or more of the following: drainage area, stream s lope , stream
length , or ratios of one to another. In all cases , on a basinwide
analys is , the scattering of plotted points was so divergent as to be
meaningless.

43. FINAL RESULTS OF FREQUENCY STUDY

The final decision was to deve lop separa te general ized freq uency
curves for the Meraniec, Big, and Bourbeuse Rivers. The 200-, 100-,
50-, 25-, 20-, 10-, 5-, and 2-year frequencies at each of the gaging
stations were converted into cubic feet per second per square mile and
plotted against the proper drainage areas. The slope of the lines was
established from use of a minimum amount of short-term data for small
areas. Sample generalized frequency curves are shown on PLATE C-13. S

Copies of these curves were forwarded by letter, LMLED-H, U. S. Army
Engineer District , St. Louis, 6 November 1962 , subject: “Meraniec
River Basin - Generalized Frequency Curves (Revised)”, and approv ed
by 2nd Indorsenient thereto , ENGCW-EY , Office , Chief of Engineers ,
28 November 1962.

44. MODIFICATION OF FLOOD FREQUENCY CURVES

A bas ic tool for der ivat ion of flood control benef its attribu table
to specific projects is the flood frequency curve and its modification
by flood control projects . Determination of the effec ts of a specif ic
project or projects at downstream damage reaches is accomplished by
adjustment of the frequency curves so as to indicate the reduction of
peak flow brought about by operation of the projects . These adjust-
ments were made by holding the natural frequency of a particular flood
cons tant and plotting the modif ied peak discharges at the same
frequency. Effects of the proposed reservoir projects on major floods
of record and hypothetical basin floods were determined and plotted
as reduced peak flows below the natural frequency curves. Modified
frequency curves were drawn through these points using natural curve
as a guide. This modification is shown on PLATE C-l4.

45. FLOOD FREQUENCY ANALYSES FOR DAMAGE INTEGRATION 
S

Annual flood peaks were analyzed following procedures outlined in S

Technical Memorandtmi , dated 13 January 1961, subject: “Hydrologic S

Relationships Pertaining to the Generalized Flood Hydrograph - Damage S

Integration (F~1G), Method of Estimating Flood Damages in AgriculturalAreas ” . Flood peaks were analyzed at four long-term stations within 
S
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the basin, and the necessary curves, charts, and graphs were developed
whereby damages could be determined.

46. LOW-FLOW FREQUENCIES

With regard to agricultural and industrial operations and domes tic
and municipal water needs , the lowest ins tantaneous discharge during a
given time period is not, in itself , of primary concern. The most
damaging effect of low flows results from subnormal flow for a pro-
longed duration. Therefore, the frequency curves for low flows in the
Meraniec River Basin are based on the lowest mean flow for duration of
1, 3, 5, 10, 20 , 30, 60, 90 , .120 , and 180 days. These curves are
readily convertible to volume for duration—volume studies. Sample low-
flow frequencies are shown on PLATE C-15.

47. DRAINAGE AREA VERSUS RIVER MILEAGE 
-

Drainage areas as published in the U. S. Geological Survey Water
Supply Papers were accepted for use at each of the gaging stations ~n
the Meramec River Basin. As various phases of the study were reached,
drainage areas were determined for (1) all principal tributaries of the
three main streams, (2) at each proposed reservoir site, and (3) for a
number of intermediate locations that were desirable in key areas. By
making use of all such drainage areas developed, a graph of drainage
area versus river mileage for each of the three main streams was derived.
An example of this type of chart is shown on PLATE C-16.

48. UNIT HYDROGR.APHS

The comprehensive basin study requires a means of development of
synthetic flood hydrographs of runoff from hypothetical storms over
both gaged and ungaged areas. Unit hydrographs are the basic tools for
accomplishing this. Unit hydrographs were derived from observed floods
at existing or discontinued stream gaging stations in the basin. For
ungaged areas, unit hydrographs were developed synthetically from
generalized studies utilizing empirical relations of unit hydrograph
features versus basin characteristics. Analysis of all available basin
rainfall and runoff data was necessary in order to best develop unit
hydrographs of observed floods.

49. BASIC DATA AVAILABLE FOR DERIVATION OF UNIT HYDROGR.APHS AT GAGING
STATIONS

Stage and stream flow data were obtained from U. S. Geological
Survey records. Additional stage and precipitation data from the
U. S. Weather Bureau and Corps of Engineers records were used. Study
of all available data indicated that for the period of record there
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was no single basinwide storm suitable for deve lopment of unit hydro-
graphs at all gaging stations . The year 1945 was a flood year of great
magnitude throughout the basin but , because of the nature of the pre-

S cipitation at most gaging stations , the runoff hydrograph was a series
of peaks which were difficult , if not impossible , to separate one from
another. At three tributary gaging stations of short-term record , only
one storm was available for analysis , but at main stem gaging stations
the number of storms analyzed in order to develop an average unit
hydrograph for individua l stations ranged from a minimum of three at
DeSoto and Spring Bluff to a maximum of eight at Byrnesville.

50. FLOOD CRITERIA FOR UNIT HYDROCRAPH STUDIES

— Primary requirement for selection of storm s to be used in the
derivation of unit hydrographs is the availability of sufficient hourly
precipitation data so that time and areal distribution of precipitation
can be well delineated. General criteria used in selection of storm
flood periods were :

a. That the volume of flood runoff be in excess of 1 inch if
S 

possible .

b. That the hydrograph of flood runoff  be a wel l -def ined , single-
peaked , well-isolated event, as free as possible from effects of ante-
cedent or subsequent precipitation.

c. That continuous stage records be available for the period
involved.

51. DEVELOPMENT OF UNIT HYDROGRAPHS

U. S. Weather Bureau Climatological Bulletins were used as a
source of hourly records of precipitat ion.  Total storm ra infa l l  for
both recording and non-recording stations was plotted on the map and
isohyet als were drawn . The drainage area was subdivided by a series of
Thiessen polygons defining areas which were nearest the various report-
ing stations . Following procedures as outlined in paragraph 16 of
EM 1110-2-1405 , “Flood-Hydrograph Analyses and Computations ” , unit
hydrographs were developed for each gaging station and each storm run-
off per iod that, in general, fulfilled the adopted criteria. From
these numerous hydrographs, an average unit hydrograph was adopted for
each station giving greater weight to those that more nearly approached
ideal conditions. These unit hydrographs, on appropriate form s pre-
scribed in CWI Project CWI-153, were forwarded by letter , LMLED—H,
U. S. Army Engineer District, St. Louis, 29 September 1961, subject:
“Request for Field Conference - Hydrology and Hydrau lics - Meramec
Basin Investigation”, with request for field conference on 11-12 October
1961. Paragraph 5 of the minutes of said conference indicates that
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derived unit  hydrographs were sat isfactory . Sample derivation.s of unit
graphs are shown on PLATES C-17 and C-17A . Characteristics and ordinates
of these derived unit hydrographs are tabulated in TABLE C-10.

52. SYNTHETIC UNIT HYDROGRAPHS FOR UNGAGED AREAS

The need for unit hydrographs for ungaged areas has led to develop-
ment of several methods of derivation of synthetic unit hydrographs.
The following methods were used to develop these synthetic unit hydro-

S 
graphs .

S a. “Unit-Hydrograp h Lag and Peak Flow Related to Basin
Characteristics” , by Arnold B. Taylor and Harry C. Schwarz , as presented
in Transactions , American Geophysical Union , Volume 33, Number 2 , dated
April 1962.

b. “Synthetic Unit-Hy drographs for Small Watersheds”, by Don M.
Gray , as presented in Journal of the Hydraulics Division , Proceedings
of the American Society of Civil Engineers , Vo lume 87 , Number HY4 ,
Part 1, July 1961.

c. “Synthetic Unit Graphs ” , by Franklin F. Snyder , Transactions ,
American Geophysical Union , Part 1 , 1938 , pages 447-454 .

In order to find the method best adapted to the Meramec River Basin
Study ,  each of the three methods was used to develop a unit hydrograph
for one of the gaged areas and compared with the one for that location
which was derived from observed data. Results obtained from the use of
method “b” we re inconclus ive and considered to be unsatisfactory .
Method “a” checked very well for peak f lows , but appeared to have
unusually long lags for small areas and unus ually short lags for large
areas , with the area of best agreement at about the 400-square mile
range . As a result , method “ c” was used in f inal development of
synthetic unit graphs .

53. BASIN CHARACTERISTICS

In order to determine bas in characteristics to be used in develop-
ing synthetic unit graphs for ungaged areas , the Ct and Cp64O values
derived in the development of the natural unit hydrographs were plotted
against drainage area. PLATES C-19 and C-20 show these curves . For
each location where a synthetic unit hydrograph was desired , the drain-
age area was planimetered , length (L) was measured from U. S. Geological
Survey quadrangle sheets , Lca was determined by method indicated on
page 11 of EM 1110-2-1405 , and C~ and Cp64O values were taken from the
above curves . Unit hy drographs were then developed by use of the
nomograph developed by Omaha Distr ict  Corps of Engineers . Sample
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synthetic unit graph is shown on PLATE C-21. Characteristics and
- ordinates of synthetic unit hydrographs are tabulated in TABLE C-il.

For locations of reservoirs at which synthetic unit hydrographs were
developed see PLATE C-l8 .

54. STREAM FLOW ROUTING

Routing studies under natural conditions were made us ing the
average-lag method. Automatic Data Processing equipment was used
extensively in this operation. In the initial phase of the routing
s tudy , reaches of the river were limited to those between gaging
stations . A preliminary estimate of flow time between stations was
established by a study of peak times at the stations and measured
velocities under various flow conditions. Results of this study
indicated relatively short flow times in some reaches , so that it was
decided to use 6-hour ordinates in the process of averaging and
lagging. Within the relatively broad limits established by the pre-

S liminary study , numerous combinations of average-lag constants were
applied to ordinates of a flood of record until “best-fit” was

S reached at downstream location. Using these constants , a routing
of a second flood of record was made to verify results.

55. HEADWATER STREAM FLOW ROUTING

With the realization that routings from upstream points , as well
as from tributary sources , would be necessary , the following procedure
was adopted. By use of rainfall intensities and areal distribution
derived in the study of unit graphs from floods of record , rainfall
increments were applied to synthetic unit graphs developed at all pro-
posed reservoir sites and at the mouths of all principal tributary
streams . Wherever possible , these synthetic runoff hydrographs were
checked against high water marks and adjus ted if necessary . Then ,
following procedure identical to that for reaches between gaging sta-
tions , average-lag constants were established and verified. This
procedure made necessary a further breakdown of reaches. In general ,
these reaches were established , on tributaries , from proposed reservoir
site to mouth of stream and, on main stem , as reaches between points
at which principal tributaries entered the river in question.

56. RECONSTITUTION OF FLOOD HYDROGRAPHS OF RECORD

The 1945 and 1957 flood hydrographs for each gaging station on
the main streams were reconstituted by the average-lag method . The
reconstituted hydrographs compare favorably with the actual observed
hydrographs. Comparison of observed and routed hydrographs appears
on PLATE C-22.
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57. ROUTING OF MODIVIED FLOWS

The average-lag method was also used in routing of flows as
modified by individual reservoirs or systems of reservoirs. Essentially
the same procedure was used as under natural conditions except that
reservoir inflow hydrographs were developed to determine the flood
hydrographs of inflow into each reservoir. An example of the individual
contributions of natural flows for the sub-areas involved is shown on
TABLE C-12. For those reservoir sites classified as major sites, the
flood control storage was established as 100 percent of runoff from
“Standard Project Storm”, and the effects of these reservoirs on down-
stream reaches were easily determined. However, for sites of lesser
capacity, flood hydrographs were routed through reservoir storage to
determine releases effective downstream.

58. FLOOD CONTROL CAPABILITY OF RESERVOIRS

As a part of the flood routing studies, a comparison was made of
flood control capabilities of three major reservoirs proposed at Meramec
Park , Union, and Pine Ford versus numerous smaller reservoirs on tribu-
tary streams. For the purpose of this comparison, it was assumed that
reservoirs would be built at or very near the mouths of 20 different
streams tributary to the Meramec, Big, and Bourbeuse Rivers upstream of
Eureka on the Meramec River. The drainage area of the individual
tributary streams varied from 36 square miles to 382 square miles, with
the total area controlled by this method being 2,100 square miles.
This compares with a controlled drainage area of 3,050 square miles
above the three major sites mentioned above. An assumed runoff of
1 inch over the entire basin was routed downstream to Eureka, with
each of the systems considered to be in place. This study indicated S

that the three major reservoirs had essentially the same flood control
capability at Eureka as the 20 tributary reservoirs.

59. ROUTING THROUGH RESERVOIR STORAGE

Storage requirements for flood control at each proposed reservoir
site were established as 100 percent of design storm at individual
site less flood control release over a period of time equivalent to
the width of the natural hydrograph at a flow equal to that established
as “non-damaging”. Once the spillway crest elevation was established
at each site, routings to determine surcharge were made following pro-
cedure outlined in an article by H. K. Barrows, entitled “Reservoir
Storage Above Spillway Level”, appearing in “Engineer Notebook” of
American Society of Civil Engineers’ publication “Civil Engineering”.
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60. FREQUENCY FLOOD PROFILES FOR NATURAL CONDITIONS

In developing flood profiles for various frsqu.ncy storms , the
generalized frequency curves previously discussed were used to compute
peak flows at key points where sufficient field data were available to
derive rating curves. These peak flows thus developed were applied to
the rating curves to establish elevation at thes. points. These points
were then connected to form a flood profile using riverbed prof iles and
high-bank profiles as guides in shaping the prof-il.. between key points.

61. FREQUENCY FLOOD PROFILES FOR MODIFIED CONDITIONS

Several basic assumptions were made in this phase of the study .
It was agreed that points on the profiles for modified conditions
should be developed at the same key points as used in natural conditions .
A further assumption was made that, since the storm resulting in any
given frequency flood at a given point in the basin remains unchange d
whether or not flood control projects were in place, the same c.f.s.
per square mile factor used in deriving points under natural conditions
can be used for modified conditions but that the drainage area must be
reduced by the area controlled by the reservoir or system of reservoirs .
Since time is not a factor and precisely the same storm does not result
in the same frequency flood in different parts of the bas in and, fur ther-
more, peak flow alone determines flood profiles, it was felt that this
approach was surely as accurate as the basic data available. Th. alter-
nati ve approach would be a very complex development of frequency flood
hydrographs for innumerable locations within the basin and routing of
these flows through many alternate systems of reservoirs. For those
reservoirs in which flood control storage was not sufficient to com-
plete~y control, a series of routings for floods of greater frequency
was made to determine at what frequency control became negligible. S

62. DRAINAGE AREA VERSUS TIME OF TRAVEL

Upon completion of the routing studies, which established lag
constants for the basin, it- was possible to combine these results
with those developed in paragra ph 47 and prepare a map of draina ge
area versus time of travel. In this study , the time of travel was com-
puted to the key gaging station at Eureka. This map is shown on
PLATE C-23.

C_V. 
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SECTION VI - HYPOTHETICAL FLOODS AND DESIGN CAPACITIES

63. PROBABLE MAX IMUM PRECIPITATION FOR MERAMEC RIVER BASIN

At the request of the Office , Chief of Engineers , the
Hydrometeorological Section of the U. S. Weather Bureau prepared an
estimate of probable maximum precipitation for the Meramec River Basin
in December 1961. The estimate , so prepared for duration and depth for
the total drainage area of 3,955 square miles , is tabulated below.

Probable maximum precipitation for Meramec River Basin

Duration (hr.)

6 12 18 24 30 36 42 48 54 60 66 72
- 

Depth (in.)

9.2 11.9 13.6 15.1 16.2 17.2 18.0 18.8 19.3 19.7 20.1 20.5

The curves for areas up to 1,000 square miles are from Hydrometeorological
Report No. 33, while those for larger areas are from the envelope of
observed storm depths adjusted for moisture and transposition. Three
storms control the areas of 1,000 square miles and greater. The Bonaparte ,
Iowa , storm of 9-10 June 1905 (UMV 2-5) controls for the shorter
durations ; the Hallett, Oklahoma , storm of 2-6 September 1940 (SW 2-18)
controls the 12- and 24-hour durations of 1,000- and 2,000-square mile
areas; the Warner , Oklahoma , storm of 6-12 May 1943 (SW 2-20) controls
the larger durations. The area-depth curves were modified somewhat in
the larger areas to make a smooth transition to those of the adjusted
storm data. The Meramec River Basin is shaped somewhat like a paral-
lelogram with its long axis oriented northeast-southwest and , therefore , -

climatologically favorable for a good fit for many observed isohyetal
patterns with little or no rotation . An idealized elliptical isohyetal

S pattern was therefore used for the total area of the basin. A basin
shape factor of 0.93 was determined as the portion of the pattern storm
which would fall within the Meramec Basin assuming the best fit. The
6—hour ra infa l l  increments were arranged in critical time sequence as
shown on Plate 10 of Civil Works Engineer Bulletin No. 52-8.

- 64. STANDARD PROJECT FLOOD - GENERAL

The “standard project flood” is defined , in general , as the runoff
hydrograph from the “standard project storm” and is used as a standard
against which the degree of flood protection may be compared with
similar projects in other localities. The standard project storm
estimate represents the most severe flood producing rainfall depth-
area-duration relationship and isohyetal pattern of a storm that is

C-25

-5-5 
--~~~~~~~~~~~~~~~~~~~~



F V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

considered to be characteristic of the region in which the basin is
located after consideration is given to the runoff characteristics of
the basin. In this study , the standard project storm was assumed to
be 50 percen t of the probable maximum precipitation, with a rainfall
isohyetal pattern similar to that shown on Plate 12 of Civil Works
Engineer Bulletin No. 52-8.

65. STANDARD PROJECT STORM - GAGING STATIONS

The procedure outlined in Civil Works Engineer Bulletin No. 52-8
was used in arranging the standard project storm 6-hour rainfall incre-
ments in the most critical time sequence. The standard project flood
hydrograph, generated by the standard project storm, was computed using
infiltration rates of 1.00 inch for initial loss and 0.08 inch per
hour thereafter. The standard project flood was computed at each of
the seven presently active gaging stations on the three principal
rivers in the basins with the storm centered (1) over the entire Meramec
Basin, (2) over the Big River Basin, (3) over the Bourbeuse River
Basin, and (4) over the Meramec River alone. The results are shown in
TABLE C-13.

66. STANDARD PROJECT STORM - RESERVOIRS

Standard project storms were also centered above each of the major
and intermediate reservoir sites. Flood control storage allocation at
the major sites was based on complete containment of standard project
flood runoff less flood control releases. At the intermediate reser-
voir sites , the standard project flood hydrograph was routed through
the spiliway to determine surcharge and in turn establish top of
embankment.

67. RESERVOIR DESIGN FLOODS

At all reservoir sites classed as major, the reservoir design
flood was the standard project flood resulting from the standard
project storm centered above the reservoir site. However, for reser-
voirs classed as intermediate and headwater, the design flood was com-
puted as the runoff from a 50-year storm less flood control releases for
the duration of the runoff hydrograph. Basically, the rainfall used was
the 6-hour, 50-year rainfall at St. Louis, Missouri, expanded into a 24-
hour storm , adjusted for drainage area , and arranged in a critical
time sequence. A total of 24 storms which occurred over or ismiediately
adjacent to the Meramec River Basin was analyzed for depth-area-
duration relationship. The individual storms were broken down into
6-hour increments occurring over 10-, 100-, and 200-square mile areas .
These data were then plotted into two curves, one of which presented
an average accumulation of rainfall in percentage of the 6-hour,
10-square mile value. The other curve presented a drainage area
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adjustment in percentage of the 10-square mile value. By use of these
curves, the 6-hour, 50-year rainfall was expanded into a 24-hour s torm
for each drainage area involved. After arrangement into critical time
sequence , initial losses of 0.5 inch and hourly losses of 0.06 inch
per hour were applied to determine runoff. Pertinent data on the
design floods and reservoir flood control capacities for the project
are shown in TABLE C-l4. The flood control storage tabulated in TABLE
C-14 is that required to contain the design flood runoff as computed.
However , in the economic evaluation, it was found that at some reser-
voir sites this flood control storage could not be justified and a
reallocation of storage was made , whereby flood control storage was
reduced and joint-use storage increased by an equal amount, thereby
resulting in the same height of dam at most sites. The final deter-
mination of storage is shown in TABLE C-14A.

