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Chapter |
METHOD OF ECONOMIC ANALYSIS

Varying viewpoints exist conceming the utility of benefit-cost analysis for
water resources invesiment docisiom.' Even among those who agree that such
onalysis is weful, there are many controversies over the details of the analysis --
the rate of interest, the length of planning period, the price level, and so on.
This chapter does not enter into controversial issues and discussions, but it con=
fains simply on enumeration and o discutsion, where necessary, of the assumptions
wed in the economic evaluation and analyses of altemative water resources systems
in the Meromec Basin. The pesition adopted in the investigations of the Meromec
Basin Research Project is that benefit-cost analysis is useful in assessing the
economic worth of water resources systems. To adopt this position is not to main=-
fain that econamic criteria are the only ones by which such investment decisions
should be made.

Economic analysis of water resources systems can be made on one or more
of three levels. The first is the local level, i.e., the inmediate area of a pro-
posed reservoir. The second is the regional level. A region may be on entire
river basin or some areal unit larger than the river basin. The third is the nationol
level which encompasses the entire national economy. Benefits asociated with
water resources systems on one level mcymtbomld«odbonofihménothor
level. For example, from the stondpoint of a regional economy the benefits which
ore generally termed "secondary” or "stemming from " may well be significant.
However, from the standpoint of the national economy, such benefits are likely
fo be negligible or insignificant, because they merely represent economic resources
diverted from one area of the national economy to another area. To put it another
way, if such resources had not been allocated to processing products stemming from
water resources systems In the particular region under investigation, they would
have been devoted to other productive enterprises elsewhers in the country, cssume
ing o full employment economy .
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Economic Assumptions ond Procedures Used in Benefit-Cost Analyses

For the economic evaluation of proposed altemative water resources systems
in the Meramec Bosin, the assumptions, criteria, and procedurss described in the
following pages were adopted. Uifferences of opinion may exist wit!v respect fo
the desirability and/or validity of some of the assumptions. Setting forth the
assumptions specifically makes possible their oppraisal .

1. All benefits were evaluated from o national level. Because portions of
the Meramec Basin have been designated as "depressed areas”, one might argue
that the viewpoint to be adopted in the economic analysis should be that of the
regional level. However, adopting the regional level us the basis for economic
evaluation implicitly assumes that redistribution of income to the particular region
is on objective. A decision to make areal redistribution of income an objective
of water resources development should be made only ofter an evaluation of
national purposes and goals. Such an evaluation was not attempted by this
pmioct.z

2. Because of sizable un crrtainties involved in the prodiction of future eco-
nomic ond technological conditions, and because of the low value placed upon
benefits which accrue in the distant future due to the discounting procedure used,
use of o period greater than 50 years was not considered advisable ~- even
though the physical life of some of the facilities may be longer than 50 years.

In fact, because of the uncertainties involved -~ especially economic =-- one
might argue that a planning period shorter than 50 years might well be desirable
in considering investment in woter resources development.

3. The choice of a beginning point for the 50-year planning period can
materially influence the calculated benefits. Ideally, it should coincide with the
comstruction of the structures needed fo derive the postulated benefits. Use of the
year 1961 is not wholly reclistic, since no construction will be underway, and
none of the benefits will accrue ot that time. However, the use of a later be-
ginning point extends the period of analysis further into an already dim ond
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distont future. Therefore, the year 1961 was generally used as the beginning of
the planning period. However, in computations in which the beginning point
was critical to the benefit estimation, benefits were calculoted using several
different time periods and the results of each set forth to show the range of bene-
fits possible under different assumptions.

4. The economic criterion by which alternative woter resources systems
were compared was net benefits, i.e., benefits minus costs. Benefit-cost ratics
were calculated also.

3. In applying the net benefits criterion, total system benefits were com-
pared with fotal system costs. Benefits related to each unit in the system were
not computed. Because it is the fotal water resources system which provides the
benefits, any allocation of benefits to individual units in the system is to some
extent arbitrary .

6. Because a dollars worth of benefits ot some time in the future is not
valued by society as highly as a dollars worth of benefits at the present time, the
time stream of benefits was discounted to obtain the present value of the benefiss.
Similarly, the ti}m stream of operation, maintenance, and replacement (OM&R)

costs was discounted to obtain the present value of these costs. The present value
of the OM&R costs was subtracted from the present value of the benefits. The
difference was then compared with the total first capital costs.