68. LEVEE DESIGN FLOODS

In instances where levees were considered for a locality, and
hazard to human life and protection of highly valuable property are
involved, a high degree of protection was assumed warranted. In plan-
ning protection for such areas , a flood of the magnitude of the 200-
year frequency was used. In agricultural or sparsely populated rural
areas , protection against a flood equal in magnitude to the 50-year
frequency was studied. The 200-year and 50-year frequency flood pro-
files , as modified by reservoir operation by the method outlined in
paragraph 61, were superimposed on backwater curves resulting from
coincidental floods of the same frequency on the Mississippi River.
The condition assumed on the Mississippi River was the “EN” reservoir
condition. Modified flows at Eureka for the 200- and 50-year floods
are 65,000 c.f.s. and 45,000 c.f.a.,, respectively. To the resulting
prof iles, 2 feet of freeboard were added to establish the levee grade.

69. SPILLWAY DESIGN CAPACITIES

“Spiliway design flood (SDF)” is defined as the hydrograph selected
as a basis for estimating spillway design capacities and spillway sur-
charges. In this survey , the “spillway design flood” was the runoff
hydrograph from the probable maximum precipitation for all sites
classed as major and the 100-year flood for all other sites.

70. SPILLWAY DESIGN FLOOD

To determine the reservoir inflow hydrographs for the spiliway
design flood, the spillway design storm runoff was applied to the inflow
unit hydrograph at the various damsites. Runoff from the areas adjacent
to the reservoirs, plus 100 percent runoff for the area covered by the
full reservoir, was added to the inflow. Pertinent data for all proj-
ects included in this plan are shown in TABLE C-14.
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71. SPILLWAY LENGTHS S

In estimating spiliway length requirements, the spillway design
flood was routed through reservoir storage assuming various spillway S

crest lengths. It was assumed that, when the spiliway design flood
occurred , the reservoir would be with the water surface at spiliway
crest. Based on these assumptions, the spillway design flood was
routed through reservoir storage for various spillvay lengths, and by
economic analysis reconinended spillway length was chosen for major
sites. For intermediate reservoir sites, essentially the same pro-
cedure was followed. However, surcharge limitations as dictated by
paragraph 9c(2) of EM 1110-2.1101, “Engineering and Design , Project
Formulation and Design Criteria for Small Dams” , resulted in some
spillway crest lengths which were incompatible with topography at the 

5

reservoir sites. Therefoi~e, an economic study was made of 50-foot S

concrete spilivay crest length versus the much longer earth spillvays.
As a result, 50—foot concrete spillways are planned at all inter-
mediate sites, with the exception of 1-21, 1-28, and 1-32. These
three sites have grass spillways with respective lengths of 365 feet,
625 feet, and 1,100 feet.

72. FREEBOARD REQUIREMENTS

Preliminary estimates of freeboard requirements at each of the
reservoirs indicated that in no case would minimum requirements be
exceeded. Therefore , minimum f reeboard requirements of 5 feet were
set at all reservoir sites , whether major or intermediate.

73. OUTLET DESIGN CAPACITIES

For those outlets at multi-purpose projects, where releases for
water supply and flood control are combined in a single outlet through
the dam , maximum design capacities are generally based on flood control
requirements. This is true in this basin as flood control releases
are considerably larger than maximum releases required for water supply.

74. OUTLET SIZE CRITERIA

For plann ing purposes , the outlet capacities are based within the S

S 
framework of the following criteria:

a. Since the outlet will also serve as the diversion during con-
struction of the dam, the structures were sized to pass downstream non-
damaging flow with water surface at bottom of flood control pool. This
also encompasses the need for bank full release as soon as inflow reaches
that magnitude of flow. S 

-
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b. The capacity of outlet works will also be capable of evacua-
tion of all flood control storage in a reasonably short duration after
flood period.

c. Additional gates have been provided in the outlet structure
for discharge of suitable water for water quality control.

75. INACTIVE STORAGE CAPACITIES

Reservoir storage allocated as inactive storage consists mainly
of the volume reserved for sediment accumulation over the assumed life
of the project. It should be noted that a portion of the sediment
will be deposited outside the limits of the inactive pool but within
the over-all limits of the reservoir. The U. S. Geological Survey
collected silt samp les at a number of locations within the Meramec
River Basin. Analysis of these samples resulted in the development
of a curve of drainage area versus sediment production in tons per
square mile annually , which is applicable to the basin as a whole.
This curve was then used in determination of silting potential at all
damsites. TABLE C-l5 indicates 100-year silt accumulation based on
the assumption that all projects are in place and operating and that
each reservoir has a 90 percent retention factor.

U
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C liinato logical data

Meramec River Basin
Long-term mean temperatures

Period
of

Station record Jan Feb Mar 
~~~ ~~y Jun

Arcadia 37 33.7 36.4 44.3 554 63.7 73.1 71

Farmington IE 50 35.1 37.9 45.7 56.3 64.9 74.6 7~

Rolla MSM 61 33.7 36.6 44.7 56.1 65.9 74.1 7

St. Louis Airport 24 32.2 35.7 44.4 55.6 65.4 75.1 7

St. Louis City 124 33.3 36.7 45.3 56.5 66.2 75.8

St. Louis University 49 34.1 36.8 45.0 56.6 66.6 76.7 8

Salem 57 34.1 37.0 44.9 55.5 64.2 73.9 7

Average 57 33.7 36.7 44.9 56.0 65.3 74.8

__________________________________  
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data

Basin
Iperatures

__ __ ~~~ Oct Nov Dec Annual

7 73.1 77.1 76.0 68.5 57.8 44.6 35.7 55.5

9 74.6 78.5 76.8 69.5 58.8 45.4 36,9 56.7

9 
- 

74.1 78.6 77.0 69.7 59.6 45.1 35.8 56.3

.4 75.1 79.7 77.7 70.4 59.4 45.0 35.1 56.3

.2 75.8 80.6 78.6 71.4 60.6 46.0 36.2 57.3

.6 76.7 81.1 78.9 71.5 60.8 45.9 36.3 57.5

.2 73.9 78.0 76.4 68.7 58.5 44.8 36.0 56.0

.3 74.8 79.1 77.3 70.0 59.4 45.3 36.0 56.6

TABLE C-i
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Precipitation network - monthly and ann
Meramec River Bas in

Years
of

S Station record Jan Feb Mar ~~~ M~y Jun

* St. Louis City 124 2.32 1.88 3.64 4.01 4.10 3.80 2

* Herinann 87 2.03 1.75 2.88 3.79 4.56 4.81 2~,

* St. Charles 83 2.27 2.05 3.17 3.81 3.82 3.67 2~.

* Arcadia 83 3.08 2.49 3.92 4.25 4.73 4.54 5

* Jeff. City (Lincoln U.) 79 2.02 1.94 2.46 3.72 4.90 4.65

* Rolla MSM 77 2.21 2.21 3.17 3.81 4.94 5.64 
-

Pacif ic 72

* Farmington 1E 64 2.89 2.54 3.70 4.16 4.78 4.11

* Salem 60 2.27 2.53 3.70 4.20 5.14 4.77 
-

Jerome 59

* St. Louis University 49 2.23 2.25 3.40 3.59 3.54 3.54

* Union 1SE 44 2.12 1.95 3.02 3.75 4.45 4.30 -

Valley Park 44

* Fredericktown 36 3.42 2.65 3.75 4.10 443 4.19

* St. Louis Airport 30 1.92 1.66 3.42 3.93 4.02 4.37

* Long-term Averages 68 2.40 2.16 3.35 3.93 4.45 4.37 -
5
- 
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- monthly and annual mean
River Basin

- r ~~~ Jun Jul ~~~ ~~~ Oct Nov Dec Annual

~01 4.10 3.80 2.91 3.77 3.38 2.90 2.72 2.43 37.86

~79 4.56 4.81 2.82 3.53 3.76 3.23 2.88 1.81 37.85

81 3.82 3.67 2.94 3.45 3.25 2.96 2.79 1.95 36.13

25 4.73 4.54 3.32 3.04 3.36 3.60 3.74 2.44 42.51

72 4.90 4.65 2.92 4.27 4.22 3.55 2.84 1.96 39.45

.81 4.94 5.64 3.12 3.94 3.76 3.69 2.85 2.12 41.46

.16 4.78 4.11 3.75 3.20 3.66 3.42 338 2.22 41.81

.20 5.14 4.77 2.79 3.38 3.82 3.61 3.11 2.51 41.83

.59 3.54 3.54 3.11 3.72 2.89 2.70 2.45 2.02 35.44 5

.75 4.45 4.30 3.37 3.31 3.56 3.12 2.63 1.94 37.52

.10 4.43 4.19 3.45 3.12 3.70 3.51 3.21 2.40 41.93 
5

.93 4.02 4.37 2.58 3.55 3.54 3.08 2.57 2.09 36.73

.93 4.45 4.37 3.09 3.52 3.58 3.28 2.93 2.16 39.22

TABLE C-2
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Maximum precipitation in inches
for St. Louis, Missouri

(1) (1) (1) (1) (1) (1) (2) (2) (2)
5 10 15 30 1 2 1 2 3

Month Mm .  M m .  M m .  M m .  Hrs. Hrs. ~~~~ Q~~
Jan 0.36 0.44 0.53 0.62 0.75 1.03 3.88 4.39 4.39

Feb 029 0.45 0.49 0.63 1.18 1.71 4.44 6.71 6.72

Mar 044 0.71 0.87 1.09 1.24 1.59 3.88 4.47 5.04

Apr 0.41 0.63 0.80 1.11 1.40 2.41 6.29 6.29 6.29

May 0.52 0.80 0.93 1.03 1.65 2.32 4.05 7.32 7.60

Jun 0.50 0.77 1.01 1.47 2.40 3.80 8.74 8.74 9.65

Jul 0.60 1.00 1.30 2.23 3.47 3.68 6.94 7.17 7.18

Aug 0.59 1.04 1.39 2.56 3.36 3.46 8.78 13.57 14.54

Sep 0.56 0.87 1.03 1.53 2.42 3.02 4.19 4.49 4.75

Oct 0.42 0.57 0.73 0.90 1.19 1.52 3.98 5.20 5.57

Nov 0.26 0.37 0.48 0.56 0.78 0.96 3.61 3.76 3.84

Dec 0.40 0.53 0.59 0.64 0.71 0.97 3.04 3.23 3.26

(1) 1903 to 1961, inclusive

(2) 1871 to 1961, inclusive

TABLE C-3
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Monthly runoff of Meraniec RLver at Eureka
Cubic feet per second

_ ~~~ ~~ ~~1 ~~& ~~
1922 1790 2280 7320 15400 2860 1020 985 729 640 791 686 1630
1923 2240 3850 7330 3370 4980 4880 999 1510 798 675 939 380
1924 1370 2610 3120 4650 6240 7940 3250 2120 1430 684 644 3550
1925 1380 2490 2270 2750 1960 1800 1450 648 1850 2820 5070 3730
1926 1820 4310 4030 5880 1450 803 497 820 1390 3760 4660 2240
1927 5540 3840 6250 22600 11400 8350 1260 1200 773 2620 5790 7250
1928 3340 3060 3060 9060 3240 14800 2880 1710 798 704 786 1100
1929 1990 1390 4550 7390 15100 3580 1420 949 653 1740 1930 3280
1930 8920 6380 4520 1700 970 673 614 396 870 573 587 805
1931 572 1120 1900 2350 2720 1470 689 473 765 571 1140 1700
1932 4200 2470 1570 1100 708 590 629 1640 475 438 829 1340
1933 2750 1100 2580 6777 l3~ö5 1260 604 733 662 1120 641 650
1934 953 569 3007 2790 1747 922 356 1073 5478 2407 1932 3666
1935 4024 2023 9855 3901 8976 16000 5659 1474 784 1014 4507 1506
1936 976 1949 1516 2953 822 503 318 255 485 1149 2312 711
1937 7651 4149 2253 3934 8010 4~ö~ 1549 654 471 569 510 1917
1938 1637 8428 6624 7178 9081 7539 1466 758 586 427 1943 1469
1939 2323 6232 6739 12390 2799 1776 2677 2062 584 592 821 670
1940 1038 1256 2815 3883 2799 1952 1078 1056 496 436 882 1601
1941 2284 1143 671 7513 1562 820 506 510 1377 3850 5209 2145
1942 1622 6529 3354 4138 4762 13890 2744 949 616 689 3390 9296
1943 3945 1523 3071 2388 15860 7188 1142 1204 684 653 865 690
1944 753 1117 4757 8044 8289 1420 601 526 504 573 511 581
1945 562 2309 13390 20O0~’) 4431 18070 2255 771 3597 3-500 1278 1125
1946 3867 7090 4182 2102 6263 1836 620 1855 756 575 7317 3012
1947 2414 1750 2194 12770 4759 3394 44.5.5 772 592 847 1973 826
1948 4490 2532 7233 3568 3140 2874 5631 1061 560 622 1212 870
1949 9918 8251 6706 3381 2077 3433 2901 890 2682 12120 1569 3954
1950 17320 6588 6910 6387 10770 4241 1125 4286 4396 1062 1638 1164
1951 2748 10350 7229 4363 3249 3230 12600 4175 3268 3019 7086 3782
1952 2903 4810 6467 8551 1752 943 823 1077 632 589 927 991
1953 1240 1107 4544 3663 2510 849 553 407 297 418 486 511
1954 530 538 514 945 924 2830 474 386 486 705 630 1167
1955 1178 2652 5591 1798 1242 1405 1471 544 408 548 629 426
1956 374 1453 949 969 4141 2633 844 428 244 236 464 1250
1957 768 4210 7082 15500 17730 11490 11500 1405 615 578 1224 3340
1958 1939 1847 9949 4330 3072 3110 4983 2780 921 717 1822 1255
1959 1925 3186 4054 2126 4595 1522 713 612 545 1231 1382 4436
1960 2553 2065 4715 3737 4187 914 692 554 477 504 913 1811
1961 665 1948 6960 4705 15430 3199 2254 1051. 912

Mean 2963 3313 4796 6026 5505 4246 2207 1163 1114 1442 1978 2226
Max 17320 10350 13390 22600 17730 180’O 12600 4286 5478 12120 7317 9296
Mm 374 538 514 945 708 503 318 255 244 236 464 426
Average Monthly Runoff for Period of Record 3,096
Maximum Mean Monthly 22 ,600 April 1927
Minimum Mean Monthly 236 October 1956

TABLE C-4 
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Hydraulic data
Runoff extremes and means

Meramec River Basin

Year Stage Discharge

Steelville (1922—1961)
Maximum (period of record) 6/26/35 23.39 47 .800

6/9/45 24.30 47 ,000
Maximum (known) 8/20/ 15 26.5 60 ,000
Minimum (period of record) 7/22/34 0.35 74
Mean - - (39 yrs) 585

Sullivan (1921—1933) — (1943—1961)
Maximum (period of record) 6/9/45 32.0 77,300
Maximum (known) 8/21/ 15 33.5 90,000
Minimum (period of record) 9/20-22/56 1.27 131
Mean - — (30 yrs) 1,209

Spring Bluff (1943—1961)
Maximum (period of record) 6/30/57 34.71 50,700
Maximum (known) 8/—/ 15 35.7 —

Minimum (period of record) Discharges below 1,000 c.f.s. are not
Mean computed

Union (1921—1961)
Maximum (period of record) 7/ 1/57 24 .44 33,100
Maximum (known) 8/22/ 15 28.5 (eat.) 50,000
Minimum (period of record) 10/10/56 0.59 ii
Mean - - (40 yrs) 652

DeSoto (1948-1961)
Maximum (period of record) 6/30/57 27.15 55,800
Maximum (known) 8/-/15 29.4 70,500
Minimum (period of record) 9/ 19/54 2.02 20
Mean - — (13 yra) 707

Byrnesville (1921-1961)
Maximum (period of record) 7/1/57 . 26.41 42,100
Maximum (known) 8/21/ 15 30.2 80,000
Minimum (period of record) 8/14/34 1.50 42

8/30/36 1.54 25
Mean - — (40 yrs) 857

Eureka (1903—1906)—(l921- 1961)
Maximum (period of record) 6/11/45 36.94 120,000
Maximum (known) 8/22/ 15 40.2 175,000
Minimum (period of record) 8/27/36

8/31/ 36
9/1/36 0.34 196 5

Mean - - (42 yra) 3,096

TABLE C-,

S - 
- . - .~-

-
55 —~~~---— S- 

-5— 5- — _a~~~~~_~~~~~ _ 
— — -55 1



~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~5-,5~ 5-SS~-55-5-_ss - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘S S

Meramec River at Eureka, Missouri
Subnormal runoff

Period
of Actual Actual Actual Actual

record monthly monthly monthly monthly
mean mean Percent mean Percent mean Percent mean Percen
second second of second of second of second of

Month feet feet normal feet normal feet normal feet norma
(1930) (1933) (1939) (1952)

January 2963
February 3313
March 4796 4520 94.2%

5 April 6026 1700 28.2%
May 5505 970 17.6% 1752 31.8
June 4246 673 15.8% 1260 29.7% 943 22.2
July 2207 614 27.8% 604 27.4% 823 37.3
August 1163 396 34.0% 733 15.9% 1077 92.6
September 1114 870 78.1% 662 59.4% 584 52.4% 632 56.7
October 1442 573 39.7% 1120 77.7% 592 41.0% 589 40.8
November 1978 587 29.7% 641 32.4% 821 24.1% 927 46.9
December 2226 805 36.1% 650 29.2% 670 30.1% 991 44.5

(1931) (1934) (1940) (1953)
January 2963 572 19.3% 953 32.17. 1038 35.0% 1240 41.8
February 3313 1120 33.8% 569 17.2% 1256 37.9% 1107 33.4
March 4796 1900 39.6% 3007 62.7% 2815 15.9% 4544 94.7
April 6026 2350 39.0% 2790 46.3% 3883 21.6% 3663 60.8
May 5505 2720 49.4% 1747 31.7% 2799 31.5% 2510 45.6

- - June 4246 1470 34.6% 922 21.7% 1952 21.7% 849 20.0
July 2207 689 31.2% 356 16.1% 1078 48.9% 553 25.1
August 1163 473 40.7% 1073 92.3% 1056 90.8% 407 35.0
September 1114 765 68.7% 496 44.5% 26.7
October 1442 571 39.6% 436 30.2% 418 29.0
November 1978 1140 57.6% 44.6% 486 24.6
December 2226 . 1700 76.3% 1601 71.9% 511 23.0

(1941) (1954)
January 2963 2284 77.1% 530 17.9
February 3313 1143 34.5% 538 16.2
March 4796 671 14.0% 514
April 6026 945

S May 5505 924 l6.~
June 4246 2830 66.1
July 2207 474 21.
August 1163 386 33.
September 1114 486 43.
October 1442 705 48.1
November 1978 630 3l.~
December 2226 1167 52.4

(1955)
January 2963 1178 39.
February 3313 2652 80.
March 4796

1235 1139 1371 1126
Total Period 3076 40.17. 2973 38.3% 2885 47.5% 2945 38.! 
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at Eureka , Missouri
- 1 runoff

- Actual Actua l Actual Actual
- monthly monthly monthly monthly
t mean Percent mean Percent mean Percent mean Percent

second of second of second of second of
- 1 feet normal feet normal feet normal feet normal

(1952) (1955) (1958) (1960)

2553 86.27.
2065 62.3%
4715 98.3%

1798 29.8% 3737 62.07.
1752 31.8% 1242 22.5% 4187 76.1%
943 22.2% 1405 33.07. 914 21.57.
823 37.3% 1471 66.77. 692 31.4%

1077 92 .6% 544 46.87. 554 47.67.
4% 632 56.77. 408 36.6% 921 82.7% 

~~ 
42.8%

-0% 589 40.8% 548 38.07. 717 49.7% 504 35.0%
927 46.97. 629 31.8% 1822 92.17. 913 46.27.

1% 991 44.5% 426 19.17. 1255 56.47. 1811 81.3%

(1953) (1956) (1959) (1961)
07. 1240 41.8% 374 12.6% 1925 65 .0% 665 22.4%
9% 1107 33.4% 1453 43.8% 3186 96.27. 1948 58.8%
9% 4544 94.7% 949 19.8% 4054 84.57.

- 6% 3663 60.87. 969 16.1% 2126 35.3%
5% 2510 45.67 . 4141 75.27. 4595 83.5%
.7% 849 20.0% 2633 62.0% 1522 35.8%
.9% 553 25.1% 844 38.27. 713 32.3%
.8% 407 35.0% 428 36.8% 612 52.6%
.5% 297 26.7% 244 21.9% 545 48.9%
.2% ~~ 29.0% 236 16.4% 1231 85.3%
.67. 486 24.67. 464 23.5% 1382 69.9%

511 23.0% 1250 56.1%
(1954) (1957)

530 17.9% 768 25.9%
538 16 .2%

L2~ 
514 10.7%
945 15.7%
924 16.8%
2830 66.7%
474 21.5%
386 33.2%
486 43.6%
705 48.9% 

5

630 31.9%
1167 52.4%

(1955)
1178 39.87.
2652 80.0%

1126 1056 1774 1838
38.27. 2993 35.3% 2768 64.1% 3090 59.5%

TABLE C-6
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Big River at Byrneaville, Missouri
Subnormal runoff

Period Actual Actual Actual Actul
of monthly monthly monthly montt

record mean mean mean
mean flow Percent flow Percent flow Percent fbi

second second of second of second of secoi
Month feet feet normal feet normal normal feel

(1930) (1933) (1939) (l95~
5 January 935

February 1022
March 1387 1030 74.3%
April 1644 408 24.87. l08
May 1514 228 15.17.
June 992 155 15.6% 229 23.1% 27~
July 632 170 26.9% 180 28.4% 14~
August 308 73 23.7% 181 58.8%
September 287 212 73.9% 269 93.7% 137 47.7% iC
October 360 154 42.87. 303 84.2% 204 56.7% 91
November 571 129 22.6% 165 28.9% 282 49.47. IU
December 646 160 24.8% 192 29.7% 183 28.3% 111

(1931) (1934) (1940) (1951
January 935 116 12.4% 281 30.1% 351 37.5% 131
February 1022 212 20.77. 147 14.4% 453 44.3% 131
March 1387 397 28.67, 862 62.1% 645 46.5% l3~
April 1644 801 48.7% 855 52.0% 1037 63.1% 391
May 1514 487 32 .27. 649 42.9% 836 55.2% 201
June 992 220 22.2% 160 16.1% 532 53.6% 971
July 632 133 21.07. 90 14.27. 240 38.0% 14~
August 308 123 39.9% 183 59.47. 296 96.1% 84
September 287 259 90.2% 105 36.6% 191
October 360 215 59.77. 114 31.7% 18(
November 571 399 69.9% 364 63.7% 14
December 646 517 80.0% 640 99.1% 45

(1941) (195
January 935 747 79,9% 31
February 1022 311 30.4% 70
March 1387 195 14.1%
April 1644 1352 82.2%
May 1514 253 16.7%
June 992 142 14.3%
July 632 115 18.27.
August 308 122 39 .6% 

5

September 287
October 360
November 571
December 646

January 935
February 1022
March 1387

Total Period 300 35.4% 316 38.9% 402 46.9% 30
847 815 858

_______



~sville, Missouri1 runoff
Actual Actual Actual
monthly monthly monthly

mean mean mean
Percent f low Percent flow Percent flow Percent

of second of second of second of
normal feet normal feet normal feet normal

(1953) (1955) (1960)
791 84.6%
708 69.3%

1303 93.9%
1083 65.9% 563 34.2% 1017 61.9%
867 57.3% 424 28.0% 1206 79 .7%
272 27.4% 342 34.5% 289 29.1%
142 22.5% 453 71.7% 189 29.9%
90 29.2% 98 31.8% 139 45.1%

47 .7% 70 24.4% 68 23.7% 152 53.0%
56.7% 99 27.5% 93 25.8% 146 40.6%
49.4% 118 20.7% 176 30.8% 403 70.6%
28.3% 118 18.3% 103 15.9% 586 90.7%

(1954) (1956) (1961)
37.5% 134 14.3% 94 10.1% 189 20.2%
44.3% 139 13.6% 608 59.4% 738 72.2%
46.5% 137 9.9% 271 19.5%
63.1% 394 24.0% 362 22.0%
55.27. 204 13.5% 1303 86.1%
53.6% 979 98.7% 492 49.6%
38.0% 141 44.8% 146 23.1%
96.1% 84 27.3% 98 31.8%
36.6% 198 69 .0% 49 17.1%
31.7% 180 50.0% 50 13.9%
63.7% 142 24.9% 117 20 .5%
99 .1% 450 69 .6% 243 37.6%

) (1955) (1957)
79,9% 312 33.4% 238 25.5%
30.4% 703 68.8%
14.1%
82.2%
16.7%
14.3%
18.2%
39.6%

46.9% .~
Qj 36.8% 35.1% 561 64.1%

835 827 B75

TABLE C-i
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Bourbeuse River at Union, Missouri
Subnormal runoff

Period Actual Actual Actual
of monthly monthly monthly

record mean mean mean
mean f low Percent flow Percent flow Percec
second second of second of second of

Month feet feet normal feet normal feet normal

(1930) (1933) (1939)
January 590
February 682
March 1094 774 70.7%
April 1234 201 16.3%
May 1205 100 8.3%
June 1022 59 5.8% 151 14.8%
July 365 73 2ö~öi 55 15.1%
August 190 14.2% 45 23.7% 173 91.0
September 213 209 98.1% 131 61.5% 39 18.3
October 340 47 13.8% 229 67.4% 28 8.2
November 416 47 11.3% 65 15.6% 45 10.8
December 460 130 28 .3% 59 12.8% 38 8.3

(1931) (1934) (1940)
January 590 51 8.6% 141 23.9% 54 9.2.
February 682 259 38.0% 49 7.2% 310 45.4
March 1094 575 52.6% 1043 95.3% 561 5l.~
April 1234 255 20.7% 529 42.9% 659 53.4
May 1205 1190 98.8% 121 10.0% 309 25.6
June 1022 476 46.6% 305 29.8% 222 21.~
July 365 86 23.6% 37 10.1% 109 29.C
August 190 52 27.4% 75 39.!,
September 213 149 70.0% 51 23.1
October 340 47 13.8% 26 7.1
November 416 184 44.2% 29 7.C
December 460 455 98.9% 75 l6.

(1941)
January 590 427 72.4
February 682 154 22.1
March 1094 62
April 1234
May 1205
June 1022
July 365
August 190
September 213
October 340
November 416
December 460

January 590
February 682
March 1094

252 211 172
Total Period 38.77. 32.1% 29.

~ 
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iion, Missouri 1
15

inoff
Actual Actual Actual
monthly monthly monthly
mean mean mean
flow Percent flow Percent flow Percent
second of second of second of
feet normal feet normal feet normal

(1939) (1952) (1955)

1078 98.5%
282 22 .8%
173 14.4%
390 38.2%
289 79.2%

173 91.0% 77 40.5%
39 18.3% 55 25.8% 78 36.6%
28 8.2% 40 11.8% 65 19.1%
45 10.8% 60 14.4% 45 10.8%
38 8.3% 75 16.3% 37 8.0%

(1940) (1953) (1956)
54 9.2% 231 39 .2% 31 5.3%

310 45.4% 172 25. 2% 160 23.5%
561 51.3% 868 79.3% 99 9.0%
659 53.4% 987 80.0% 95 77.0%
309 25.6% 343 28.5% 754 62 .6%
222 21.7% 64 6.37. 741 72.5%
109 29.9% 47 12.9% 172 47. 1%

75 39.5% 49 25.8% 50 26.3%
51 23.9% 25 11.7% 19 8.9%
26 7.6% 30 8.9% 15 44.1%
29 7.0% 28 6.7% 46 11.1%
75 16.3% 35 7.6%

(1941) (1954)
427 72.4% 38 6.4%
154 22 .6% 42 6.2%
62 5.7% 42 3.8%

164 13.3%
257 21.3%
522 51.1%
50 13.7%
40 21.0%
33 15.5%
92 27 .1%
63 15.1%

128 27.8%
(1955)
150 25 .4%

172 163 224
590 29 .2% 26.8% 33.9%

TABLE C- 8 
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Infiltration capacities
Meramec River and tributaries

Infiltration capacity Number of
in inches per hour occurrences

Less than .01 5

.Ol to .02 9

.02 to .03 16

.03 to .04 1-9

.O4 to .05 28

.05 to .06 33

.06 to .07 22

.O7 to .08 17

.08 to .09 10

.09 to .10 12

.10 to .15 23

.15 to .20 6

More tban .20 2

Total 202

TABLE C-9
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EMIT RYDR0~~APHS - MZRAMEC RIVER sasui

Msri~ sc Para sc Nsraouc $ourb .u.. Bourbeu.. Sir River
River ci River at Riv.r at Riv.r at River it at
Iurska Sullivan St.elvi lle Uniou Sprint Stuff Iyrn*sville

D.A. (Sq.Xi.) 3, 785 1,475 781 808 608 917
L 01i1..) 186.9 105.6 72.4 131.6 59.7 123.3
Lea (H11e.) 91.7 72.0 48.3 91.9 35.0 59.6
Qp (cf.) 33,653 21,350 17.800 10,145 12.250 12,750

(cf ./sq. .i.) 8.88 14.47 22.79 12.56 20.15 13.90
tp (Hours) 66.0 35.0 29.5 65.0 33.0 48.0

(Hour.) 68.0 35.0 23.1 68.4 31.0 40.8
(Hours) 43.0 20.5 14.2 26.6 16.0 24.4

C1 3.54 2.40 2.54 3.87 3.18 3.33
C9640 586 506 672 816 665 667

(Hours) 6 6 6 6 6 6

(Hour.) Di.cbar~s (c .f. . . )
0 0 0 0 0 0 0
6 170 750 680 250 340 200

12 1,660 3,840 2,100 800 3,000 700
18 7,850 7,450 5,800 1,600 5,800 2,400
24 11,350 12,750 12,400 2,600 7.800 4,700
30 13, 250 17,250 16,650 3,800 10.000 7,400
36 16.000 20,600 15,800 5,000 12,250 9,600
42 19,800 20,000 10.600 6,100 10,400 11.200
45 24,400 16,400 6,400 7,100 6,900 12.600
54 28.300 12,300 3,900 8.200 3,600 12,100
60 31,050 9,200 2,500 9,200 2,000 9,800
66 33, 230 7,200 1,750 10.000 1,000 7,200
72 33,050 5,700 1,350 9,300 650 5,000
78 31.250 4,400 1,080 7.300 450 3,500 —

84 28,750 3,400 840 5,300 350 2,600
90 26,000 2,600 650 3,500 250 1,950
96 22,750 2,200 500 2,200 200 1,450

102 19,150 1,850 380 1,400 150 1,150
108 14,900 1,600 280 900 100 940
114 10,750 1.400 190 630 70 780
120 7 .750 1,250 110 500 30 630
126 6,000 1,100 40 390 30 560
132 4,700 1,000 0 290 10 480
138 3, 750 900 190 0 410
144 2,900 800 130 350
150 2.350 700 100 290
156 1,830 600 70 230
162 1,450 500 40 170
168 1,100 400 20 110
174 750 300 0 50
180 550 175 30
186 300 25 20
192 200 0 10
198 107 0
204 0

Total 407 ,437 158.640 84,000 86,910 65,400 98,630
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AMEC LIVER 84515

1t~ Liver $i$ River Dry ?or k Courtois Huciab

at at Liver near Creek near Creek near

!yr~esv ilte DeSoto st. j .  $srr~~~n Dillard

917 718 370 173 92

123.3 78. 3 67.5 21.5 13.8
59.6 49.5 35.3 10.3 6.1

12,150 16,770 12,330 13,795 11,675
13.90 23.36 33.38 79.74 126.9

48.0 13.0 15.0 5.1 6.3

40.8 22.3 13.4 6.0 4.7

24.4 12.8 8.4 3.6 2.7

3.33 1.09 1.49 1.60 1.67

667 304 501 407 797

6 6 6 3 2

0 0 
(Hours) 

0 
(Hour .) 

0
200 2,200 980 3 3.000 2 1,310
700 12.000 4,220 6 13,700 4 4,890

2,400 16,500 12, 350 9 10,000 6 9,720

4,700 13,000 8,030 12 4,000 8 9,980

7.400 9,600 4,730 15 2,000 10 1,990

9,600 6.800 3,110 18 1,100 12 530

11,200 5,100 2,180 21 700 14 390

12,600 3,600 1,570 24 550 16 330

12.100 2,200 1,080 27 480 18 230

9,800 1,600 720 30 420 20 170

1,200 1,200 440 33 360 22 90

5,000 850 270 36 300 24 0

3,500 680 120 39 240
2,600 530 0 42 180
1,950 430 45 120
1,450 330 48 60
1,150 230 51 0

940 170
780 120
650 70
560 20
480 0
410
350
290
230
170
110

50
30
20
10
0

90,630 77,230 39,800 37,210 29,690

TAILE C-tO 
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UNIT ITDIOG*A1I3 AT DAN SI~~$ - I~~81I

Nsr. c Vir$thta Weakiu~tos
Park S.1 Nice. gal.. Park Zr.udala lisa lord

Site lo . 17 27 40 29 5 9 2. 1-14 I-iSA 1—23

D.A. (Sq.Nt.) 1,505 175 240 754 160 175 768 112 122 35.6
ØIil..) 107.96 30.60 31.23 122.00 27.03 19.18 93.5 19.60 18.10 10.61

• L~~ ~~il.s) 73.61 18.00 11.75 85.00 13.00 8.33 58.10 10.32 1.16
Q~, (c.f.s .) 21,410 11,110 15,160 9,500 10,838 14,733 14,420 9,293 10,93~ 5,150
u (cla/sq..t.) 14.20 58.00 63.11 12.60 61.74 84. 19 18.30 82.97 89.66 144.61
t1 

(Hour.) 35.78 8.00 8.20 60.00 1.75 6.20 22.40 6.40 5.90 3.81
c~ 2.41 1.36 1.40 3.13 1.35 1.36 1.65 i~31 1.32 1.1~c 640 508 522 518 756 525 522 410 531 529 557
t~ (Hour.) 6 6 6 6 6 6 6 6 6 6

Diach.r ~~ (C.LS.)

0 0 0 0 0 0 0 0 0 0 0
6 767 3,355 5.845 233 4.200 9,529 1.500 5,510 8,260 3,291

12 3,926 9.600 13,765 747 8,970 6,621 9,700 3,300 1,740 475
iS 1,617 4,100 3,175 1,493 2,647 1,856 10,600 1,280 1,260 63
24 13,035 1,165 1,195 2.426 990 732 14,100 720 740 0
30 17.636 400 660 3,546 343 15 13,300 480 460
36 21,061 140 370 4,666 60 0 10,000 320 340
42 20,461 55 165 5.692 0 7,440 240 180
48 16.768 10 40 6 ,625 5,600 140 140
54 12,575 0 0 1,652 4,130 60 0
60 9,406 8,585 3.000 0
66 7,361 9,332 2,130
72 5,828 8,618 1,600
7$ 4,490 6,812 1,210
84 3,476 4,944 970
90 2,658 3,266 510
96 2,230 2,053 680

112 1,891 1,306 580
105 1,836 840 480
114 1,431 588 380
120 1,278 467 230
126 1,225 364 180
132 1,022 271 90
138 920 177 0
144 818 121
150 716 93
1% 613 66
162 511 37
168 410 19
174 307 0
180 180
186 26
192 0

Total 162,194 18,823 25,815 61,100 17,210 18,823 84,760 12.050 13,120 3,829
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I AT DAN 31113 - NUANIC IIVU 84311 STUD!

I-iSA 1—23 1—26 1-25 1—21 2-30 1-32 1-336 2-356 1-38 1-41

122 33.6 21 44 23.5 19.8 60 52 69 121 25.8
18.10 10.67 9.83 16.22 7.76 7.77 17.86 17.25 23.90 19.00 9.05
8.16 3.98 4.63 6.94 2.76 4.29 8.49 9.1) 14.80 11.01 4.65

10,939 5,150 3,698 4,671 3,219 3,208 4,218 3,653 3,780 7,070 4,210
59.66 144.67 144.36 106.13 136.91 162.04 70.30 70.23 54.15 58.41 148.16
S.~0 3.85 3.90 3.20 3.30 3.33 10.10 10.13 12.95 11.93 3.60
1.32 1.24 1.23 1.23 2.10 1.23 2.25 2.22 2.26 2.40 1.23

529 337 563 532 726 512 710 713 709 698 563
6 6 6 6 6 6 6 6 6 6 6

Dt.ch.rsa (C.l.S~.)

0 0 0 0 0 0 0 0 0 0 0
8,260 3,291 2,530 3,395 1,835 1,918 677 650 250 330 2,730
1,740 473 346 1,030 533 207 3,933 3,350 2 ,650 4,500 380
1,260 63 28 273 140 5 1,050 915 2,850 5,000 0

740 0 0 33 20 0 393 230 610 1,400
460 0 0 200 170 280 700
340 100 130 230 400
180 50 90 190 300
140 20 50 150 200
0 0 10 110 100

0 70 60
30 20
0 0

13,120 3,829 2,906 4,733 2,525 2,130 6,453 3,395 7,420 13,010 3,100

TABLE C-il
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1

MER.AMEC RIVER BASIM STUDY

SIRQ~ATI0N OF MAJOR TRIBUTARIES II THE MEL
ROUTED TO EUREICA

Meracec River SIR River -

Lover Dry Darn Terre
Calvey Merarnec Indian Brazil Huzzati Courto is Whit te nberg Fork Crooked Site Mineral Bleue Flat

T ics Creek River Creek Creek Creek Creek Creek 3J~~~ 
Creek #27 Fork Creek River

0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0
18 1.244 0 0 0 0 0 0 0 0 0 49 0 0
24 1,445 1.066 1.040 0 0 0 0 0 0 0 355 48 0
30 1,470 1,265 2,707 218 51 75 0 4 0 10 1,110 214 50
36 226 1,291 3,098 540 367 445 86 45 18 69 2 ,157 528 206
42 25 225 3,266 674 945 976 200 188 75 216 3.088 898 479
48 0 26 3,357 717 1,619 1.561 322 492 174 469 3,582 1,183 770
54 0 2.337 734 2.339 2.179 441 989 317 822 3,507 1,280 964
60 610 738 3,039 2.741 573 1,668 486 1,237 2,855 1,155 993
66 279 738 3,497 3,021 613 2 ,467 662 1,665 1,857 849 847
72 111 520 3.656 3,075 625 3,298 822 2,041 948 480 575
78 20 198 3,467 2.784 544 4 ,029 92 7 2 , 282 413 194 284
84 0 64 2,973 2,303 430 4 ,518 951 2.329 183 50 91
90 21 2,357 1 ,747 308 4,668 888 2,112 81 8 12
96 4 1,671 1,146 183 4 ,452 755 1,853 32 1 1

102 0 991 591 57 3,937 589 1,448 10 0 0
108 542 313 17 3,2 35 414 1,024 2
114 334 184 5 2,460 253 639 0
120 208 105 1 1,730 131 340
126 123 55 0 1,125 50 144
132 66 26 691 14 49
138 31 10 420 4 16
144 12 2 262 1 5
150 3 0 168 0 1
156 0 107 0
162 66
168 38
174 20
180 9 -

186 4
192 1
198 0
204
210

J
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~ ANEC RIVER BASIN STUDY

I TRIBUTARIES IN THE NERM~EC RIVER BASIN
ROUTED TO EUREKA

BiR River Bourbeu .e River
Terre Lower Dry

ieral Bleue Flat Irondale Spring Boone Red Oak Bourbeu .e Fork Bru.h Lane. Natura l
rk Creek River Darn Creek Creek Creek River Creek Creek Fork Total Local Eureka Tics

0 0 0 0 0 0 0 0 C 0 0 0 0 0 0
O 0 0 0 0 0 0 0 0 0 0 0 110 170 6
0 0 0 0 0 0 0 0 0 0 0 0 1,660 1,660 12

49 0 0 0 0 0 0 0 0 0 0 1,293 6.557 7,850 18
355 48 0 53 0 15 5 0 0 0 0 4,027 7,323 11,350 24
.110 214 50 249 0 108 52 5 0 0 0 7,588 5,662 13,250 30
.157 528 206 634 0 281 155 70 3 3 0 10,222 5, 778 16,000 36
.088 898 479 1,171 0 458 282 224 30 50 0 13,470 6,330 19,800 42
,582 1,183 770 1,774 0 562 419 419 171 200 4 17 ,821 6,519 24,400 48

3,507 1.280 964 2,343 20 590 557 571 460 430 43 20,929 7 ,371 28,300 54
2,855 1,155 993 2 ,721 213 602 657 64 2 806 642 126 22,564 8,486 31,050 60
1,857 849 847 2.768 486 607 704 673 1,070 762 227 23. 792 9,458 33,250 66

948 480 57 5 2,473 613 608 727 690 1,198 809 334 23,603 9,447 33,050 72
413 194 284 1,961 654 595 736 698 1,257 837 441 22 ,326 8,924 31,250 78
183 50 91 1,363 678 502 696 698 1,294 856 515 20,494 8,256 28 ,750 84
81 8 12 795 694 329 597 634 1,318 866 546 18,041 7,959 26.000 90
32 1 1 363 704 153 472 480 1,309 828 560 14,967 7,783 22,750 96
10 0 0 121 691 49 335 286 1,182 682 564 11,533 7.617 19,150 102

2 31 500 20 196 135 902 454 529 8,314 6,586 14,900 108
0 6 227 8 96 63 562 243 448 5,528 5,222 10,750 114

1 100 3 50 32 302 123 348 3,474 4,276 7,750 120
0 59 0 27 15 176 76 241 2,091 3,909 6,000 126

35 13 6 117 48 134 1,199 3,501 4,700 132
19 6 1 80 29 60 676 3,074 3,750 138

9 2 0 54 16 29 392 2,508 2,900 144
3 0 35 8 14 232 2,118 2,350 150

- 1 22 3 6 139 1,711 1,850 156
0 11 0 2 81 1,369 1,450 162

0 45 1,055 1,100 168
22 728 750 174
10 540 550 180
4 296 300 186
1 199 200 192
0 107 107 198

0 0 204

TABLE C-12
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Mer~~ec River Basin
Standard project flood

Storm centered over entire Meramec Basin

Drainage Average Peak
area rainfall Re discharge

sq. mi. Station inches inches c.f.s.

3,788 Eureka 11.2 6.92 223,000

1,475 Sullivan 12.1 8.06 155,000

781 Steelville 11.2 7.21 112,500

917 Byrnesville 10.3 6.42 74,900

718 DeSoto 9.9 6.08 93,100

808 Union 9.8 5.99 57,300

608 Spring Bluff 9.7 5.99 68,700

Storm centered over Bourbeuse River

808 Union 14.0 9.77 90 ,600

608 Spring Bluff 13.9 9.77 107,200

Storm centered over Big River

917 Byrnesville 13.4 9.17 103,500

718 DeSoto 13.1 8.98 132,600

Storm centered over Meramec River alone

1,475 Sullivan 12.7 8.54 164,900

781 Steelville 12.1 8.05 124,000

TABLE C-l3
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Initial reservoir data sheet

Spilivay Standard
cr•st project Kin. cons.rvatio
top of storm P.C. pool Bottom of (100-year sediam

L.servoir 
~~~~~~~ 