This procedure should not be construed as implying that the accuracy and
precision of the benefit estimates are such that benefits in each year in a future
30-year period can be identified and accurately estimated. However, using o
time streom of benefits ond o corresponding time stream of costs is o consistent
procedure in terms of economic analysis, and, in fact, does represent the actuol
monner in which benefits will be obtained and costs will be incurred over time.
The use of multiple time streams of benefits ond costs stemming from multiple se-

quences of hydrology mitigates, ot least somewhat, any odious implications of
precise values of benefits for any one yeoar.
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7. Interest rates of 2.5% and 4% were used to discount future benefits and
costs throughout the period of analysis. As with the level of employment, the
difficulty of predicting variations in the interest rate over a 50-year period seems
insurmountable. The former rate is the long-tem risk-free rote which hos been
used by the federal agencies for some time. The latter rate is one which has been
suggested by ot least one knowledgecble economist in the water resources fi'eld.3
This rote is perhaps closer to a true measure of both the social time preference of
society and of the alternative opportunity costs foregone, than are interest rarss
either higher or lower. As mentioned above, the "proper" interest rate to use in
discounting future benefits and costs is one of the major controversies in the water
resources field. One point which should be noted here is that the low rate of
interest, 2.5%, has the effect of redistributing income from the national economy
fo the particular regional area in which the water resources development is under-
tal:cn.4

8. A full employment economy was assumed fo exist throughout the time
period of analysis. Therefore market prices (or imputed market prices) con be pre-
sumed to reflect accurately the cost of the resources involved in the water re-
sources systems under investigation. The altemative is to attempt to predict the
basically unpredictable variations in employment level over time, i.e., the 50-
yeor plonning period.

9. The price level was assumed fo remain constant throughout the 50-year
period of analysis. As for employment levels and interest rates, predicting varia-
tions in price levels over time seems virtually impossible. All benefits and costs
were determined in December 1959 dollars.

10. Ideally, incremental analysis should be applied in the analysis of alter-
notive water resources syshlm.s Eoch increment of a proposed water resources
system should be analyzed separately to insure that the costs of adding the incre-
ment are less than or equal to the benefits to be gained from that increment.
However, time and data limitations permitted only rudimentary incremental analysis
to be applied to various water resources systems proposed for the ivieramec Basin.
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This onalysis indicated decreasing retums for providing "complete” protection.

The recommendations of the iVieromec Basin Research Project therefore cover only the
first phose of development. Additional measures contemplated in the future

should be re~evaluated in light of experience gained in the first phase.

11. Cost allocation, where applied, was done by the separable costs
remaining benefits method and was applied only fo the tofal system. No attempt
was made to allocate costs among units within the system. Such allocation in-
evitably must be arbitrary to some extent, becouse the benefits from o water
resources system are produced by the total system .6

Outputs and Benefits from Water Resources Systems

Water resources systems can produce various outputs, as is illustrated in
Figure 1. The specific outputs, such as flood damage reduction and power,
relevant fo water resources systems in the Mieramec Bosin, and the monetary bene-
fits associoted therewith, are noted and/or discussed in the following poges. In
the discussion the phrase, "altemative water resources systems”, refers to pro-
posed systems. No such system is presently in existence in the Mieramec Basin.

Flood damage reduction within the iieramec Basin

Benefits from reducing flood damage within the Meromec Basin were analyzed
using flood domage-discharge relationships developed for various river reaches in
the basin. Cetails are contained in Chapter 2 of this volume. In the analysis of
any one wafer resources system, flood domage reduction benefits in domage areas
common fo all reservoirs were attributed to the tofal system rother than to indi-
vidual reservoirs in the system.

Flood damage reduction in the middle and lower Mississippi River

One of the outputs which reservoirs in the ivieramec Basin could produce
is flood domage reduction on the middle and lower Mississippi River. Flood
domage reduction in these reaches of the Miississippi River has been analyzed
in the Missimipp! River Reservoir Benefit Study.” However, as indicated in on
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appendix, flood damage reduction benefits on the ivississippi River attributable
to imeramec Basin reservoirs have been overestimated. In addition, because
floods on the Mississippi River are generally of long duration, it would be neces-
sary to hold water in ivieramec Basin reservoirs for long periods of time. Such
long holdout periods might have negative effects on some outputs within the
ivieromec Basin, such as recreation. Since recreation is of major importance in
the eramec Basin, operation studies of proposed altemative water resources
systems in the basin did not include specific operation to reduce flood damage on
the middle and lower Mississippi River.

Even without operating iieramec Basin reservoirs specifically for flood
domage reduction on the iviississippi River, some incidental benefits from this
source would accrue to the reservoirs in the course of operating the reservoirs to
reduce flood damage within the ivieramec Basin itself. In evaluating oltemnative
water resources systems, it was assumed that any reduction in outflow from the
veramec River down to 22,000 cfs at the gaging station, ivieramec River near
Eureka, would be credited with flood domage reduction benefits on the Mississippi
River, if a Mississippi River flood occurred during the same time period. A unit
value of $1.00 per cfs reduced was assumed to be the benefit, based on analyses
in the previously mentioned ivississippi River Reservoir Benefit Study. This unit
value was assumed to be the same regardless of the magnitude of the Mississippi
River flood and the time of year.