runoff 
~~~~~~~ 

Storage ~~~~~~ Storage To~ *1ev. Ste
(..s. 1.) (inches) (ac-ft) (inches) (m.s.l.) (ac—ft) CR 1.1.) (Ca

#2A Pine Ford 595 9.50 196,700 *4.68 561 88,300 531 11,
#5 Washington Park 706 11.88 98,110 11.50 666 49,055 618 5,
#40 Virginia Mines 577 11.37 139,730 10.92 556 110,270 527 8,
#9 Irondale 860 11.68 106,160 11.37 832 54,840 796 5,
#17 Meramec Park 701 8.46 581,560 7.23 667 418,440 600 18,
#27 Salem 1,008 11.68 104,965 11.25 973 56,185 928 5,
#29 Union 651 9.94 355,630 8.84 616 172,370 567 11,

50-Yr .Runoff
1-14 881 4.98 27,535 4.61 847 7,865 837 3
I-15A 834 4.96 29,590 4.55 806 8,410 799 4,
1-21 904 5.35 6,470 5.16 887 2,150 885 1,
1—23 941 5.20 9,520 5.01 919 3,170 914 2
1—26 1,026 5.30 7,305 5.07 1,015 18,695 959 1,
1—28 1,112 5.20 11,760 5.01 1,101 14,240 1,079 2
1-30 790 5.38 5,480 5.19 774 1,620 771 l
1—32 718 5.12 15,785 4.93 703 10,215 689 3,
t—33A 777 5.18 13,845 4.99 764 12,155 743 2,
I-35A 786 5.09 18,040 4.90 772 7 ,960 756 3,
1-38 857 4.96 29,585 4.58 837 9,415 830 4,
1—41 874 5.23 7,745 5.04 853 2,580 850 1,

630 - 2,700 - 616 900 616 -

H-4 680 - 2,500 - 656 800 656
H-5A 543 - 1,000 - 525 300 525
H-6 530 - 2,900 - 513 1,000 513
11-8 723 — 5,000 - ~99 1,700 697 1
11-9 950 — 2,300 - 931 800 931
H-1~~ 982 - 1,300 - 961 500 961
H-h A 798 — 3,600 - 778 1,200 776 1
H-13& 824 - 5,000 - 810 1,700 808 1.
11—25 1,061 - 3,900 - 1,C35 1,300 1,034 1
11—31 882 — 1,700 - 871 600 871
11—40 671 — -— - 671 900 661

To be operated jointly with #5 and #9.
** All H-Site values are approximate. Final determination by S.C.S.

~~~ To be determined by S.C.S.
**** Approximate Elevation.

- - -n — -
~~~
- -

~ -— - ~ —.————— ~~~~_
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St

Net
Kin, conservation pool storage
(100-year sediment cap ) joint-use Total Top dam

~~ To~ elsv . Storage poo l stora ge elevation Surcharas
t) (a.s.1.) (ac-it) (ac—it) (ac—it) (m.s.l.) (ft.)

00 531 11,986 76,314 285,000 637 37.0
55 618 5,588 43,467 147,165 737 26.0
70 527 8,974 101,296 250,000 610 28.0
40 796 5,832 49,008 161,000 887 22.0
40 600 18,251 400 189 1,000,000 736 30.0

185 928 5,985 50,200 161,150 1,039 26.0
~70 567 11,900 160,470 528,000 682 26.0

~65 837 3,942 3,923 35,400 916 30.0

~10 799 4,755 3,655 38,000 867 28.0
150 885 1,637 513 8,620 916 7.0
170 914 2,144 1,026 12,690 965 19.0
695 959 1,786 16,909 26,000 1,046 15.0
~4O 1,079 2,467 11,773 26,000 1,124 7.0
-620 771 1,472 148 7,100 811 16.0
215 689 3,013 7, 202 26 ,000 728 5.0
155 743 2,733 9,422 26,000 797 15.0
960 756 3,298 4,662 26,000 809 18.0
415 830 4,715 4,700 39,000 880 18.0
,580 850 1,868 712 10,325 898 19.0

900 616 899 -- 3,600 640 **** ***
800 656 868 -- 3,300 690 ~~~~
300 525 306 -- 1,300 553 *
000 513 976 24 3,900 540 ~~~~ ***
700 697 1,390 310 6, 700 733 **** *~*
800 931 823 -- 3,100 ,

~ Q **** 
~~~~~~~

500 961 568 -- 1,800 992 *~*~* ***
200 776 1,095 105 4,800 A~5 A

700 808 1,405 295 6, 700 834 1~~** A~~A

- 300 1,034 1,165 135 5,200 1,071 **** ***
600 871 673 -- 2,300 892 **** ***

- 900 661 511 389 900 **** ***

TABLE C-14
1Mr 64 
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Final reservoir data sheet

Flood Frequency Normal Kin, conservation
Spillway control of pool Joint-use (100-year sediasni

Reservoir crest stora ge protection elevation stora ge Elevation ~~gJ
(ac- it) (years) (..s.1.) (ac-fr ) (ash .) (ac.

#2* Pine Ford 595 196,700 100 561 88,300 531 l2~
#5 Washington Park 706 - - 706 147,200 618
#40 Virginia Mines 556 - - 556 110,300 527
#9 Irondele 860 23, 900 10 855 137 ,100 796 5
#17 Meramec Park 701 581,600 Std. Proj. 667 418,400 600 18~
#27 Salem 1,008 30,000 20 1,000 131,200 928
#29 Union 651 355,600 Std. Proj. 616 172,400 567 h1~

1-14 881 27 ,500 50 847 7,900 837 4
I-ISA 834 29,600 50 806 8,400 799 4
1-21 904 6,300 50 887 2 ,300 885 1
1-23 941 - - 941 12,700 914
1-26 1,026 4,600 20 1,019 21,600 959 1
1-28 1,112 11,800 50 1,101 14,200 1,079 2
1-30 790 2,700 10 782 4,400 771 1
1-32 718 - - 718 26,000 689 3
1-33* 777 - - 777 26,000 743 2
I-35A 786 - - 786 26 ,000 756 3
1-38 857 29,600 50 837 9,400 830 4
1-41 874 7,700 50 853 2,600 850 1

0-3 629 1,850 50 618 900 615
0-4 673 - - 673 2,080 650
li-5A 549 640 50 537 310 535
0-6 536 - - 536 2,760 521
0-8 717 2,840 20 706 3,120 692 1
0-9 948 1,430 50 935 810 933
H-b A 1,006 670 50 997 570 994
0-11* 818 1,880 50 806 1,170 802
0-13* 811 4,170 50 794 1,410 793 1
0-23 1,044 700 10 1 038 1,960 1,027
0-31 883 - - 885 1,760 874
0-40 675 - - 675 900 663

~~~~~~~~~ -~~~~~~~
‘5-
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2—”
~oir data sheet

Kin , conserva t ion pool Net storage
me (100-year sediment cap) joint-use Total Top of Maziame
L Elevation Storage pool storage dam surcharge

(..s.1.) (ac— it) (ac—it) (ac-ft) (a .s.l.) (feet)

) 531 12 ,000 76 ,300 285,000 637 37
) 618 3,600 141,600 147,200 737 26
0 527 9 ,000 101,300 110,300 392 31
0 796 5,800 131,300 161,000 887 22
0 600 18,200 400,200 1,000,000 736 30
0 928 6 ,000 125, 200 161,000 1,039 26
o 567 11,900 160,500 328,000 682 26

O 837 4,000 3,900 35,400 916 30
O 799 4,800 3,600 38,000 867 28
O 885 1,600 700 8,600 916 7
O 914 2,100 10,600 12,700 965 19
O 939 1,800 19,600 26,000 1,046 13
O 1,079 2,500 11,700 26,000 1,124 7
0 771 1,500 2,900 7,100 811 16
O 689 3,000 23 000 26,000 728 5
0 743 2 ,700 23,300 26,000 797 15
O 756 3,300 22 ,700 26,000 809 18
0 830 4, 700 4 700 39,000 880 18
0 830 1,900 700 10,300 898 19

0 615 670 230 2,750 635 6.0
10 650 650 1,430 2,080 683 9.0

535 230 80 950 553 5.4
0 521 730 2,030 2,760 543 6.6
0 692 1,040 2,080 5,960 723 5.3
0 933 620 190 2,240 935 7.0
0 994 430 140 1,240 1,015 7.8
0 802 820 330 3,050 824 6.0

793 1,060 350 5,580 817 6.8
o 1,027 870 1,090 2,660 1,054 8.7
O 874 510 1,250 1,760 893 6.4

663 380 520 900 685 8.9

TABLE C-14A
R Mar 64
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Meramec River Basin
Sedimentation requirement s at reservoirs

Drainage area uncontrolled 100-yr. accumu-
Reservoir by upstream dams (sq. mi.) lation - ac.ft.

2* Pine Ford 420.5 11,986

5 Washington Park 151.8 5,588

9 Irondale 161.2 5,832

40 Virginia Mines 221.9 8,974

17 $sraasc Park 775.0 18,251

27 Salem 175.0 5,985

29 Union 391.5 11,900

1-14 85.0 3,942

1-15* 122.0 4,755

1—21 23.5 1,637

1-23 35.6 2,144

1—26 27.0 1,786

1-28 44.0 2,467

1—30 19.8 1 472

1-32 60.0 3,013

1-33* 52.0 2,733

I-35A 69.0 3, 298

1-38 121.0 4,715

1-41 28.8 1,868

TABLE C-15
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COMPREHENSIVE REPORT
MERA1IEC RIVER BASIN , MISSOURI

APPENDIX D

GEOLOGY , SOILS , AND MATERIALS

SECTION I - INTRODUCTION

1. PURPOSE

This appendix presents all geologic data obtained from investi- .
gations and research that influence the engineering and economic
feasibility of the ‘project.

2. SCOPE

The presentation is comprehensive and basinwide in its approach
in order to obtain a degree of flexibility in the event of future
changes in site selection or plan of improvement. However, suff icient
detail on the basic features of the plan is included to support the
conclusions of the report. Several of the many possible reservoir
sites selected for preliminary investigation were eliminated from fur-
ther consideration because of obviously poor foundations or other
geologic reasons. Those sites eliminated for geologic or ot)’er reasons
are not discussed in this appendix. All sites investigated are shown
on PLATES 2 and 3 of the MAIN REPORT.

3. SOURCE OF DATA

The investigations performed include a study of all available
geologic literature, field reconnaissance, core borings , hand auger
borings , and preliminary laboratory testing. Most of the information
on the basinwide geology was obtained from published reports and unpub-
lished manuscripts of the Missouri State Geological Survey . Dr. Thomas R .
Beveridge , State Geologist , and his staff of geologic specialists con-
tributed much to the information contained in this appendix through the
mediums of personal communication, special studies , and helpful sug-
gestions and critique.
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SECTION II - PH YSIO GRAP HY OF THE BASIN

4. LOCATION

The Meramec Basin lies within the Salem Plateau section of the
Ozark Plateaus’ physiograp hic province as shown in FIGURE 1. The Big
River drains the northern portion of the St. Francois Mountain section,
and the Meramec River empties into the broad Mississippi River plain
a few miles below the city of St. Louis.

QLACF4 710

-\ kM5SOU~~
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fl1W ~ILAND

FIGURE I /
PHYSIOGRApHIC SETTING — NERAMEC BASIN

$OUØCE: IIe$MAN AND N~MONIY.voi..xxix, MO. OCOL . $U~VEY AND WATI~ ~esoqmets

5. TOPOGRAPHY

a. General. The basin is characterized by a relatively rugged
topograp hy , particular ly so adjacent to the stre &ss . The divides ,
however , consist of gently rolling uplands containing sizeable flat
areas locally called “flatwoods” or “prairies”. Many of these uplands
contain sinkholes and are considered to be remnants of an old eros ion
surface of small relief. The valley s are for the most part steep and
relativ ely narrow, with some nearly vertical rock bluffs extending over
200 feet above the valley flat.

D-2
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b. Relief. The average elevation of the uplands in the basin
is between 900 to 1,000 feet above sea level. The highest point is
the crest of Johnson Mountain , given as slightly exceeding 1,700 feet
m.s.l. Johnson Mountain is located in the extreme southern portion
of the basin near the headwaters of Big River. The streambed , located
less than a mile from the mountain , has an elevation some 700 feet
lower than Johnson ’s crest. Local relief is commonly as great as 400
feet and very commonly 200 feet. The lowest point in the basin occurs
where the Meraniec River empties into the Mississippi River , the flood
plain here maintaining an average elevation of 400 feet. The
St. Francois Mountain section contains the highest hills in the basin .
Many of these have cres ts exceed ing 1,400 feet and bare knob s of
igneous rock which protrude above the surrounding upland . This area
and the deep ly dissected headwate.rs of the Huzzah Creek (see PlATE D—l)
contain the most rugged topography of the Meramec Basin.

6. DRAINAGE

a. Characteristics. The Meramec River and its two main tribu-
taries exhibit contrasting forms of drainage patterns . The Bourbeuse
pattern is symmetrically dendritic with evenly spaced tributaries
entering from both south and north. This type of drainage is in part
a reflection of relatively soft rock underlying the Bourbeuse Basin .
The Meramec pattern is asymmetrical with the preponderance of tribu-
taries entering from the south. The abundance of north flowing
streams here appears to be a consequence of the initial slope away
from the axis of the upl i f ted area south and west of the St. Francois
Mountains . The Big River in the headwaters exhibits modified radial
drainage , influenced by the resistant igneous knobs and local high
areas. These patterns are readily discernible and are shown in
FIGURE 2.

b. Natural springs. Each of the rivers in the Meramec system
has at leas t one tributary maintaining a minimum flow exceeding one
million gallons per day. The only such tributary of the Bourbeuse
River is Spring Creek, which enters the river north of Stanton in
Franklin County. This creek is sustained by the flow from Kratz
Spring, one of the larger springs in the basin. The main tributary
of the Meramec River, ranked according to minimum flow, is the
Huzzah-Courtois Creek in Crawford County . The flow of this stream
is augmented by water from Westover Spring and many lesser magnitude
springs . Big River has two main tributaries , Mineral Fork and Mill
Creek. Racing and Cold Springs are the main feeders of Mineral Fork,
while Hopewell Spring sustains Mill  Creek. The discharge of springs ,
therefore , contributes greatly to the maintenance of stream flow in
the basin , particularly so in the times of prolonged drought. There

D-3
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are some 30 springs in the basin whose flows have been measured , and
many more sma l ler or diff icul tly measureable spr ings are known to be
present. The largest spring , located 6 miles southeast of St. James
in Phelps County , is approximately the seventh largest spring in the
State of Missouri , and has an average daily f l ow of 96 million gallons .
The concentration of larger springs is along the Meraniec River in
Crawford County . Comparatively few large springs discharge into the
Bourbeuse or Big Rivers. See PLATE D-l. TABLE D-l lists the measured
spr ings of the bas in, showing their average flow and the known or
inferred geological formation of the outlet.

c. Dry streambeds. A glance at the map of the Merainec Basin 
-

discloses a sizeable number of streams , having names such as “Dry
Creek’ , “Barren Fork” , and “Rock Branch”. The dry valleys of such
streams contain flowing surface water only after torrential downpours
or long sustained periods of rain. Most of these valleys contain
heavy thicknesses of gravel on the valley floor , and runoff into the
valley disappears quickly through this highly pervious gravel to flow
along the bedrock surface or through the bedrock itself. Indications
are that many of the springs of the basin are fed through such “dry”
valleys .

d. Groundwater. That portion of the Meramec Basin above Valley
Park is abundant in groundwater from shallow bedrock aquifers. Down-
s tr eam f rom Vall ey Park , depths to suitab le aquifers producing any
sizeable yield are much greater. Throughout most of the basin, potable
water, low in iron content, can be produced in quantities approximating
20 to 25 G.P.M. from depths of 150 to 250 feet. Because of the high ly
permeable nature of the cherty , unconsolidated mantle and the preva-
lence of solutionized dolomitic bedrock encountered in most of the
stream divides , the slope of the groundwater surface is low. In many
places , the water surface beneath the divide is at or be low the leve l
of adjacent streams. Salty and suiphurous groundwater is encountered
at depths below 500 feet in the lower basin area around St. Louis .
Detailed studies of the groundwater use and production capabilities
are contained in APPENDIX K.

7. GEOMORPHOLOGY

a. Glaciation. As the Meramec Basin lies below the southern-
mos t advance of the glaciers , i t did not experience the sco uring and
subsequent mant ling wi th glacial dri f t as did the area nor th of the
Missouri River. Deposits of b e s s are res tr icted to a sma l l  area near
the mouth of the Meraniec and a sizeable area on the northern edge of
the basin . The topography of this unglaciated surface , therefore , is
a res u l t of long continued erosion and the dissec t ion by s treams , some-
what controlled by structure and repeated uplift.
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b. Erosional aspects. Following the final retreat of the seas
from this area and the deposition of Pennsylvanian sediments , the
basin has undergone several cycles of uplift and erosion. Many of the
divides between major tributaries are relatively flat, have summits
at approx imately equal levels , and represent the oldest erosional sur-
face in the basin. Repeated uplift of this surface and intervening
erosion have produced a variety of valley forms within the basin, such
as the following.

(1) Remnants of older flood plains have been preserved as
benches or terraces cons is ting of alluvium and occurr ing on the s lopes
of wide divides and near the ends of steep ravines.

(2) Entrenched i~eanders are common on all three rivers
draining the basin. A most complex meander is exhibited in the con-
f iguration on the Bourbeuse River near Nos er Mil l  nor th of Sul l ivan in
Franklin County.

(3) Occasionally, meanders have been cut off , leaving
abandoned sizeable areas of old flood plain. An example of such a cut-
off meander is the “cove” area east of St. Clair, as shown in
FIGURE 3.

- 
Spring

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FIGURE 3

CUTOFF MEANDER - EAST OF.ST.CLAIR ,MO.
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(4) On some curves of the rivers, the inner or concave
side is approached by a long moderate “sl ip-off” s lope produced by
lateral as well as vertical degradation. A good example of such a
slope is the right abutment at the Salem damsite. See PLATE E-14 ,
“Salem Dam - Design Details”, APPENDIX E.

(5) At the southeast edge of the basin, the igneous
St. Francois Mountains protrude as knobs or peaks above the surround-
thg sedimentary surface. As these knobs were not carved by the present
stream s but are merely being uncovered by them, the streams are
altered in their course away from the more resistant granite or felsite.
When such a stream is unable to change its course, it erodes con-
stricted , narrow gorges in the resistant rock, which are locally calle d
“shut-ins”. Such “shut-ins” were formerly utilized as s ites for small
mill dams , taking advantage of the narrow valley width. Several of
these features are developed on the headwaters and tributaries of Big
River and at least two are known on the headwaters of Huzzah Creek.
The site of the H-25 headwater reservoir on the upper Big River , as
shown in FIGURE 4 , is an example of a typical “shut-in” .
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FIGURE 4

SHUT-IN ON UPPER BIG RIVER -SITE 11-25
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c. Caverns. The combination of unglaciated terrain , prepon-
derance of dolomitic rock, pervious cherty mantle , repeated uplift
and movement , and substantial rainfall has been favorable to the for-
mation of caverns and sinks in the Missouri Ozarks and in the Merainec
Basin. Three of the caves in the basin are commercially operated and
contribute to the recreational economy of the area. The existence of
sizeable caverns and their interconnecting solution channels directly
affect the problems of leakage from reservoirs and the required remedial
measures. In this respect , practically all proposed damsites in this
report are confronted with solutionized abutments and deleterious
aspects of the subsurface drainage. A list of known, sizeable caverns ,
showing locations by county and the geological formations in which
they occur, is presented in TABLE D-2. This list is not exhaustive
for the Meramec Basin, and many others are shown on PLATE D-l.

d. Soil - rock relations. As the residuum overlying the bedrock
surface of the basin is primarily a result of solution, it reflects
the lithologic character of the underlying rock. The mantle exhibits
every degree of removal of soluble material , and sharp contacts with
unaltered rock are extremely rare. The thickness of this mantle is
known from drill records to range up to 150 feet and probably exceeds
this at selected localities . The parent rock in the basin has weathered
in place-’ to produce several distinctive types of residuum:

(1) The most widespread lithology in the basin is cherty
dolomite which leaves a cherty clay soil mantle , usually very pervious ,
and attaining great thicknesses .

(2) The non-cherty limestones , especially the Platt in and
Kinmiswick, weather to form clay and silt soils, fairly loose, and con-
tam ing occasional carbonate fragments in their lower levels .

(3) Shales of the basin produce gray to dark-gray silts
and clays with occasional iron or lime concretions . Some of the lower
shales produce ash-like , powdery to sheety residuum of light-gray color.

(4) Fine sandy loam and cherty sandy loains are residual
from sandstones and cherty , dolomitic sandstones. Roubidoux derived
soils generally exhibit a reddish color, while residuum from the -

St. Peter is usually gray and has a higher sand content. Pennsylvanian
sandstones yield soils ranging from red to gray to yellow.

(5) The Potosi formation and, to a lesser extent, the
Eminence produce a deep -red , sticky , clay residuum , almost universally
containing quartz druse. This type of clay is distinctive to the
Potosi formation and occurs in considerable thicknesses on gentle
slopes .
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(6) A predominantly yellowish , cher ty ,  clay residuum is
derived from the argillaceous doloinites of the Jefferson City and
related formations. Dependent upon the character of the parent rock,
these soils vary considerably in their sand content.

(7) PLATE D-l shows the area distribution of lithologically
similar formations.

- 
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SECTION .111 - GENE RAL GEOLOGY OF THE BASIN

8. GEOLOGICAL ASPECTS AND MINERAL RESOURCES OF SUB-BASINS

a. Big River Sub-basin. The oldest Paleozoic sediments in
Missouri , as well as the areas of igneous rock on the northern flanks
of the St. Francois Mountains , are drained by the Big River and its
headwater tributaries. See PLATE D-l. The underlying rocks dip
slightly to the north and northeast and have been disturbed by small
displacement fault systems which are partly responsible for the
preservation of mineral deposits in the watershed. In St. Francois
County , the area surrounding Bonne Terre and Flat River , long referred
to as the “Lead Belt”, has been the Nation’s leading lead mining
district , most of the production being obtained f rom disseminated
galena in the Bonneterre dolomite. Through increased exploration
and development , new large deposits of lead are being opened to the
west and north , expanding the old “Lead Belt”. Washington County and,
to a lesser extent , Jefferson County contain large commercial deposits
of barite in the residuum of the Potosi and Eminence formations. This
area is the principal barite producing district in Missouri. Dolomites
of the Jefferson City and Bonneterre formations are quarried for
crushed stone, and, near the mouth of the Big River , limestones of the
Plattin formation provide concrete aggregate and agricultural lime .
Waere the river drains the cherty dolomites , deposits of sand and
gravel are abundant , while , elsewhere in the sub-basin , these deposits
are not as well developed. Many springs issue from the Potosi forma-
tion in the sub-basin , but none of these are known to have flows exceed-
ing 2 second-feet.

b. Bourbeuse River Sub-basin. The Bourbeuse River drains an
area predominantly underlain by Ordovician argillaceous dolomites and
sandstone and Pennsylvanian clays , sha].es , and sandstones. As these
rocks are less resistant to weathering, the topography is more gentle
than the rest of the Meraxnec Basin. The lowlands along the streams
are generally quite extensive and are bounded by gradually sloped val-
ley walls , even into the headwaters . The comparative scarcity of chert ,
especially in the Pennsylvanian rocks , has resulted in the development
of thicker, less stony soils , more suited to cropland and pasture.
This relatively impervious soil mantle allows for rapid runoff from
the uplands, and coupled with the existence of less soluble rock for-
mations , results in the development of few springs or caverns. The
principal mineral resource of the area is fire clay , which generally
occurs in discontinuous depressions or sinks of varying depth. The
deposits are not known to be more than 100 feet thick, and extraction
is obtained by open pit methods. Clay currently being mined is distrib-
uted along the upper perimeter of the Bourbeuse Sub-basin. Dolomite
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is quarried for crushed stone and for agricultural purposes , and sand-
stone blocks are produced in limited quantities for use as building
stone.

c. Meramec River Sub-basin. Cambrian and Ordovician cherty
dolomites , having a gentle regional dip to the north, underlie the
middle and upper portions of the Meramec River watershed. In the lower
portion of the drainage of the main stream , successively higher forma-
tions are encountered. See PLATE D-l. The sub-basin is characterized
by having steep walled valleys , carrying many caverns and springs ; by
being mantled with pervious , residual soils ; and by having valleys
heavily laden with huge deposits of gravel. This gravel, especially
in the middle and lower courses , constitutes a valuable mineral
resource. Farther up in the watershed , in the vicinity of Sullivan
in Washington County , deposits of high-grade iron ore, occurring at
depths between 1,500 and 3,000 feet, are about to be exploited. In

• the southwest section of the sub-basin near the juncture of Crawford ,
Dent, and Iron Counties , production of lead from the recently opened
Viburnum Mines has begun, and explorations for lead, copper , and iron
are continuing throughout the basin. Silica sand from the Ordovician
St. Peter sandstone is quarried at Pacific, Missouri , and some build-
ing stone is produced from the Roubidoux sandstone for local consumption.
The limestones of the Plattin , Kimmswick, and St. Louis formations are
quarried extensively for concrete aggregate, roadstone, and agricultural
lime. The mineral resources of the Meramec Basin, along with current
explorations and development , are covered in APPENDIX J of this report.
Locations of mines , quarries , and sand and gravel pits are shown on
PLATE D-l.

9. STRATIGRAPHIC SUCCESSION

The stratigraphic succession ranges in age from Precambrian to
Pennsylvanian, with rock types of granite, felsite , dolomite , lime-
stone, sandstone shale, and clay represented. Small amounts of coal
are associated with the Pennsylvanian deposits in sinks and depressions,
and remnants of siliceous gravels , considered to be Tertiary in age,
cap a restricted upland north of Pacific in St. Louis County. Loess
and b ess-derived soils occur at the northern boundary of the basin
and at the mouth of the Merainec River. A generalized stratigraphic
sequence of the consolidated rocks is shown on the legend of PLATE D-l.

10. SURFACE ROCK

a. Precambrian granite. Exposures of the granite are limited
within the basin and consist of pink to gray , massive , medium-gramned
rocks low in iron and dark mineral content. No structures are planned
which involve the granite , nor is it currently being quarried within
the basin as a source of construction materials .
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b. Precambrian felsite. The felsite as seen in the Merarnec
Basin is a reddish-dark-gray rhyolite with few feldspar or quartz
phenocrysts. The rock is hard and somewhat brittle , exposures usually
showing sharp angular outlines except where waterworn. Jointing is
close spaced , and most outcrops reflect this feature. The high “knobs”
and “mountains” in the upper Big River watershed are carved in this
rock , and it is the surface rock of quite a few valley walls and
“shut-ins” in this area.

c. Cambrian Lamotte. Exposures of this predominantly quartzose
sandstone are limited to the drainage areas of Terre Bleue and Cedar
Creek , tributaries of the Big River. The Lamotte here is reddish-gray ,
comparatively well indurated , medium- to coarse-gramned sandstone. It
is well bedded , with a few thin clay layers occurring between beds .
No chert was observed in the outcrops. Except where tight cementing
has occurred or where topographic or structural conditions are unfavor-
able, the Lainotte has been described as an aquifer yielding abundant
supplies of water. Thicknesses up to 500 feet have been recorded for
this formation in well logs.

d. Cambrian Bonneterre. The Bonneterre is a gray to gray-brown,
medium—bedded , chert-free dolomite , containing many small dolomite- and
calcite-lined vugs. In some areas, beds of limestone occur within the
dolomite. As noted elsewhere , this formation is an important host
rock for lead deposits and is quarried for crushed stone. Locally , a
chocolate-red , fat soil is derived from Bonneterre weathering. In the
“Lead Bel t”, the formation has an approximate thickness of 400 feet.

e. Cambrian Davis. The Davis formation consists of a complex
of thin-bedded dolomitic limestones , green to brown plastic shales,
slabby beds of calcareous sandstone or siltstone , and beds of lime-
stone conglomerate. It is glauconitic in part and almost free of chert.
It is the least resistant of the Cambrian formations , and soils derived
from the Davis formation have a flaky and ashy texture. The thickness
of the formation is variable, but averages about 170 feet.

f. Cambrian Derby-Doerun. Thin to medium beds of argillaceous ,
buff dolomite, alternating with thin shale and siltstone, are exposed
in the upper drainage basin of Big River as the Derby-Doerun formation.
These beds, along with the underlying Davis formation, are the only
conspicuously shaly formations of the Missouri Cambrian. The thickness
is variable , averaging some 150 feet.

g. Cambrian Potosi. This massive, brownish dolomite contains
considerable quartz druse associated with chert. It is consistently
porous and vuggy and contributes moderately to large quantities of
groundwater. Many small springs issue from this formation, and
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commercial barite deposits occur in the distinctive red , sticky , resid-
ual clay developed in southern Washington County . The gravels of the
middle Big and Meramec Rivers contain a large percentage of cherty
quartz druse derived from this formation . The average thickness is
200 feet , but deep wells have penetrated over 300 feet of rock referred
to the Potosi formation.

h. Cambrian Eminence. An overwhelming percentage of the major
caves in the Meramec Basin is developed in the massive , coarse-grained ,
cherty dobomites of the Eminence formation . Several large and many
smaller springs issue from these rocks which form the valley walls
over a considerable area of the Big and Meratnec watersheds. Ground-
water occurs in quantity in crevices and openings in the dolomite , and
small city wells have tapped this aquifer for municipal supplies . The
Eminence has a thickness of 200 to 250 feet.

i. Ordovician Gasconade. The brownish-gray , cherty dolomites
of the Gasconade form many of the bluffs along the streams of the
basin. Some caves and the majority of the larger springs of the water-
shed occur in this formation. The lowermost part , designated the
Gunter Member, is a persistent sandstone or arenaceous dolomite and is
generally a reliable source of groundwater. The weathering of this
300-foot thick formation produces a very cherty residuum , and gentle
slopes and hillsides underlain by the Casconade have a conspicuous ,
light-colored chert mantle.

j. Ordovician Roubidoux. Sandstone is the dominant constituent
of the Roubidoux in the Meramec Basin, with subordinate cherty
dolomjtes. The sandstone is fine grained , massive to well bedded ,
has a reddish to gray cast on surface exposures , and is commonly
cemented with dolomite . The dolomite is sandy, finely crystalline ,
and contains beds of banded , oolitic , sandy chert. The formation is
commonly found capping the upland divides , and its total thickness in