Also as indicated in the appendix on Mississippi Kiver floods, Meramec
River floods do not always coincide with iviississippi River floods. Based on the
historical record, a Mississippi River flood coincides with a ivieramec River flood
one out of two times on the average. To determine which of the floods in the

Nieramec Basin coincice with a Mississippi River flood, a set of random numbers

was used. For each flood month in the /vieramec Basin, a random number was
drawn which indicated whether or not a Mississippi River flood occurred simul-
taneously . If flows at Eureka were reduced when floods coincided, benefits were
attributed to Mmeramec Basin reservoirs for reducing floods on the Mississippi River.
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Navigation
Another output which could be produced by reservoirs in the ivieramec Basin

is improvement of navigation conditions in the middle and lower Mississippi River.

* Releases from veromec Basin reservoirs during periods of low flow on the Mississippi

River could improve navigation conditions, particularly in the reach between the
mouth of the Meramec River and Cairo. However, as indicated in the navigation
appendix, low flow benefits on the middle and lower Mississippi River have been
overestimated.

In addition there are possible intrabasin disbenefits stemming from utiliza-
tion of reservoirs in the Mieromec Basin for navigation on the Mississippi River.
Regardless of whether releases for navigation on the wiississippi River are begun
in late summer, early fall, late fall, or early winter, if the total amount of
water released is several hundred thousand acre feet, the reservoirs in the Meramec
Basin are not likely to refill to the normal recreation pool level by June 1 when the
primary recreation season in the Meramec Basin begins. Even with smaller re-
leases for navigation, there will be times when the reservoir level does not
regain the recreation pool by the beginning of the recreation season. In the
hypothetical operating studies made by the Corps of Engineers,8 there were 4
years out of 18 in which the reservoirs did not regain the desired recreation level
by June 1. ;

In addition, if a change should occur in the manner of operating the main
stem reservoirs on the iviissouri River, i.e., more water were released than at
present during the winter season in order to produce powor,9 less water would be
needed from tributary reservoirs to firm up low flows on the M.ississippi River during
the winter season. In any case, operation of tributary reservoirs, such as those
proposed in the ivieramec Basin, to produce benefits on the Mississippi River
should be considered in relation to potential disbenefits -~ such as to recrea-
tion == within the tributary basins.

For these reasons, operation studies of proposed reservoirs in the Meroamec

Basin did not include operation in the interest of navigation on the Mississippi River.
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No credit was taken for whatever incidental benefits to navigation might be
cbiained by releases from Meramec Basin reservoirs.

With respect to navigation within the Meramec Basin itself, there appears
fo be no need either for canalization of the lower Nieromec River and/or for
making releases to augment low flows in the Meraomec River for navigation. As
indicated in the appendix on the St. Louis industrial land situation, there is
adequate lond in the St. Louis Metropolitan Area for all foreseeable industrial
needs. Nilond'o notes that there is no lack of river sites in the St. Louis mvietro-
politan Area and that the growth rate for the water-oriented industries in the ares
is relatively slow. Therefore, neither canalization of the lower Meramec River,
nor operation of proposed Meramec reservoirs to provide navigation on the Meromec
River were considered.

Water supply benefits
It is estimated that only in the lower NMieramec Basin will there be any future

need for additional water fo meet municipal and industrial requirements. Water
supply benefits which could be met by releases from reservoirs in the Meramec
Basin will accrue only from meeting the water requirements in that area. The
detoiled analysis of water supply benefits attributable to the reservoirs is con-
tained in Chapter 3.

Fisheries

improvement in fish habitat within the Meramec Basin would probably be
accomplished by releases from reservoirs. No benefits were credited to water
resources systems becouse of this cutput. It is difficult to determine dollar bene~
fits associated with the improvement in fish habitat. Since fishing in the Meramec
Basin is primarily a recreational activity, benefits from improvement in fish hobi-
fat were assumed to be included in recreation benefits.

Recreation
There is lltﬂc doubt that there is a demand for water-based recreation
focilities in the area within and odjacent to the Meramec Basin, particularly in
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the growing St. Lovis Metropolitan Area, as indicated by studies of reservoir recre-
ation by both the vieramec Basin Kesearch Project and the Outdoor Recreation
Resources Review Commission. n The difficulty lies not in determining thot there

is a demand for water-based recreation facilities in the St. Louis Netropoliton
Area, but in evaluating the benefits from providing such recreation opportunities.

ISR Sl NG AR, 0 TS SR N

In estimating benefits from providing recreation opportunities at reservoirs
in the iveromec Bosin, o somewhat arbitrary figure of $.60 per visitor-doy was
used. The figure does have some basis in reality, however, since it approximates
the consumer's surplus derived from providing a nearer reservoir (in terms of travel
and time savings). [ See Chapter 5.]

Population in the area to be served by a ivieromec reservoir is expected to
double by the year 2000. Because of simultaneous increases in income, leisure,
ond mobility, the predicted use in the year 2000 is four times os great as the pre-
dicted use for the year 1960. A development period of ten years ofter the construc~

tion of reservoirs was assumed before recreation use reached the predicted levels.

In order to obtain the number of visitor-days and the magnitude of benefits
estimated, it must be assumed that adequate recreation facilities will be provided,
however, the calculations of consumer surplus are based on limited public recreation
facilities). These would include a wide variety of facilities -~ boat docks, boot
lounching areas, campgrounds, picnic areas, swimming beaches, ond so on. Rec-
reation facilities would presumably be provided by both the public and the private
sectors of the economy .