the basin is usually less than 100 feet. Domestic and larger supplies
of groundwater can be obtained from Roubidoux sandstones .

k. Ordovician Beekmantown. A thick (550 to 600 feet)  section of
dominantly argillaceous dolotnites underlies a large area in the north
and northeastern sections of the Meramec Basin. The stratigraphic
interval from the Jefferson City through the Cotter , Powell , and
Smithville formations is regarded as equivalent to the Appalachian
Beekmantown, and these formations , with the exception of the Smithville
which is not known to occur in the basin, are referred to as
Beekmantown in this report. The Beekmantown consists of brownish ,
argillaceous dolomites , with beds of sandstone , shale , and cher ty
dolomites . Sequence is seldom duplicated at different outcrops , and
individual formations are difficultly differentiated. Fine crystalline ,
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argillaceous dolomite called “cotton rock” is characteristic. Except
for occasional durable ledges , the formations are relatively sof t and
easily weathered . While the oolitic cherts are somewhat diagnostic ,
the formations are not heavy chert bearers. Small supplies of ground-
water are obtained from sandy layers and crevices in the dolomite , and
limited amounts of building stone and crushed stone , including agri-
cultural magnesium-lime , are quarried from the Beekmantown.

1. Ordovician St. Peter. The St. Peter is a massive , pure sand-
stone composed of fine-grained , rounded , and frosted quartz grains.
It occurs in a narrow belt extending northwest and southeast of
Pac if ic , Missouri. Its entire thickness of 60 to 80 feet is generally
permeable , and fresh exposures are soft and friable. As it is a
source of glass sand and abrasives and is a good aquifer , it is an
economically important formation in the basin. Beneath the St. Peter
in Jefferson County , thin sandy dolomites of the Everton formation
occur in increasing thicknesses southward . The Everton is grouped
with the St. Peter on PLATE D-1.

m. Ordovician Joachim. The Joachim consists of some 80 feet of
yellowish-brown, argillaceous dolomites occurring in a belt parallel
and east of the St. Peter. The rocks are relatively weak and less
resistant to erosion and , being chert free , leave a clayey or silty
residuum . Small amounts of water can be obtained from crevices and
solution openings in the dolomite.

n. Ordovician Plattin. The Plattin formation consists of some
140 feet of dense , very fine-grained limestone occurring in the belt
of Ordovician rocks eas t of Pacific , Missouri. The limestone weathers
to a system of narrow , tubular openings , giving a worm-eaten appearance.
As the limestone is hard and durable , it is quarried for use as con-
crete aggregates .

o. Ordovician Decorah. The Decorah is a thin formation con-
sisting of interbedded thin limestones and shales. It is a poorly
resistant formation, and outcrops are limited.

p. Ordovician Kimmswick. The lUmmswick is a massive , coarse-
grained , crystalline limestone , attaining a thickness of 150 feet. It
is typically white to light-gray and very pure. Overlying the Kimmswick
intermittently is a coarse-grained , argillaceous limestone , several
feet in thickness , which has been named the Cape formation. A little
groundwater from crevices and solution openings has been obtained from
these formations .

q. Ordovician Maguoketa. The Maquoketa consists of from 30 to
60 feet of thinly laminated , silty , and calcareous shales of a dark color.
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It is a non-resistant, air-sensitive formation, and outcrops are
few.

r. Mississippian rocks. Mississippian rocks underlie that por-
tion of the Meramec watershed extend ing from the bel t of upper
Ordovician rocks to the Mississippi River. Many of the formations
have a limited outcrop , while others are areal ly extens ive , and a few
are economically important. Several non-persistent formations, includ-
ing the Grassy Creek shale , Gl en Park l imes tone , and Bushberg sand-
stone , are presently classified as unassigned Devonian or Mississippian.
These formations and the Kinderhook ian Chouteau limes tone crop out in
the vicinity of Castlewood along the Meramec River. The Fern Glen
calcareous shale and limestone also outcrop at this locality. Other
Mississ ippian forma tions underly ing the lowe r Meramec Basin include,
in ascend ing order:

(1) Burlington-Keokuk - About 175 feet of light-colored ,
coarsely crystalline, crinoidal , and cherty limestone.

(2) Warsaw - Some 80 to 100 fee t of dark shale and shaly ,
dolomitic limestone.

(3) Sal em - About 150 f eet of argillaceous limes tone,
locally dolomitic , shaly , oolitic , and cherty; quarried for crushed
stone in St. Louis County.

(4) St. Louis - Up to 250 feet of dense lithographic to
f inely crystalline limestone in which chert is sparingly developed.
Locally thin shales and silts tones are encountered. The limestone is
quarried in the St. Louis area for cement manufacture and concrete
aggregate.

a. Pennsylvanian rocks. The Pennsylvanian system underlying
the uplands in the upper Bourbeuse watershed and in isolated patches
els ewhere in the Meramec Bas in is represen ted by shale , sandstone,
clay s , and a little coal. Much of this rock occupies sinks and depres-
sions developed on the Cambro-Ordovician surface. The predominant and
most conspicuous lithology is the fire clay, which is of the p las tic
to flint variety , white to light-gray in color, with redd ish and pur-
ple tints. This clay is mined in surface pits and trucked to stock-
piles and refining plants . None of the small patches of coal is cur-
rently being mined.

11. GROUNDWATER CHARACTERISTICS

The ability of the geological formations to store, transmit, and
y ield water is a f unct ion of many var iables in add ition to the phy s ical
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characteristics of the rock. Some of the additional variables include
topography,  hydraul ic head , and geological structure. However, in
the basinwide distribution , potential aquifers may be expected to
yield certain quantities of water. A general summary of formations
and their normal characteristics follows.

a. Recent alluvium. Large yields may be obtained where the
alluvium is thick. Water may require iron removal locally.

b. Pennsylvanian strata. Very little water is obtained from
these rocks.

C. Mississippian strata. Small amounts of water are available ,
but the yield is selective and spotty.

d. Ordovician system.

(1) Maquoketa - No water available.

(2) Kimmswick to Joachim - Small amounts can be obtained ,
but water is usually mineralized.

(3) St. Peter - Good aquifer for domestic and municipal
supplies. Water may be mineralized.

(4) Beekznantown - Small amounts available; may be
mineralized.

(5) Roubidoux - Good domestic and municipal supplier.

(6) Gasconade - Good to fair municipal supplier.

(7) Gunter Member - Yields domestic and municipal quantities .

e. Cambrian system.

(1) Eminence and Potosi - Yie ld moderate to large supplies .

(2) Derby-Doerun to Bonneterre - These formations generally
yield only small amounts of water.

(3) Lamotte - Yields moderate to large amounts .

f. Geographic characteristics. Certain formations are tapped
in various basin sectors and provide the major source of groundwater.
The sec tors and aquifers are :
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(1) Southeast basin - In Washington and St. Francois
Counties, the Potosi and Lamotte formations are good aquifers, with
some yield coming from the Bonneterre .

(2) Central bas in - From Rolla to Pac if ic , Missouri, the
Roubidoux , Eminence, and Potosi formations yield most of the
groundwater.

(3) Northern sector - Small supplies have been obtained
from the Roubidoux , with larger amounts coming from the Eminence-
Potos i at greater depths .

(4) Nor theas tern s ector , east of Pacific , Missouri —
Large yields are obtained from the St. Peter.

(5) Northeas tern sector , east of Eureka , Missouri - Small
yields are available from the Mississippian limestones.

g. Municipal well characteristics. To more fu l ly  describe
groundwater characteristics of the formations , the following municipal
well statistics are outlined. Data were obtained from the Missouri
State Geological Survey .

(1) Rolla Well No. 5 - Penetrated Jefferson City through
Elvin formations , at total depth of 1,078 feet;  230 feet of casing
set; static water level 165 feet; yield 540 G.PJ4.; drawdown 80 feet.

(2) Salem Well No. 2 - Penetrated Gasconade through
Lamotte formations, at total depth of 1,470 feet; 400 feet of casing
set with 200 feet of liner through Davis shale; static water level
34 feet; yield 250 G.P.M.; drawdown 166 feet.

(3) St. James Well No. 2 - Penetra ted Jefferson City
through Elvin formations , at total depth of 1,100 feet; 295 feet of
casing set; static water level 198 feet; yield 360 G.P.M.; drawdown
not reported .

(4) Bourbon Well No. 2 - Penetrated Roubidoux through
Potosi formations , at total depth of 501 feet; 180 feet of casing set;
static water level 185 feet; yield 73 G.P.M.; drawdown unknown.

(5) Sullivan Well No. 2 - Pene trat ion is Gasconade through
Elvin formations, at total depth of 850 feet; 345 feet of casing set;
static water level 160 feet; yield 420 G.P.M.; drawdown 100 feet.

(6) Owenaville Well No. 2 - Penetration is Jefferson City
through Potosi forma tions , at total depth of 962 feet; 430 feet of
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casing set; static water level 198 feet; yield 79 G.P.M.; drawdown
180 feet.

(7) Farmington Well No. 6 - Bonneterre through Lamotte
penetration; total depth 638 feet; 200 feet of casing set; yield ,
before shooting Lamotte , 80 G.P.M.; yield , after shooting Laisotte,
162 G.P .M. ;  drawdown 222 feet.

The groundwater characteristics at proposed reservoir sites are dis-
cussed in SECTION IV of this appendix.

12. STRUCTURE

a. General. The controlling structural feature affect ing the
Meramec Basin is the Ozark uplift. Rocks of the basin lie on the
northern flank of the uplift and dip gently to the north and northeast.
Adjacent to the igneous knobs in the southern portion, the rocks dip
sharply away in all directions , and, at the mouth of the watershed,
the dip again is increased , plunging towards the Illinois structural
basin to the east. In the upper Bourbeuse drainage basin, the rock
slope is more gentle. Superimposed on the broad rock slopes are
occasional low folds and structural highs ; however, no folded struc-
tures O.f any great magnitude are known. Irregular subsidence on por-
tions of the Roubidoux capped upland has resulted in discontinuous
low swells and depressions , thought to be caused by local dissolving
of the underlying soluble rocks.

b. Faults. Several rather well-defined fault systems of con-
siderable length , but usually small displacement , occur in the basin.
See PLATE D-1. Some of these normal faults have been active to a
minor degree , as indicated by seismic determinations at St. Louis
University . Drag folds are associated with a few faults , while
others appear to be the result of high—angle shear with little dis-
turbance of affected beds. An extremely complex feature, consisting
of a circular , highly deformed area on Crooked Creek, with high-angle
faults of large displacement, has been interpreted to be the result
of either a subterranean explosion or the impact of a meteorite.
From the limited evidence available , most fault planes are judged to
be tight and well healed. Exceptions may be noted, however , as the
association of McDade Spring with the Cuba Fault zone demonstrates.

c. Joint systems. The topography ,  the drainage patterns of the
streams , and the surface configurations of rock bluffs in the basin
show a dependency on the joint fractures exhibited in the rocks.
Closely spaced joints , probably resulting from cooling tension , are
prevalent in the outcropping felsites , and columnar hexagonal jointing
is sparingly developed. Sheet jointing in the granite is very
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pronounced just beyond the watershed boundaries . Other than the above
jointing types in the igneous rocks, most joints are the result of
forces due to faulting or development of the broad folds in the
sedimentaries. Tension joints resulting from drying or shrinking are
rare. The delineation of the direction of the major sets of joints
varies with local conditions, but the predominant al inement appears
to be NE-SW and NW-SE. Many of the joint fractures are healed with
dolomite and calcite .
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SECTION IV - GEOLOGY OF MAIN STREAM RESERVOIRS

13. PINE FORD RESERVOIR (2.4)

a. Borings. Subsurface explorations included four shallow
core borings and seven borrow borings , the logs of which are shown
on PLATE D-6. Bedrock penetrated along the proposed axis consists
of hard , vuggy dolomites of the Gasconade formation, moderately
affected by solution. The beds of coarse-grained dolomite are rela-
tively thin, contain nodular , bluish-grey chert, and weather to a
sandy texture. The majority of core recove red is weathered and
fractured. Depth to rock beneath the flood plain is indicated to be
25 feet. On the valley slopes and abutments , rock was encountered at

• depths less than 15 feet .

b. Surficial  rock. There are no significant rock outcrops on
either of the moderately sloping valley walls at the proposed axis.
Upstream , however, the river flows against many near—vertical rock
bluffs capped with sandstones of the Roubidoux formation. On the
right bank of the river , approximately 1 mile upstream of the axis, a
sizeable cavern, having an entrance 10 by 30 feet, extends into the
rock an unknown distance . Farther upstream at the narrow divide on
the r iver loop , considerable solution pockets and caves with openings
up to 4 feet in cross section taper back into the dolomite and remain
open to the limit of observation.

c. Faults. In the reservoir area, across from the mouth of
Ditch Creek, there is evidence of a small normal fault trending NW-SE.
The displacement is small , and the fault zone visible is tight. The
only other indication of faulting occurs in the upper reaches of the
reservoir , where the extensive and complex V ineland F ault zone cuts
across the pool area. The northeastern side is downthrown and results
in successively older rocks forming the bedrock surface.

d. Groundwater. An analysis of 44 water well logs shows that
limited yields of 5 to 15 G.P.M. are obtained from the Potosi-
Bonneterre at depths of 100 feet. Deeper wells (200-400 feet) obtain
20 to 50 G.P.M. from the Potosi down through the Lainotte. The well
records disclose groundwater levels higher than adjacent streams .

e. Mineral deposits. Deposits of barite are known to be located
in the reservoir area, but current mining operations are situated above
the flood control pool elevations. See APPENDIX J. The area is also
underla in by lead-bearing dolomites.

f. Auxiliary dam. An auxiliary power dam and reservoir on a
tributary- ravine just downstream of the main dam were considered.
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Bedrock conditions are similar to the main dam , with rock show ing at
• the surface of several natural drains. The perimeter of the studied

power pool would require considerable length of tie-in dikes to achieve
maximum storage. As the residual soil capping the narrow divides
beneath these dikes is pervious , an impervious earthern cutoff is
proposed. Rock outcroppings on the ravine slopes are scarce; however,
indications are that the depth to rock is minimal.

• g. Conclusions.

(1) No indications of adverse geologic factors of a magni-
tude to eliminate the feasibility of this project have been disclosed
by present investigations.

(2) Depths to rock are not excessive. It is estimated that
rock is somewhat weathered and permeable along the power pool rim.

(3) The presence of permeable deposits in the valley flat
would require a cutoff to insure positive control of seepage.

(4) Normal grouting programs should be required along the
center line of both dams and at the narrow ridge at the river loop
neck, as well as a shallow curtain beneath the earth cutoff for tie-in
dikes of the power pool.

(5) Faulting in the reservoir area does not appear to
present leakage problems. The trace of one fault observed in the field
was very tight. Minor activity along the Vineland Fault system was
reported in 1946.

(6) The construction of the project would eliminate the
future development of barite leases and might adversely affect explora-
tion of lead properties.

(7) Foundation rocks of the Gasconade formation are strong,
hard , and durable and are not known to contain soft or plastic zones.
Bedding planes are tight, and jointing is widely spaced. The dolomite
does contain soluble layers, which would require careful explorations
in advanced studies.

(8) Water well data show groundwater gradients indicative
of reasonably tight valley walls.

14. WASHINGTON PARK RESERVOIR (5)

a. Borings. Boring data shown on PLATE D-7 indicate moderate
depths to rock along the axis of the proposed dam , but the surfac e rock
is somewhat porous and weathered.
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b. Surficial rock. At the studied site , the r ight valley wal l
is a vertical rock bluff carved in the Potosi dolomite and extending
upward direc t ly from the water’s edge. The left side of the stream
contains a gravelly , clay-filled flood plain and a moderately steep
slip-off slope produced by lateral degradation. Above the damsite ,
the flood plain is well developed and bordered on at least one side
by high vertical rock bluffs .

c. Faults. Several small solution pockets show in the vertical
rock bl uf fs , but no indications of major solution zones were observed.
The Potosi formation here exposed is a hard , somewhat vuggy , massive ,
brown, cherty dolomite , with the typical quartz druse only sparingly
developed. The beds are essentially horizontal , and jointing appears
to be widely spaced. Bedding planes are irregular and ill-defined.
No soft or questionable zones were observed and there are no known
faults at the damsite or in the reservoir area.

d. Groundwater. Limited water well data indicate that from 5
to 15 G.P.M. can be obtained at depths of 100 feet from the Potosi
formation. Highest yield noted is 40 G.P.M., while one well driven
to 394 feet obtained only 15 G.P.M. Two fairly large springs in the
headwaters and numerous small springs along the valley contribute to
the flow of Mineral Fork. This consistent flow, compared to the
drainage area, indicates that bedrock seepage is negligible at the
dainsite.

e. Mineral deposits. Mineral resources of the reservoir area
are limited to several small hand—operated barite pits and gravel bars
worked sporadically for very local use.

f. Conclusions.

(1) The foundation r ock , as revealed by the exploratory
borings , occurs at moderate depth along the proposed axis. The rock
as observed in the right bluff is hard and competent.

(2) Because of the porous nature of the bedrock , a normal
grouting program should ~e required across the valley section.

(3) An impervious cutoff to bedrock will be required to
prevent underseepage through the flood plain sands and gravels .

- (4) Water wells of the area and surface flow indicate a
rather tight bedrock valley . -

(5) No important mineral resources would be inundated.
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(6) There are no known geological features that would clas-
sify this site as unsatisfactory.

15. IRONDALE RESERVOIR (9)

a. Surficial rock. The site is in the foothills of the
St. Francois Mountains , and Precambrian igneous rocks are prominently
displayed as knobs or bare to partly forested hills. The river at
the danisite has cut a steep valley in the resistant rhyolite , and both
valley walls and the streambed are essentially in bedrock. A very
thin gravel covers the streambed with rock crags protruding through.
Valley slopes are partly forested between steep to vertical rock
outcrops . On the left abutment , contact of the igneous rhyolite body
and the adjacent Bonneterre dolomite occurs in the vicinity of boring
1-4. See PLATE D-8. The dolomite here is essentially horizontal,
occurs in thin beds , and is overlain with about 10 feet of fat clay.
Along the main valley section, the rhyolite is dark purple , very fine
grained , contains occasional large feldspar crystals , and is complexly
jointed and fractured. The rock is very hard , and outcrops , not
influenced by water erosion, are sharp and angular.

b. Sinkhole. Upstream of the proposed axis on the left abut-
ment there is located a large, very free-draining sinkhole dissolved in
the Bonneterre. This sink is said to drain near river level about a
mile upstream of the axis. There is no indication of subsurface drain-
age at the axis, but this feature would be checked in future studies.

c. Mining operations. An old iron mine shaft was found just
upstream of the axis on the same abutment as the sink. It is of
unknown depth, waterfilled , and from several observations appeared to
be tight. An abandoned strip iron mine is located nearby and practi-
cally on the axis. The diggings were shallow, and no problems are
anticipated here.

d. Groundwater. Twenty-one water well logs show yields of 5 to
15 G.P.M. from Bonneterre-Lamotte at depths of 50 to 150 feet. No
record of large-yield wells in the reservoir area could be found.

e. Conclusions.

(1) Preliminary investigations indicate a geologically
feasible site.

(2) No adverse factors were encountered, but subsurface
drainage in the rhyolite and faulting in the reservoir area should be
investigated in future studies.
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(3) Required rock excavation should be minimal but costly
in the very hard rhyolite.

(4) A normal grouting program would be advisable in the
dolomite section along the axis.

(5) Iron was formerly mined in the area and explorations
for lead have been made. However, there are no known mineral resources
actively being exploited.

16. MERAMEC PARK RESERVOIR (17)

a. Borings. The largest reservoir in the system currently being
studied would be located in Meramec State Park near Sullivan, Missouri.
The main dam location was explored in some detail during previous
studies. Selected boring logs of these previous studies and logs of
borings drilled for hilltop power reservoir are shown on PLATES D-lO ,
D—ll , D-l2, and D—l7.

b. Bedrock. Dolomites of the Gasconade and Eminence formations
underlie the valley walls and streambed at the main damsite , and
estimated depths to bedrock are shown on the typical sections of
PLATE E-ll, APPENDIX E. Drilling has indicated variable depths to
rock along the summits of the valley divides , due mostly to differen-
tial weathering of the soluble dolomite. Both of the surface forma-
tions contain considerable chert and the residuum Is granular and
pervious. Transition zones from weathered to firm rock can be rather
large. The dolomite bedrock, where unweathered, is hard and strong
and is not known to contain soft or plastic zones. A thin-bedded ,
somewhat shaley phase, occurring near the contact of the Gasconade and
Eminence formations , is always undercut in natural exposures and is
evidently the weakest rock known in the area.

c. Caves. As shown on PLATE D-l , the area contains a number
of caverns dissolved from the soluble dolomites~~ At least two of
these caves cross or very closely approach the axis of the proposed
main dam on the left abutment. A small spring or cavern stream
exits from the left rock bluff near the water’s edge. A detailed
study of the possibility of water flooding the downstream commercial-
ized Fisher Cave through subterranean fissures was undertaken. Maps
of the cave were obtained from the Missouri State Geological Survey
and were superimposed on a series of cross sections of the downstream

• topography . From this study , it is concl uded that any leakage through
bedrock would find surface relief at an intervening ravine and the
cavern would not be affected.
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d. Faults. A major fault system , the Leasburg Fault , crosses
the extreme upper end of the reservoir. The trace of this fault was
not observed in the field and no other faults have been located.

e. Mineral deposits. Shallow, sink type deposits of iron were
formerly mined in the reservoir area. No currently active mines of
this type are known, but deep-seated iron ores are presently being
mined at Pea Ridge, to the east of the reservoir area.

f. Hilltop power pool. At the hilltop power site, the dam
would cross a steep side ravine, whose confining slopes expose nearly
continuous rock outcrops beneath a soil thick enough to support trees
and other vegetation. The bottom of the ravine contains some 20 feet
of alluvium, while the underlying Eminence dolomite is much weathered
for an additional depth of 10 to 15 feet. Borings on the power pool
rim indicate weathered rock to vary from 15 to 50 feet below ground
surface. In the northwest rim of the power pool , the existence of a
cave with connection to a large sink has been observed. A field
traverse of the pool slopes has also shown many ledges and undercut
rocks leaking water, while the cherty , granular residuum overlying
rock on the crests has been shown by explorations to be very pervious.
The presence of these leaky subsurface conditions would require con-
siderable remedial measures in the forms of grouting, concrete cave
filling , saddle dams with impervious cutoffs , and sealing leaking
pool zones.

g. Reregulating dam. The site of the low reregulating dam con-
tains a rock bluff on the left bank and a very sandy,  rather extensive
flood plain on the right. The only problem evident here is the stabi-
lizing of the sandy right bank to prevent erosion due to infrequent
flooding over the weir.

h. Groundwater. An analysis of 72 well logs in the area shows
that domestic water yields of 10 to 20 G.P.M. are obtained at depths
from 150 to 250 feet. The major aquifer is the Gunter Member of the
Gasconade, with some yield from the Eminence-Potosi. Larger yields
(50 to 280 G.P.M.) are obtained by penetrating the Eminence and going
to the Lamotte. Depths of larger wells range from 300 to 900 feet.
As determined from wells and borings , water levels are rather low in
both bedrock valley walls.

i. Conclusions.

(1) The cherty dolomites involved in all structure founda-
tions are hard, competent rocks when fresh and unweathered and contain
no known soft or plastic zones. A persistent, thin shaley zone , fre-
quently undercut, occurs near the contact of the Gasconade and Eminence.

D-25



r -
~~~ 