The assumed development period reflects the fact that there is often a lag
in private expenditures for various facilities such as motels, concessions of various
types, ond restou.urls, affer recreation water surfoces become availoble through
public investment. It should not be assumed that the required private capital will
immediately flow into on area following the public investment. Generally,
altemative investment opportunities will exist for private copital. The development
period in the M.eromec Basin might well be longer than ten years, in terms of the
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time required for facilities to be developed which would meet the demand repre-
sented by the level of visitor-days posited.

The costs of recreation facilities ot various reservoirs were obtained from
cost estimates contained in the previous Corps of Engineers' study, and from other
sources. A considerable sum was set aside for purchase of land around the reser-
voirs, as well as for the capital costs of recreation facilities. The capital costs
were included as part of the initial investment. Annual OM&R costs were
assumed to increase in the some manner as the increase in recreational use.

It should be noted that the problem of estimating recreation benefits in
monefary terms has not been solved by the ivieramec Basin Research Froject. It
should also be noted that there is a question of spillover effects. 12 That is, it
appears impossible fo separate the recreation benefits stemming from public invest-
ment and those stemming from private investment at a single reservoir. It is the
total package of facilities which attracts the total mass of visitors and results in
the benefits.

Power

The potential for production of hydropower in the Meramec Basin is relatively
mall. The FPC' has estimated o total potential of 30,000 kw at three sites in
the basin. The heod and the amount of water available are insufficient to produce
significant amounts of firm power. Production of the maximum amount of firm
power possible would require relatively large reservoir drawdowns, thereby decreas-
ing the desirability of the reservoirs for recreation. If large quantities of peaking
power were to be produced ot reservoirs in the basin, large variations in flow rotes
downstream from the reservoirs would result. To preciude large fluctuations in
flow rates with peaking operations, reregulating structures would be necessory .
With the relatively small omount of peaking power available even on the basis
of a 10%-15% !cad factor, it does not seem likely thot the value of the pecking
power could cover the additional costs of reregulating structures. Becouse produc-
tion of either fim or peaking power in o conventional hydroplont did not appear
fo be economically justified -~ considering disbenefits to other purposes, primarily

o b v
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recreation -- no investigation was made of potential power production at upstream
reservoir sites in the iweromec Basin.

However, in the investigation of a major reservoir on the lower Meromec
River just downstreom from the confluence of the Big and ivieramec rivers, it wos
suggatedu that it would be economically feasible to produce a small amount of
power if it were assumed that a constant flow of 1,000 cfs were desired downstream
from the reservoir. Since the conduits which would be instalied through the dom
to make releases for other purposes, i.e., maintenance of a constant flow of 1,000
cfs downstream from the reservoir, would already be in existence, the additional
investment for the power facilities would be relatively small in relation to the
potential retum. Other than for this alternative, no power production was pro-
posed in any of the altemotive water resources systems investigoted.

Another possible method of power production which has received increasing
attention in recent years is that of pumped=-storage. 15 Generally for econamical
pumped-storage power development, either a high head or a large amount of water
is desirable. Neither of these conditions seems to be met in the ivieramec Basin.
However, no detailed investigation of pumped-storage possibilities was made. It
is passible that if pumped-storage power developments were analyzed on on in-
cremental basis, i.e., charging no reservoir costs against the power facilities,
that such power development might be economically feasible. In favorable circum-
stonces it might even contribute something to reservoir construction costs and thus
moke the whole project more feasible.

There oppears to be little question that any power which could be economi-
cally produced ot reservoirs in the ivieromec Bosin could be marketed. The Meromec
Basin is located close fo the major load center in the region == St.Louis Metropoli-
fon Area -~ and is crossed by or is adjocent to existing major transmission lines.
(See Figure 2)

Waoter quality improvement
Because of the relotive sparseness of population and industry in the Meromec

Basin, water quality is a significant problem in only one section of the b .sin. In
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** the lower Meromec River downstreom from Pacific, significant quantities of both

: untreated industrial waste and raw sewage are discharged into the river. As the
concentration of population has grown in the lower ieromec Basin, the extent of
discharge of unireated wastes into the river has increased, and the sanitary quality
of the water in the lower Meramec River has worsenec.

Only in the lower Meramec Basin are significant amounts of withdrowals
made from surfoce water for municipal and industrial use. '6 Therefore it wos
hypothesized that dollar benefits might accrue from a reduction in water treatment
costs in this area. This cost reduction could theoretically be accomplished by

: moking releoses from reservoirs to improve water quality in the river.

t Therefore an attempt was made first, to relate water quality variables to

: discharge,and second, to relate water quality variobles to chemical treatment
costs. The results were inconclusive. No more thon about 40% of the varionce
in the dependent varioble, i.e., chemical freatment costs, could be explained
by the variations in the so-called independent variables, i.e., the water quality
» indices. i Consequently, no monetary benefits were claimed for any altemative
E water lrsumcu system in the M.eramec Basin from improving water quality in the
bosin.
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Conclusion

This chapter has indicated the assumptions ond procedures used in the
economic evaluation of alternative water resources systems in the iieromec Basin,
ond the nature of the benefits associated with specific outputs from such systems.
Subrequent chapters will deal with specific outputs == flood domage reduction,
muicipal and indusiriol water supply, and recreation.
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Chapter 2

FLOOCD DAMAGE REDUCTION

Summa

Flood damage is the result of human use of flood plains for various activities --
residential, commercial, industrial, recreational. These damages can be reduced by
any of a number of methods, or some combination of them. Keducing flood damage
involves more than controlling flood waters.

Floods in the iVleramec are not a major problem, when compared to many
other parts of the United States. The flood plains in most of the Meramec Basin are
not highly developed at the present time. Only in the lower reaches, the area near
St. Louis, is the flood plain intensively utilized. The benefits which might accrue
from flood protection in the Meramec is partly dependent upon the demand for flood-~
plain land. Because of the requirement of industry for level land, the amount of this
loand available in the St. Louis area is thought by some to be critical. However, an
analysis of the demand for and supply of industrial land made by the Meramec Basin’
Research Project resulted in the conclusion that there is adequate available land for
industrial use in the St. Louis Metropolitan Area to meet all demands for such land in
the foreseeable future. However, if the Meramec flood plain were protected, part of
it would probably be used for industry. Additional acreage would probably be developed
for residential and commercial use.

Recommended measures to reduce flood damage in the iieramec include flood
plain zoning, building regulations, and improvement of the flood warning system,
in addition to reservoir protection. (A workable flood insurance program would also

be useful, ond land treatment measures would be of some value.)

iviethods of Achieving Flood Damage Reduction

Introduction

The need for flood damage reduction in the Meramec Basin exists because, as
elsewhere, man has established his activities in the natural stream channels which
sooner or later will be required to carry streamflows. Floods have occurred since time
immemorial. Human activities may change stream channels somewhat or modify

soil-vegetation relationships on watersheds, but man is not the cause of floods.

oA
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Flood domage, however, is a result of man's ocﬁviﬁes.‘ The flood plain of a river

is a nomal part of its channel (used only during times of high water, but certain to

be used eventually). Thus, whenever a river overflows its banks and inundates o

flood plain which man has occupied for residential, business, industrial, recreational,

or othe. uses, flood damage results. The problem of reducing flood domages can be |
accomplished by various measures or combinations of measures. The more important
of these measures are listed below. Not all of these are applicable to the Meromec
Basin.

Relocation
An obvious means for eliminating flood damage is to relocate facilities which |
are in a flood plain to areas outside of the flood plain. This is not likely to be economi-
cally feasible in many cases. But it does have potential utility in some areas, such as
where summer camps and resorts, for example, have been located in the flood plain

and are subject to frequent inundation.

Flood plain zoning

Flood plains or portions thereof which are subject to frequent inundation can be
zoned to prevent utilization which will result in large domages when floods occur? This
does not mean of course that all use will be eliminated from the flood plain. Rather,
zoning provides for the establishment of uses which will be compatible with the potential
flood hazard and will minimize flood damages. Some examples ore grazing land, parks,

and some fypes of playgrounds.

Buildiw!aﬁons

Building regulations can be established which require that construction of
buildings in the flood piain must meet certain standards which are adopted to minimize
domage from flood waters. Particular kinds of construction materials and building
designs may be banned, and/or certain protective devices such as flood gates, bulk-
heads, and the like may be required. Bui!dings maynot'be pemitted to have basements.
Along the Meramec, numerous club houses built on stilts (essentially houses without a

first floor) provide an excellent example of this kind of structural adjustment to some floods.
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A reloted measure is 1o elevate the lond above the level of flood waters by lond fill.
Care must be taken in land fill fo avoid excessive cohstriction of the stream channel .

Channel encroachment restrictions

Regulations can be enacted to preclude the building of structures which would
encroach on the channel of the river and thereby restrict unduly the capacity of the
channel to carry flood flows.

Flood warning systems

In recent years, techniques for forecasting flood flows have increased in
accuracy and ufility.3 Wherever flood forecasting has been developed, flood warning
systems can be established which will notify flood plain occupants when flooding is
imminent. This will enable them to remove property above the flood level, remove
goods outside of the flood plain, reschedule operations, move machinery and equipment,
and the like. All these things will reduce the domages which would otherwise accrue
from flooding.

Channel improvement
Straightening of a stream channel, elimination of debris, stabilizing banks,

ond similor measures are sometimes practical in order to increase the carrying capacity
of a -iver channel and so reduce the height of flood flows.