— - — -

~~~

-

(2) The existence of permeable strata, solution iones,
caves , and s inks in the areas of the re servoirs and at the damsi tes
would require additional ~~tailed exploration during future studies.

(3) Commercially operated caverns downstream of the dams
and at the upper end of the main reservoir would not be adversely
affected by construction of the project.

(4) The Leasburg Fault was reported as being active (1943),
producing moderate earthquake intensities in the area.

(5) Depth to bedrock and depth of weathering are consid-
erable and erratic along the crest of the power pool.

(6) The nature of the solutionized rock indicates a grout-
ing curtain across the entire valley alinement of both dams. Boring
and well data indicate a heavy grout take. -

17. SALEM RESERVOIR (27)

a. Borings. Data shown on PLATE D-l3 indicate a deep, gravelly,
clay residuum overlying bedrock on the right abutinent above the 1,000-

• foot level. Below this, rock appears at more moderate depths.

b. Surficial rock. Topography of the area is rough and severely
dissected. The flood plain below the proposed axis widens consider-
ably, and, immediately above the damsite, it is similarly abnormally
wide. The left abutment is cut in a near—vertical rock bluff of
Gasconade and Eminence cherty dolomite. Rock outcrops are scarce on
the right bank, which extends through pastureland of a fair slope to
higher timber-covered uplands. Limited bottomlands are very gravelly ,
as is the streambed itself.

c. Bedrock. Rock is believed to lie at a depth of 20 feet below
the valley section of the power pool and some 5 feet on the valley
s lopes . Mt estimated 25 feet of residual soil and weathered rock over-
lies the Gasconade dolomite on the power pool perimeter. Fragments of
Roubidoux type sandstone lie scattered along this perimeter.

d. Caves. Gasconade and Eminence cherty dolomites are exposed
in the left bluff , which contains at least two sizeable caverns. One
is located approximately 150 feet upstream of the axis, with an
entrance at about elevation 1,020 m.s.l. The other is found about the
same dis tance downs tream but at a much lower elevation , say 920 to 940.
At least seven other caves are known to occur in the main reservoir
area. No indications of cavernous conditions were observed in the
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power pool area. However, a single undercut dolomite ledge was con-
sis tently noted in ravines along the val ley slopes and appeared to be
leaking slightly.

e. Groundwater. Several small springs issue close to stream
level in the main reservoir area and directly downstream of the pro-
posed axis. The joint controlled drainage in this portion of the
Meramec would indicate that the formations are well jointed and that
enlargement by solution has taken place in both these and the bedding
planes . Limited water well data at this site indicate that low yields
of 5 to 10 G.P.M. can be obtained from Gasconade-Eminence formations
at depths averag ing 200 feet.

f. Mineral deposits. Mineral resources in the reservoir area
include low—grade, surfac e iron depos its and sand and gravel. None of
the iron has been mined for many years and sand and gravel deposits
are dredged or dragl ined only occas ional ly for very local use.

g. Conc lusions.

(1) Depths to bedrock are not excessive along the valley
sections of the main and power dams, but residuum and weathered rock
along the reservoir rims are expected to be somewhat deep and erratic.

(2) Due to the soluble nature of the dolomite , grouting
programs would be required along the valley sections of both dam s and
to cut of f the persistent leaking ledge in the power pool.

(3) Conditions and subterranean outlets of caverns should
be thoroughly explored in later studies . For purposes of this study ,
all caverns would require concrete sealing.

(4) No mineral resources are being actively exploited in
the reservoir area.

(5) There is no evidence of faulting in the reservoir area.

(6) Foundation rocks would be sufficiently strong to sup-
port the structures , and there is no indication of the presence of
soft, plastic , or unsuitable rock.

18. UNION RESERVOIR (29)

a. Borings. This site was exp lored in some detail dur ing
earl ier studies , and s elec ted bor ings and logs are shown on PLATES D-l4 ,
D-l5, and D-16.
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b. Surficial conditions. Topographically , the dams ite consis ts
of a steep lef t valley wall , containing many rock expos ures , a very
narrow flood plain, a low terrace , and a moderately steep right abut-
ment exposing few rocks. The river veers to the south directly above
the axis , and the pool area is more severely dissected than many upper
reaches of this river.

c. Bedrock. Bedrock underlying the selected axis is cherty
dolomite of the Gasconade forma tion, and dep ths to rock are moderate
along the valley section and lower abutment slopes. See PLATE D-l5.
On the crests of the abutments and on the reservoir perimeter, weathered
soft dolomites and sandstones of the Roubidoux attain a thickness of
some 60 feet, which in turn overlie the relatively unweathered and firm
Gas conade.

d. Caves. Although no cavernous conditions were encountered in
the bor ings or observed in the f iel d, localized zones affected by solu-
tion and small cavities occur sparingly and widely dispersed through-
out the rock section. The upper 10 to 20 feet of the rock on the
valley slopes are weathered in varied degrees, but no pronounced or
continuous zones of soft or plastic material were observed at depth.

e. Faults. An offset of the Leasburg Fault system cuts across
the rocks underlying the upper reservoir, and above this fault the
proposed reservoir would be underlain by argillaceous dolomites of
the Jefferson City formation.

f. Groundwater. Investigations performed during earlier studies
indicate that the water table is deeply buried in the left abutment
and less deeply in the right abutment. The slope of the water table
appears to flatten out in the vicinity of the Roubidoux-Gasconade
contact. A study of 59 wells in the reservoir area showed moderate
yields (10 to 20 G.P.M.) from the Gasconade at depths averaging some
200 feet. No large or moderate-sized springs were observed in this
reach of the Bourbeuse River.

g. Mineral deposits. There is at least one known deposit of
refractory clay within the impoundment limits. A discussion of prob-
lems concerning clay resources affected by reservoir construction Is
contained in APPENDIX J. The majority of currently active clay pits
occurs on high ground above flood control pool elevations.

h. Conclusions.

(1) Depths to firm rock are not excessive under the lower
s lopes of the abutments , but soft , fractured , and weathered rock occurs
on the crests to thicknesses of 60 to 90 feet.
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(2) Other than the top weathered rock , no zones of soft
or plastic material were found in the underlying rocks.

(3) A grouting program would be required to reduce and
control the rate of seepage through the foundation rocks.

(4) Refractory clay is the principal mineral resource of
the reservoir area.

(5) The- structures proposed at this site appear to be
geologically feas ible , with no indications of prohibitive, cos t ly
remedial measures.

(6) An impervious cutoff to bedrock will be required .

19. VIRGINIL MINES RESERVOIR (40)

a. Q~~~~~ j. Bedrock underlying the majority of the damsite
and reservoir consists of cherty dolomites of the Gasconade forma t ion .
A high rock bluff forms the right abutment , while more gentle s lopes
interrup ted by a few rock ledges rise from the l imited flood plain on
the left side of the river . Boring data show moderate depths to rock ,
with the dolomite being somewhat weathered and open . See PLATE D-9 .
Overhanging ledges and small solution openings are common but no
sizeable caverns were observed in the damsite area. Sandstones and
dolomites of the Roubidoux cap the uplands, and in the upper reser-
voir Indian Creek Arms the ~ninence dolomite is the surface bedrock.

b. Faults. As shown on PLATE D-l , a fault has been traced by
indirect methods across the middle of the proposed pool. In addition
to this fault, there is evidence in the form of discrepancy in roc k
contacts of a faul t  cutting rocks near the dam axis.

c. Minera l depo.its. Remains of f illed sha f ts , smelters , and
tailing piles are concentrated on the left upland some distance from
the left axis termination and downstream thereof. Lead and barite
deposits axe known to underlie the reservoir area . However, no cur-
rently active mining operations will be affected by the construction
-of the reservoir. An active sand and gravel pit is operating down-
stream of the axis at the Highway 30 crossing.

d. Groundwater. An average yield of 10 to 25 G.P.M. of wa ter
is obtained from wells penetrating the Roubidoux and Gasconade at
depths of 100 to 300 feet. The 54 well logs studied showed that
larger yields (20 to 30 G.P.M.) were obtained by dr il l ing through the
Eminence and Potosi at depths exceeding 300 feet.
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e. Conclusions.

(1) Depths to firm rock are not excessive and there are no
known soft or plastic zones beneath weathered rock.

(2) The dolomite foundation is shown to contain open zones
which will require a seepage control grouting program.

(3) No active mining operations are underway in the area.
From all data available , the existence of the old mines near the axis
will not affect the construction or operation of the proposed dam.

(4) Future investigations should be undertaken to study
faulting conditions at the damsite.

(5) No extensive caverns or large springs are known to occur
in the project area.
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SECTION V - GEOLOGY OP TRIBUTARY RESERVOIRS

20. H1JZZAI{ CREEK RESERVOIR (1-14)

a. Site. The damsite is located on Huzzah Creek, 1 mile south-
east of Davisville. Both abutments are steep rock bluffs. There is a
limited gr avel—choked flood p lain on the left  side of the stream. The
reservoir area is steep and roughly dissected. The stream has a
steady, perennial, spring-fed flow.

b. Geology. The abutments and reservoir are underlain by Potosi
dolomite. The depth to firm rock beneath the flood p lain is estimated
to be in the order of 10 feet. There are no sizeable caverns in the
reservoir area. There are many small springs immediately upstream from
the damsite. An abundance of quartz druse indicates deep weathering on
the reservoir rim. The vicinity of the reservoir is undergoing intense
mineral exploration. Woodlock, a sizeable spr ing, is located downstream
of the damsite. No fault ing or active mines are known to exist in the
in~ oundment area.

c. Conclusions. The reservoir rim near the right abutment should
be drilled to investigate possible leakage conditions . Confidential
mine leases may make the land acquisition expensive. See APPEND IX J.
Investigations revealed no additional data that would indicate the site
as geologically unfeasible .

21. COURTOIS CREEK RESERVOIR (I-iSA )

a. Site. The damsite is located on Courtois Creek just below
the junction with Hazel Creek, some 4 miles southeast of Berryman. The
r ight valley wall is a high, nearly vertical rock bluff. The left bank
carr ies an over grown gr avell y flood plain and a low, somewhat terraced
rock bluff. The creek carries a considerable flow with a good current .

b. Geology. The site is underlain by slight ly solutionized
cherty dolomites of the Eminence formation. A complex faulted section
of the Palmer Fault zone lies in the reservoir area and downstream
from the axis. Deposits of barite are known to underlie the reservoir
area, but there is no current active mining. A few springs are known
to exist above the axis. Limited well data indicate a high ground-
water gradient in the valley slopes. No caves were discovered.

c. Conclusions. The left abutment may be affected by pinnacle
weather ing, making rock excavation somewhat difficult. A normal
groüting program should be sufficient to control seepage . No leakage
is anticipated due to faulting and the faults are considered to be
inactive. There is no apparent adverse geological feature other than
the suspected pinnacle weathering.
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22. PEAVINE CREEK RESERVOIR (1-21)

a. Site. The damsite is located in the northwest corner of the
basin on Peavine Creek, which is a tributary of Dry Fork of the
Bourbeuse River. The damsite is relatively wide , with gentle sloping
abutments and a well-developed , cultivated flood plain. The stream
channels are choked with sand and gravel , rock exposures are limited ,
and streams carry intermittent surface flow.

b. Geology. The bedrock consists of argillaceous dolomite ,
chert , and a few sands tone beds , all assigned to the Jefferson City
formation. A large active sink is present several hundred feet down-
stream of the damsite on the right bank. There is no evidence of
faulting in the reservoir area. Two water wells indicate groundwater
levels are below the stream level. In this portion of the valley ,
there are no known mineral resources other than sand and gravel.

c. Conclusions. Additional studies will  be required to deter-
mine whether surface flow is diverted to underf low in gravel or lost
to bedrock zones and solution passages. The leakage problem is the
major adverse geological feature of this site.

23. LITTLE DRY FORK CREEK RESERVOIR (1-23)

a. Site. The dainsite is located approximately 5 miles east of
Rolla on Little Dry Pork of the Meramec River. Both abutments are
rather steep, with bluff rock exposures in the vicinity of the
damsite. The effluent from the Rolla sewage disposal plant augments
the stream flow.

b. Geology. The rock exposed consists of alternating sand-
stones, cherty dolomites , and massive sandstone of the Roubidoux
formation. Well-developed prominent jointing, when weathered , results
in slumped blocks and sinkhole development . Where unweathered , the
joints appear to be tight. Several small springs at stream level
occur in the impoundment area. There are indications of several small
faults in the reservoir area, but no sizeable caverns. Wells studied
show relatively high static water levels in the area.

c. Conclusions. Detailed axis studies would be required to
avoid collapse structures in the sandstone at the abutments. Minor
faults and joints appear to be tight and high static water levels tend
to confirm this. The depth to rock does not appear to be excessive .
The site is considered to be geolo gically feasible.
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24. WEST FORK HUZZAB CREEK RESERVOIR (1-26)

a. Site. The damsite is located on the west fork of Huzzah
Creek , 3 miles south of Dillard . The valley walls are high, moderately
s loping hills with few rock exposures. There is a considerable flow
of clear water in a channel on a narrow flood p lain containing much
heavy gravel. Many of the hills in the reservoir area have been
cleared of timber on the lower slopes.

b. Geology. Scarce rock outcrops indicate that the valley
wails are underlain by cherty dolomites of the Eminence formation.
The abundance of quartz druse in the gravel of the stream leads to the
assumption that the stream is cut in the underlying Potosi cherty
dolomite. No caverns or evidences of faulting were discovered in the
impoundment area. One of the larger springs of the basin, Howes Mil l ,
issues from the Eminence several miles upstream of the proposed
reservoir. The single well known in the area shows the static water
level to be high in the valley wall. There are no known mineral
resources in the reservoir lands , but active exploration is continuing
in an area just southeast of the site.

c. Conclusions. Other than the possibility of thick residuum
on the valley walls , there are no known geological impediments at this
site.

25. SPRING CREEK RESERVOIR (1-28)

a. Site. This site is on Spring Creek, a tributary to Dry Fork
of the Meramec River, some 5 miles northwest of Salem. The damsite is
on a constricted section of the creek, having practically no flood
plain , with a steep right abutment and a more gently sloping left
abutment. The perennial flow of the stream is augmented by the effluent
of the Salem sewage disposal p lant and by small springs above the
damsite.

b. Geology. The site is underlain at some depth by cherty
dolomites of the Gasconade formation. Slumped and irregularly bedded
Roubidoux sandstones cap the uplands. There are no known faults or
caves in the impoundment area. The proposed reservoir is in a section
where near surface iron deposits were formerly mined; however, no known
mineral resources would be affected . Well data available indicate
thick, cherty, clay res iduum over l ying bedrock in most of the area.
This residuum appears to be rather tight, as the cher t and sandstone
fragments are incorporated in a high proportion of comp acted silty to
sandy , clay matrix and as the stream flow does not show any abnormal
fluctuations.

D-33



r ~~~~~~~~~~~~~~~