Floodways

If areas are available, as along the middle Mississippi and the lower Sacramento
rivers, floodways can be established fo carry flows which are in excess of the capacity
of the river channels. Such floodways often can be used port of the time for non=intensive
uses such as grazing. Only rarely does an area have topography suited to the construction

of such floodways .
Levees and floodwalls

Levees and floodwalls can be constructed in order to confine flood flows within
cerfain limits. However there is often a limit to the height to which such structures
can be built. Since the possibility always exists that a flood higher than any which has
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occurred in recorded history may some day take place, levees and floodwalls may be
overtopped. When overtopped, the result is likely to be very large flood damages,
as occurred in the Kansas City area in the flood of 1951, since the construction of
levees and floodwalls generally leads to more intensive development in the flood

plains behind them.

Reservoirs _
Reservoirs of various sizes con be constructed to withhold flood flows and so

decrease the frequency and extent of flooding. Small reservoirs and large reservoirs
have roles to play in reducing flood damages in a river bosin.4 The small headwater
reservoirs, especially in conjunction with land treatment measures, gully treatment,
and channel improvement, are effective in reducing tlood damages in the !ocal areas
and river reaches immediately below these reservoirs. However, they are of little
help in reducing flood damages in the lower portions of a basin many miles downstream,
especially for medium and high flood flows. At the same time, large reservoirs farther
downstream can contribute nothing to reducing flood damages in the headwater areas
above these reservoirs. Generally there is little overlap between the two types of
programs -- that is, each program is effective in ifs own area. Both can be integral

parts of an efficient progrom of flood damage reduction in a river basin.

Land treatment

Land treatment measures such as reforestation, contour plowing, establishment

of grass waterways, and similar measures can contribute to reduction of flood damages
in localized areos.s What these techniques do is to increase the infiltration capacity
of the watershed and so reduce the amount of surface runoff from any given storm.
However, it should be remembered thot even with the best "vegetative" cover there

is a limited infiltration capacity, which is often exceeded in high intensity rain storms.

Further, the soil montle is o "reservoir” which, like @ man-made reservoir, has a total

finite capacity for the retention of water. A typical clay=-loom soil three feet deep
might hold between four and five inches of water. Once the capacity of the soil mantle
is exceeded, there is no other place for the water to go but to run off as surface flow.
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The land treatment measures are most effective in storms of low intensity ond low

total precipitation -- say less than two to three inches.

Flood insurance

While flood insurance is not a means for directly reducing flood damages
as such, it is a means by which the losses from flood demage may be spread over time.
It is similar, for example, to crop insurance against hail and wind. The major problem
with insurance is devising a way of making the premiums proportional to the risk .
Detemining the flood risk involves hydrologic and topographic studies of the stream
ond floodplain, and usually results in flood frequency maps which graphically show
the flood risk for different sections of the flood plain. (Similar maps should be pro-
vided for efficient flood plain zoning and the like.)

Flood Problems in the Meramec Basin

In analyzing o particular proposal for flood damage reduction (a proposal for
some combination of the previously discussed measures) benefits attributable to the
combination or system are the difference between flood domages which would occur
in the absence of the system and the damages which would occur with the system in
operation; plus the benefits, if any, from change in land use with the system in operation.
Against these benefifs must be arrayed the costs required to achieve the benefits --
capital, operating, and maintenance costs of reservoirs, levees, land treatment pro-
grams, ond the rest. If the benefits are sufficiently more than the cost, the system
is considered to be economically justified. The problem of flood damage reduction
requires consideration of the need for flood-free land at specific locations and at
various times in the future. Precise estimates of future land use and related flood
damages is difficult; the demand for flood plain land is affected by (1) chonges in
the demand for and supply of land, both within the immediate flood plain and in
other areos in the region, and (2) the vorious measures adopted to reduce flood domoge.

Present lond use potterns in the flood plain

The flood plain in the Meromec Basin is not highly developed at the present
time. As indicated in Table 1, only in the lower portion of the basin, in St. Louls
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Table |
PRESENT LAND USE IN MERAMEC BASIN FLOOD PLAIN®

lntengive Good Fair Poor
River Reach Use Agriculture Agriculture Agriculture  Total
or Vacant
Meramec River, mouth
to Pacific d
St. Louis County 1,767 ~-- -7,850 - - = 4,524 14,141
Jefferson County,
eastside 491 985 151 1,215 2,842
Jefferson County,
westside 88 1,030 270 1,336 2,724
Meramec River,
mi .49.0 to mi .64.8 58 2,015 478 1,820 4,371
Meramec River,
mi.64.8 to mi.107.5 137 3,009 1,213 4,620 8,979
Meramec River, :
mi.107.5 to mi . 143.0 120 1,443 939 4,198 6,700
Bourbeuse River,
mouth to mi. 32.2 88 1,865 871 2,832 5,656
Bourbeuse River,
mi.32.2 to mi .90.4 13 3,672 1,319 4,753 9,757
Bourbeuse River,
mi .90.4 to mi . 131.0 1 3,386 841 3,576 7,814
Big River,
mouth to mi .22.6 285 3,529 1,131 1,739 6,684
Big River,
mi.22.6 to mi.61.2 81 3,682 673 2,797 7,233
Big River, '
mi.61.2tomi.113.0 - 52 1,701 609 3,251 5,613
Totals 26,317° 8,495
3,191 42,662 36,661 82,514

a Compiled from aerial photographs except where noted.

b Industriol, commerciol, residential, etc.

¢ Compiled from St. Lovis County Planning Commission Land Use Maps and
from St. Lovis County Plonning Commission, "Statistical Analysis of the
Meramec River Flood Plain in St. Lovis County, Missouri”, Processed,

M' 1960.

d Sum of good and fair classifications.
e Excluding St. Louis County. f Including St. Louis County.
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ond northern Jefferson counties, are there any significant concentrations of in-
tensive development. In the remainder of the basin, the flood plains are utilized
primarily for agriculture. There are scattered residential and recreational uses,

sand ond gravel operations, and secondary and tertiary roads in the flood plains.
However, except for the area within Metropolitan St. Louis, the principal population
concentrations in the basin are located on ridges or uplands, generally far outside
the flood plains. The major highways, such as U.5.50 end U.S. 66 (Interstate 44)
and the railroads are likewise located along the ridges, except in the lower portion
of the basin, from about Pacific downstream to the mouth of the Meramec River.

In this lotter area, however, both the railroads and the major highways are elevated,
so as fo minimize domage even from a flood as large os the maximum flood of record.
The general nature of present flood plain occupancy in most of the Meromec Basin

is shown in the maps at the end of this chapter.

Present land values in the flood plain

Since flooding of land presumably has some effect on the value of the lond,
attempts were made fo determine the present value of flood-plain lands and to see
if there were moqwoblo differences between the value of land in the flood plain
ond the value of lond adjacent to, but outside of the flood plain. Two investigations
were undertaken: (1) a determination of the average value per ocre for different
types of lond use based on actual land and building sales in the St. Louis County
portion of the Meramec River flood plain; and (2) an inventory, by meons of aerial
photographs, of the different types of land use found in selected reaches of the
flood plains in the Meramec Basin. As detailed lond use and land sales data were

available for that portion of the flood plain in St. Lovis County, this areo was wed
s o guide for working out bind use =land voluo relationships in other portions of the
flood plain.
ltw.femd‘mmu,m-emdw“hﬂnmnwﬂoh
in St. Lovis County. The volue of the lond and structures (bosed on separate :
calculations for incorporated and unincorporated areas, roads, railroods, ond i
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utilities == as explained in Appendix A at the end of this chapter) was found to
be approximately $23,800,000. A check was made using o more detailed land~use
breakdown and average values for different land uses. The value of land and
structures in the St. Louis County portion of the Meramec flood plain was calculoted
by this method to be $23,600,000. An additional check on the validity of the above
estimote is provided by the St. Louis County Plonning Camiuia\,‘ who estimate
the value of flood-plain land and structures fo be about $20, 000, 000.
Based on the results of these analyses, adjustments were made o arrive at the
land values alone (without structures), and estimates were compiled for other
reaches of the major streams of the lower Meromec Basin. These are shown in Table 2.
Because of the paucity of the available data, it was impossible to moke any
significant comparison of the value of land subject to periodic flooding and the value
of adjacent land not subject to flooding.

Future land use patterns in the flood plain

Since almost all of the existing urbon and intensive land use in the Meromec
Basin, except in the St. Louis Metropolitan Area, is located outside of the flood
plain, little development is expected in the flood plains in the future. Expansion
of existing population concentrations in the basin could foke place virtually in-
definitely without encroaching upon the floed plains. Only in that portion of the
basin within the expanding metropol itan area is there a potential demand for sig-
nificontly increased use of the Meromec River flood plain.

As the 5. Louis Metropoliton Areo grows, lond uses typical of urbanized oreas,
residentiol and commerciol primarily, spread into the surrounding countryside.
Intensity of lond use within the metropoliton area varies with distance from the city
center. The farther awoy from the city the less intensive is the lond use. This is
illustrated in Figure 1.

The flood plain of the Meromec River lies athwart the spreading wave of
urbanization in the St. Louis Metropoliton Area. (See frontispiece map.) Along
the major radial highways in particular, residential and commercial development
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Table 2

1960 LAND USE AND LAND VALUE IN THE MERAMEC RIVER FLOOD PLAIN

Land Use Category Number Value Value
of Acres (dollar per acre) (dotlors)
Meramec River -- iMouth to Pacific, Jefferson County, East Side
Intensive use 491 $ 1,500 $ 737,000
Good ogriculture 985 200 197,000
Fair agriculture 151 125 19,000
Poor agriculture or vacont 1,215 - 50 61,000
Yot ad for oo .. I o T00%.