-

~~~

-

~~~~~~~~~———— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c. Conclusions. Future exp lorations would be required to de tail
the dep th of res iduum along the axis and to conf irm its relative
tightness. Other geological characteristics indicate that this is a
favorable site.

26. TERRE BLEUE CREEK RESERVOIR (1-30)

a. Site. Terre Bleue Creek is a tributary of the Big River.
The damsite is about 8 miles east of Bonne Terre. Low rock bluffs bor-
der the narrow flood plain at the site. Topography of modera tely low
relief is considerably broken and becomes much flatter downstream of
the proposed reservoir . The stream carries a fair flow.

b. Geology. The rock exposed at this site is quartz sandstone
of the Lamotte formation. Here it is well bedded , only slightly
fr iable, and is the only rock exposed . Clay layers a few inches thick
are known in the reservoir area. Limited well data indicate the
static water level to be at or near stream level. There are no known
mineral resources underlying the proposed reservoir. Locally, the
Lamotte has been quarried for use as a building stone and flagstone.

c. Conclusions. The presence of clay seams, the sandstone fri-
ability , and possible low water levels should be investigated in future
explorations. No additional adverse geological features are known at
this time.

27. REDOAK CREEK RESERVOIR (1-32)

a. Site. The valley of Redoak Creek, about 5 miles south of
Gerald , is comparatively wide, with a steep left bank carrying stepped
rock outcrops and a gentle right bank partially cultivated. The
stream flow is very moderate over a gravel-choked bed .

b. Geology. The rocks exposed are dolomites of the Jefferson
City formation. At the damsite, outcrops are overgrown and poorl y
visible. Upstream of the damsite on the right or west bank, the
dolomite is slumped and co ttains many solution channels. Refractory
clay deposits are known to occur in the reservoir area but none are
being actively mined . There are no known faults or caves, but a few
small springs were observed near stream level.

c. Conclusions. The solutional aspect of the bedrock, in con-
junction with a low stream flow, indicates the need for detailed study
of the foundation and reservoir bedrock.
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28. LITTLE BOURBEUSE RIVER RESERVOIR (I-33A)

a. Site. About 9 miles northwest of Bourbon on the Little
Bourbeuse River , this damsite is located at a sharp bend in the
stream , bordered on the right by a gent le-sloping pastureland and on
the left by a steep bluff with rock outcrops at the water ’s edge. Flow
is moderate over a graveled or bedrock streambed.

b. Geology. Sandstones of the Roubidoux cap the up land s, while
doloinites of either lower Roubidoux or the Gasconade form the left
rock bluff and stream outcrops. No caverns are known, but this section
of the Roubidoux is noted for its susceptibility to solutional
activity. A small fault is known to cut the rocks at the extreme up-
stream end of the reservoir. Refractory clay depos its , usually above
the proposed flood control pool , are the only known mineral resources
that would be affected .

c. Conc lusions. Detailed topographic and survey studies may
result in a somewhat narrower valley section with a slight shift in
axis location. At the time of these studies, the possibility of sub-
surface leakage would be investigated. Aside from these considera-
tions, there is no reason to indicate that this is not a favorable
site.

29. BRUSH CREEK RESERVOIR (I-35A)

a. Site. Location is on Brush Creek about 1 mile upstream
from its confluence with the Bourbeuse near the Gasconade-Crawford
county line. The valley is relatively wide and contains an extensive
flood plain. The right bank is gently sloping and is in cultivation,
while the left bank is gentle, heavily forested , and contains scat-
tered rock outcrops.

b. Geology. Argillaceous dolomites with some sandstone of the
Jefferson City formation form the bedrock surface of the damsite and
reservoir area. The stream has cut a wide valley in the moderately
erod ible dolomites , aided at least in part by subsurface solution-work . - 

-

Pennsylvanian shales , clay , and sandstone cap the uplands around the
impoundment area. Filled sinks and collapsed structures result from
the shales, clay , and sandstone in that area. No faults, caves , or
sizeable springs are known in the reservoir area. There are no known - -:
mineral deposits that will be affected . Groundwater gradients under
the valley walls appear to be reasonably high.

c. Conclusions. Some beds of the Jefferson City break down
rather rapidly on weathering and should be studied during the design
of rock cuts and exposed slopes. Future studies should explore beneath
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the proposed spillway to avoid filled sinks as a structure foundation.
Evidence of water wells and observations of road cuts through these
filled sinks indicate that they are reasonably watertight.

30. BOURBEUSE RIVER RESERVOIR (1-38)

a. Site. Just upstream of the Highway B crossing of the
Bourbeuse River near the confluence with Lanes Fork, the damsite is
located on a somewhat constricted section of the valley just below a
wide flood plain area. The flow of the Bourbeuse is rather low and
in Lanes Fork the flow is intermittent.

b. Geology. Rock outcrops are scattered over the gentle slopes
of the region, with Roubidoux sandstone exposed at the damsite and
the reservoir area underlain-by dolomites of the Jefferson City
formation. Pennsylvanian shales, sandstone, and clay cap the up lands ]
and fill sink structures. No caverns, active sinks, or sizeable
springs were observed, and there are no known mineral resources in
the impoundment area. Well data show groundwater levels to be at or
above stream level and indicate that the valleys are reasonably tight.

c. Conclusions. Possible adverse geologic features may be
thick residuum and weathered rock at the dam abutments and considerable
underflow in the stream alluvium. Other than these possibilities, the
site appears favorable.

31. BENTON CREEK RESERVOIR (1-41)

a. Site . Located on Benton Creek about 4 miles west of Vesco ,
the valley is rough , with steep, forested slopes containing numerous
rock outcrops. A perennial spring—fed flow courses over a moderately
grave led streambed .

b. Geology. Bedrock underlying the damsite is the cherty
dolomite of the Gasconade formation. The rock is well jointed , occ urs
in medium beds , and the upper slopes are somewhat weathered and
covered by residual cherty soils. The underlying Eminence dolomite
forms the bedrock surface under much of the reservoir ’s lower slopes.
Several springs are located upstream of the damsite, the largest being
at or just above flood control pool elevation. No caverns were
observed at the site but the surrounding area contains quite a few,
and, in both rock formations , cave development is a common feature.
Surface iron and clay deposits have been formerly mined in the region,
but no active mining or extensive deposits are known at the proposed
project.  A sand and gravel comp any has recently begun operations
several mi les below the damsite.
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c. Conc lusions. There is no known geologica l defect at this
site. Future studies may ahoy abnormal depth to firm rock on abut-
ments, groundwater-enlarged joints, and other possible leakage
conditions .

32 • SUMMARY OF TRIBUTARY RESERVOIRS

In the foregoing outline presentation of the “I” sites, it is
inferred that all sites will require a normal grout curtain program
and seepage control measures across the graveled streambeds. Mineral
resources are fully discussed in APPENDIX J, Availability of con-
struction materials in relation to all sites is discussed in later
paragraphs of this appendix. Except where noted, foundat ion rocks
are considered to be sufficiently strong to adequa te ly supp,rt the
structures proposed. Depth of rock weathering and thickness of over-
burden are considered to be erratic but not excessive unless so
stated. Rocks underlying the reservoirs are essentially horizontally
bedded.

I
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SECTION VI - GEOLOGIC SUMMARY OF HEADWATER RESERVOIRS

33. DISCUSSION

As explained in SECTION VII , MAIN REPORT , 24 headwater impound-
ment sites of the 253 studied in 1945 and 1949 by the Missouri Division
of Resources and Development were retained for further study and
economic analysis. Twelve of these sites fell within the class of
reservoirs normally constructed by the Soil Conservation Service.
Consequently , design and preparation of cost estimates for these “H”
sites were assigned to this agency . The results of site investiga-
tions and geologic investigations and the presentation of the geology
of the headwater “H” sites are contained in APPENDIX G.

34. GEOLOGIC SUMMARY

The principal geologic problems reported in the above studies
involve water-holding capabilities of the rock foundations and the
likelihood of having long hauls for earth fill material on several of
the sites. Solutions considered in the design where water-holding
capabilities were considered adverse include blanketing of exposed
outcrops , non-disturbance of reservoir bottom overburden, and grouting
of foundation and abutments . No caves, springs , or faults were
reported as occurring near the danisites. The bedding of the seditnen-
tary rocks is reported as being generally tight and essentially
horizontal. It is also reported that there is no significant varia-
tion in the ability of the rock formations to support an earthen dam.

35. RECOMMENDATIONS

It is recommended that the subsurface conditions existing at tJ~e
“H” sites be explored in future studies . Based on information included
in APPENDIX G and independent field studies of the Corps of Engineers,
it is also recommended that contingencies in the cost estimates be
revised upward to reflect remedial measures and design features unknown
at this time. Foundation aspects and considerations involved in an
increase of contingencies include:

a. Unknown quantities of excavation, other than streambed cut-
off , and high cost of certain excavation.

b. Depth of weathered rock on the dam abutments .

c. Possible need for grouting solutionized rocks at all dams .

d. Uncertainty of condition of foundations of outlet works.
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e. Need for and construction of foundation drains.

f. Unknown degree of revetment protection required or
— provided for.
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SECTION VII - SOILS INVESTIGATIONS

36. PURPOSE

Soils investigations of the main stream and tributary damsites
were undertaken to develop practical and cons tructable embankments at
the chosen sites and to obtain the information necessary to assess the
costs of such embankments . Entering into such investigations are an
evaluation of available borrow material , determination of the embank-
mqnt stability , and an assessment of the abutment soils ’ ability to
retain the reservoir.

37. PROCEDURE

The soils investigations were initiated with a geologic analysis
of the parent rock. This was supplemented by an air photo examination
and agricultural soil correlation study of the sites. After the pre-
liminary studies , a field reconnaissance was carried out. The recon-
naissance allowed optimum location of available drilling effort and
reaffirmed the conceptions of the preliminary studies. Final conclu-
sions and sections were developed af ter  study of the borings .

38. BASIC INFORMAT ION

The basic and detailed geology used in preliminary soil studies ,
together with appropriate sources , has been discussed. Particular
attention is directed to the paragraph on the relation of native rock
to overburden. The agricultural soil classifications were obtained
from the Soil Map of Missouri prepared by the University of Missouri
Agricultural Experiment Station. An excerpt from this map is pre-
sented on PLATE D-3. The correlation of soil class to engineering
properties was obtained from the Geology and Soils Manual, Missouri
State Highway Conmiis~ ion. A tabulation of index properties is pre-
sented on TABLE D-3. The results of the limited boring investigations
are presented on PLATES D-6 through D-l7, which delineate the location
and profile of the borings at each major site. The Merainec and Union
sites were drilled out in considerable detail during prior investiga-
tions (1949). These borings are presented using the classification
system in use at that time. The other sites are shown using the
Unified Soil Classification System.

39. MAIN STREAM DAMS ITES

a. General. The general valley formations throughout the basin
consist of a relatively impervious layer overlying pervious sands and
gravels. The layer thicknesses vary in relation to each other and in
total thickness. Maximum valley fill was found at the Pine Ford site
(±25 feet). The minimum fill was 2 to 4 feet at the Irondale site.
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Few terrace deposits are present in these narrow, unglaciated valleys.
Upland soils are variable in thickness. Dependable borrow in the
quantities required is not available from the uplands adjacent to most
dams . Borrow sources are, ther efore , prac tically limited to the
alluvial valley soils. Consideration was limited in this study to the
use of these valley soils for embankment construction. The boring
inves tigation and f ield reconnaissance were developed to r eveal the
proportions of pervious and impervious materials present both upstream
and downstream of a proposed site. As a general rule , the section for
the dam was developed to reflect the percentages of materials present
in these alluvial borrow sources. Stripping of the impervious sur-
face materials (up to 10 to 12 feet thick) for use as impervious core
was contemplated . Dragline excavation of the lower pervious soils for
the outer shells was to follow the stripping. Intermediate zones
were to be incorporated in random areas in tne embankment. Borrow
areas were delineated and haul distances developed on this basis. The
variations of constituents and amounts of valley fill resulted in
basic section choices, ranging from narrow inclined impervious core to
almost homogeneous. The variation in constituents also resulted in
incorporation of random zones to allow greater freedom in construction
procedures and borrow pit operations. Sections were zoned to allow
modern construction techniques. Transition zones were not developed
for this s tudy. The sections , as chosen, are presented on plates
entitled “DESIGN DETAILS” in APPENDIX E.

b. Embankment design. Assessment of stability and choice of
s lopes were accomp lished through experience and limited computations .
Available literature on dams of similar height and composition was
reviewed. The earth and rockf ill dam data sheets compiled by
Waterways Experiment Station were also consulted. Two sites, Union
and Meramec , were previous ly studied in some detail. These studies
were made prior to 1949. Shear strengths were evaluated for the
embankment and foundation. Testing was described as slow shear;
therefore , presumably , the present “5” test was approximated. However ,
the test results list significant cohesion . It is therefor e conc luded
that the tests more closely represent the “R” or consolidated-
undrained condition. Analyses of the embankments at these sites
resul ted in fac tors of safety for the “drawdown” condition in the 1.0
to 1.3 range using the above test results. Those dams studied (Union
and Meramec) represent the higher embankments and the deeper cutoff
conditions found among the proposed sites. Sections for the remainder
of the major sites were developed using the Union-Meramec section and
the accumulated experience data as guides. Lack of positive shear
strength data for the new sites required incorporation of additional
safety in the section. The thickness of pervious shells was increased
where equivalent slopes were maintained. Where sufficient pervious
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material was lacking, the slopes were flattened. In addition , the
heights of the new dams ranged about 20 percen t less than those
analyzed. All embankments are therefore considered stable .

c. Cutoff trench design. As indicated above, the valley so ils
are pervious to various degrees. All sites have rock 30 feet or less
below ground surface. Positive cutoff was chosen at all sites to
achieve control of seepage quantity and pressures. Such cutoff was
sized to provide a rock-backfill contact of 25 to 30 percent of total
dam height.

d. Abutments. Abutment soils are residual at all sites. Depth
of expected upland weathering varies from 0 at Irondale to 25 feet at
Pine Ford. Weathering of the dominant rocks (limestone, dolomite , and
shale) has produced clay matr ix soils , basically impervious. Most of
these sites have a relatively short distance from end of dam to rock
above pool elevation on the divides. With the relatively impervious
nature of the natural soils , no attempt has been made to extend the
cutoff beyond the abutment proper.

40. TRIBUTARY DAMS ITES

a. General. Studies similar to those performed for the main
stream sites were also accomplished for the tributary dams, the major
exception being the omission of boring investigations. In general,
the “I” sites occur nearer the headwaters of the basin. These areas
have less impervious material available. The stream valleys are
choked with sands and gravels. The exception to this rule occurs
in the northwestern part of the basin near the headwaters of the
Bourbeuse River. This area is underlain with soft Pennsylvanian sedi-
ments , and the topography is much less rugged. The valleys are wider —

and contain much more clay.

b. Embankment design. Two sections were established for use in
these basically different areas. A pervious section with a thin, in-
clined , impervious core was chosen for the major portion of the basin.
An essentially homogeneous impervious section was chosen for the
Bourbeuse River headwater area. A large random zone was incorporated
into the sections to allow for local variations in the materials avail-
able at each site. Slopes were chosen based on the experience, surveys,
and limited analyses performed for the main dams. Cutoffs were provided
to control seepage.

41. DAMS ITES FOR PUMPED STORAGE IMPOUNDMENTS

The pumped storage power dams at the Meratnec , Salem , and Pine
Ford sites were studied, using data developed for the adjacent
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main dams. These data, pl us exper ience , site examinations, and
geologic and soil surveys, were combined to yield borrow sources , cut-
off requirements, slopes , and embankment sections.

42. HEADWATER DAMSITES

The investigation and design of the dams for headwater sites were
developed by the Soil Conservation Service, Department of Agriculture,
and are reported in APPENDIX G.
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SECTION VIII - AVAILABILITY OF CONSTRUCTION MATERIALS

43. GENE RAL

High-quality crushed stone sources are noticeably absen t in the
Meramec Basin, although much of the bas in is underla in by mass ive
lowe r Ordov ician and upper Cambr ian dolomites wh ich are believed to be
of acceptable quality . See PLATE D-l. This lack of commercial stone
sources can be attributed to the reliance of the local construction
industry upon the readily available and inexpensive river gravels.

44. COMMERCIAL SOURCES OF MATERIALS

a. Stone. The small producers of crushed stone present near
the northern and western basin boundaries work strata belonging to the
lower Ordovician Beekmantown group or the Roubidoux formation , geologic
units which are very heterogeneous and which are believed unsuitable
as sources of materials. Large-volume producers of high-quality
cr ushed stone prod ucts are presen t only beyond the nor theas tern basin
boundary , in or near the greater St. Louis area, and near or beyond the
eastern edge of the basin. Newly opened mines in the central Meramec
Basin were also considered as potential stone sources. Initial investi-
gations reveal, however , that the quantity of waste rock will steadily
diminish as the ore bodies are developed and that the mining companies
anticipate using their waste materials for their own construction.

b. Sand and gravel. Most of the Meramec Basin streams contain
workable deposits of sand and gravel. The equipment used by the
operating sources varies from the simple excavational and truck loading
facilities of the rural bank-run sand and gravel producers to the exten-
sive dred ging, washing, screen ing, and crushing facilities of producers
near large metropolitan areas. Sand prod ucers which dredge the
Missouri River are within economical distance of some of the northern
bas in dams i~es. Mississippi River sand does not appear to be econom-
ically competitive , even for the easternmost damsites.

45. UNDEVELOPED SOURCES OF MATERIALS

a. Stone. Because of the lack of acceptable crushed stone
sources within economical distance of the northwestern and western
sites , it is anticipated that previously undeveloped sources of mate-
rials will be opened. For the major damsites, the quality of the bed-
rock and the quantity of roct excavation will permit on-site proces-
sing of excavated materials. It is also anticipated that a centrally
located on-site quarry may be opene d to supply the western basin inter-
mediate sites for which the processing of excavated materials is eco-
nomically impractical. An off-site potential quarry location,
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centrally situated with respect to the nor thwes tern dams ites , has been
located by map reconnaissance. Additional investigations will be
required in order to de term ine the quali ty and quantity of stone at
this site.

b. Sand and gravel. As has been previously stated, s and and
grave l depos its are present in all the streams for which dams are
planned. During a more detailed phase of investigation, a reconnaissance
in the vicinity of each project site will be required in order to locate
and evaluate these sand and gravel deposits.

46. DISCUSSION

a. Materials from sources working the lower Ordovician
Beekmantown group or the Roubidoux forma tion are not bel ieved to be of
acceptable quality.

b. Large sources which produce crushed stone of acceptable
quality are within economical distance of only the northeastern and
eastern damsites.

c. At the major damsites , extensive use of excavated materials
is anticipated.

d. In order to supply the western and northwestern intermediate
project sites , it will  be most economical to open previously wide-
veloped on-site or off—site quarries.

e. Local gravels will not be acceptable as coarse aggrega te in
exposed concrete due to a lack of sizes large enough for mass concrete
and due to poor performance in previous freeze-thaw tests .

f. During a more detailed phase of investigation , undeveloped
sand and gravel deposits near proposed damaites will be located and
tested to evaluate their potential as sources of construction
materials.
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Measured springs in Meramec Basin

Average flow
(sec. ft.) Geological formation -

1. Meramec 150.0 Gasconade
2. Westover 10.0 Gasconade
3. Kratz 8.0 Gasconade
4. Howes Mill 7.5 Eminence
5. Blue (Crawford Co.) 5.0 Gasconade
6. Roaring (Crawford Co.) 4.1 Gasconade
7. Evans 2.5 Gasconade
8. Racing 2.3 Gasconade
9. James 2.2 Eminence
10. Cold 2.0 Gasconade
11. Hopáwell 2.0 Eminence
12. Woodlock 2.0 Eminence
13. Roaring (Franklin Co.) 1.7 Gaaconade
14. Collins 1.6 Gasconade
15. Onondaga 1.5 Eminence
16. Steelville 1.5 Gaaconade
17. Elm (Franklin Co.) 1.2 Eminence
18. McIntosh 1.2 Gaseonade
19. Richart 1.2 Gasconade
20. Beaver (less than 1 S.F.) Gasconade
21. Blue Grass - (less than 1 S.F.) Plattin
22. Brook (less than I S.F.) Guconade
23. - Brown (less than 1 S.F.) Gasconade
24. Elm (Crawford Co.) (less than 1 S.F.) Gasconade
25. Falling (less than 1 S.F.) Eminence
26. Indian (less than 1 S.F.) Guconade
27. Lake (less than 1 S.F.) Gasconade
28. McDade (less than 1 S.F.) Roubidoux
29. Mint (less than 1 S.F.) Eminence
30. Rock (less than 1 S.F.) Jefferson City
31. Rott Road (less than 1 S.F.) Salem
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TABLE D-2
Caverns in Meramec Basin

Name County location Geologic formation

Bat Crawford Eminence
Bear Crawford Eminence
Cathedral Crawford Eminence
Fault Crawford Eminence
Onondaga* Crawford Eminence
Puckett Crawford Gaaconade
Bat Franklin Eminence
Bear Franklin Eminence
Campbell Hollow Franklin Eminence
Eddy Franklin Eminence
Fisher* Franklin Eminence
Greene Franklin Eminence
Indian Franklin Eminence
Meramec* Franklin Eminence
Mud Franklin Eminence
Mushroom Franklin Eminence
River Franklin Eminence
Sheep Franklin Eminence
W~1ker Franklin Eminence
Guthoerl Dent Eminence
Indian Hill Dent Gasconade
Money Dent Eminence
Salt Peter Dent Eminence
Short Bend Dent Eminence
Watson Dent Eminence
Marcellus Phelps Gasconade
St. James Tunnel Phelps Gasconade
Shelton Phelps Gasconade
Lenox Phelps Gas conade
Rankin St. Louis Plattin
Green Washington Eminence
Hamilton Washington Eminence

*Coia.ercialized
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TABLE D-3

Soils of the Meramec Basin

Typical Profile
Soil Series

CLARXSVILLE STONY LOAM

Area - Ozark Upland SALEM
Geological Formation - Gasconade & Eminence 

Ho i SASubsoil Texture - Stony silty clay loam r ng
Topography - Very hilly (more than Clarkaville gravelly loam)
Soil Forming Material - Cherty and dolomitic limestone

This is a stony silty clay loam with fairly large angular rock
fragments, that is so similar to the Clarksville gravelly that it is
difficult to differentiate between them. Horizon “A” is lost during
removal of vegetation, and is of little value for discussion.
Horizon “B’s” texture becomes heavier with increasing depth. Horizon “C”
is stiff and often contains large amounts of iron; usually it will con-
tain fewer rock fragments than “A” and “B” but occasionally the high chert
Content is found throughout the soil section. Horizon “C” ranges from a
non-plastic to a very highly plastic soil. The material has a high volume
change. The mixture of clay and stone fragments with the correct mois~ture
added makes good fill material. In situ permeability is moderately high
due to the high chert content.

CLARKSVILLE GRAVELLY LOAM

Area - Ozark Upland ~~~~~~~~ ~‘°~~
Geological Formation - Bonne Terre (Rhyolite) Potosi Boring PF-lO
Subsoil Texture - Gravelly Silty Clay Loam
Topography - Hilly ; greater than l4~ slope
Soil Forming Material - Cherty & Dolomitic Limestone Residual

Closely related to Clarksville Stony (above)with difference being
mainly in lower chert content and a less rugged topography . Often con-
tains pockets of rock free, highly plastic red clay CH. In situ
permeability is moderately high. 

- 
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TABLE D-3
~iis of the Meramec Basin

Typical Profile

HORIZON A B C

SALEM Liquid Limit 19-35 18—45 22-75

Bon n SA-4 Plastic Index 0-18 0-27 1-45g Group Index 0-11 0-16 0-20
loam) Silt & Clay % 21-84 14-93 14-92

Optimum Mois ture 6-17% 7-20% 9-32%
Maximum Density 102-131 102-130 78-127
Stone Content 20-50% 20-507. Less than “A”

chent

iolume
Itture
high

HORIZON A B C

PINE FORD Liquid Limit 14-37 12-61 25-85
Boring PF-lO Plastic Index 0-13 0-39 9-54

Group Index 0-9 0-16 0-20
Silt & Clay 7. 27-90 19-90 0-93

idual Optimum Moisture 9-18% 8-21% 8-32%
Maximum Density 99-124 103-131 78-127
Chert Content Up to 50% More than 50% Up to 90%

ing
on- 
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TABLE D-3 (Cont ’d)

HUNTINGTON LOAM

Area - Ozark Stream Valley s & Flood Plains SALEM
Topography - Nearly Level Boring SA-7
Soil Forming Material - Outwash Alluvium from Ozark Upland
Subsoil Texture - Silt Loam

The Huntington silt loam occupies the Ozark Stream Valleys; it
varies in gravel type and content according to upland soils of the area.

The gravel content is higher where Clarksville soils are the
parent material.

The gravelly loam provides excellent embankment or select capping
material over poorer soils.

The silty type may be difficult to compact, but is seldom
encountered in construction. It will show instability if used in con-
struction work at moisture content near or above optimum.

In situ permeability is moderately free .

UNION SILT LOAM

Area - Eaatarn Ozark Upland Border PINE FORD
Geological For mation - Gasconade Boring PF-3
Subsoil Texture - Silty Clay
Topography - Hilly; greater than 147. slope
Soil Forming Material - Residual Dolomitic Limestone & Loess

The Union is a silt loam that is questionable in derivation, but is
generally accepted as consisting of loessial material in the upper por-
tion and residual from underlying rock formation in the lower portions.
“A” hor izon is usually a stone free , floury silt that has a varyin g
thickness; “B” and “C” horizons are silty clay loans with the latter
having concretionary mater ial so abundant that a hard-pan character is
imparted . Below the hard-pan residual chert in varying amounts is
scattered throughout the soil. In situ permeability is moderate.

In situ or when placed in fills, the Union silt loam is very
susceptible to destructive erosion.
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TABLE D-.3 (Cont’d)

HORIZON A B C

SALEM Liquid Limit 26-28 26-30 27

Boring SA-7 Plastic Index 6-7 9-12 9
Group Index 4-6 4-7 3
Silt & Clay 52-70 44-67 44
Optimum Moisture 14-15% 13—15% 13%
Maximum Density 110—115 112—118 119

I.

8

HORIZON A B C

PINE FORD Liquid Limit 30 39 47
Plas tic Index 7 20 28

Boring PF-3 Gr oup Index 9 12 14
Silt & Clay 86 90 79

Is Optimum Moisture 17% 19% 19%
Maximum Density 105 105 103

is
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