Meramec River == Mouth to Pacific, Jefferson County, West Side

Intensive use 88 1,000 88,000
Cood ogriculture 1,030 200 206,000
Fair agriculture 270 125 34,000
Poor agriculture or vacont 1,336 50 67,000
Totol for reach . . . 2,724 - 35,000
Meramec River == Pacific to Mouth of Bourbeuse River
Intensive use 58 1,000 58,000
Good ogriculture 2,015 200 403,000
Foir agriculture 478 125 60,000
Poor agriculture or vacant 1,820 50 91,000
Totel for reach . . . 1,37 — 812,
Meramec River ~ Mouth of Bourbeuse River to Mile 107.5
intensive use 137 500 69,000
Coed agriculture 3,009 200 602,000
Fair agriculture 1,213 125 152,000
Poor agricuiture or vacont 4,620 50 231,000
Totol for reach . . . R = T,054,000
Sourbeuse River == Mouth to Mile 32.2
Intensive use 88 500 44,000
Good agriculture 1,865 200 373,000
Foir agriculture an 125 lw,%
Poor agriculture or vocont 2,832 50 142
Totol for reach . . . ™ = 338,000
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has occurred. Because of periodic flooding in the flood plain, the intensity of
development is less than in immediately adjacent areas, as shown in Figures
2 and 3 which depict variations in residential density with distance from the city
ond the river.7

As the St. Louis Metropolitan Areq grows, the demand for land for residential
and commercial use in surrounding areas, including the Meramec River flood plain,
can be expected to increase. However, new development in the flood plain itself
is likely to be small, barring any measures to reduce the frequency and magnitude
of flooding. Furthermore, there are many altemative sites outside the flood plain
suitable for residential and commercial development. The alternative sites apparently
have no locational disadvantages, other than distance from the city in the case of
some sites, that would warrant protecting the flood plain of the Meramec River
solely to provide land for residential and commercial development. However, the
nearer portions of the Meramec flood plain undoubtedly would be put to more in-
tensive use if flooding were abated. Nevertheless, the presence of relatively close
sites elsewhere, means that Meramec land is not essential for proper urban development
ond might indeed serve general urban development policies better if left in a green
belt for recreation and other purposes.

Future demand for industrial land

In assessing whether or not land in the flood plain of the lower Meramec River
is needed for industrial expansion in the St. Louis Metropolitun Area in the future,
on analysis is necessary of both the demand for and supply of land for industrial use.
An analysis of the demand for industrial land and on intensive investigation of
ovailoble industrial sites were made. The studies and the results are contained in
full in on cppondix.ah essence, the conclusion was that there is adequate available
land for industrial use in the St. Louis Metropolitan Area to meet all demands for

such land in the foreseeable future, certainly to 1980 -- and probably considerably
beyond that date (see FRigure 4).
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This does not mean that there would be no benefits to industry in the event
flooding were abated. Industry might, indeed, occupy some of the present flood
plain in the event it were no longer flooded. It is therefore necessary to explore
the probabilities of industrial development in the Meramec River flood plain in the
event flooding were reduced or prevented.

Only the lower portion of the Meramec River, i.e., that portion in proximity
to the built-up area of metropolitan St. Louis, has any likelihood for industrial
occupancy. Even here the locations svitable for industry are very limited. The
only areas where industry is located in, or close to, the Meramec River flood plain
are ot the north side of the confluence of the Meramec and Mississippi rivers, and
in the vicinity of Valley Park. The Union Electric plant occupies a portion of the
former area. This area is subject naturally to flooding from Mississippi River back-
water, and therefore could not be made available for industry simply by reducing
or eliminating Meramec River floods. The area in the flood plain near Valley Park
which might be available for industry amounts to about 1,000 acres. However 500
acres of good industrial land located outside the immediate flood plain in this area
are still unused.

Since periodic flooding precludes the extensive use of the above two areas
in the Meramec River flood plain by industry, it might be expected that the Meramec
River flood plain as a whole would not appear attractive to industry as far as general
locational preferences are concemed. On the other hand, if the flood plain were
a potential location for industry, it theoretically would have been reflected in the
responses by industries to the question concerning preferrred or desired locations.
Actually, the vicinity of Lambert Municipal Airport to the northwest of the center
of St. Louis was the first choice of most industries desiring to relocate in the metro-
politon area. The Meramec River sector was mentioned by only a few firms. Per-
haps this is simply because it is little known; future location preferences might
change especially if and when airport land is exhausted.

Based on data about factors affecting land use in the Meramec Basin, it was
concluded that only in that portion of the flood plain of the Meramec River from
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about mile 14 to about mile 40, would any significant increase in development

be likely to occur in the future. Present land use in the flood plain of the lower
Meramec River is shown in Maps 1 and 2 appended to the end of this chapter.

The increased development in this reach was ‘estimated to be primarily residential
and commericial, with some industrial. The extent of increased development

in this reach will of course depend on the degree to which the frequency and
magnitude of flooding are reduced and on the land use plans adopted by St.

Louis County.9 But even without measures to reduce the flood hazard, some
development is likely to take place in this area, because of the growing St. Louis
Metropolitan Area.

Benefits from Flood Damage Reduction in the Meramec Basin

Nature of flood darEge reduction benefits

Basically there are two types of benefits from reduction in the magnitude
and frequency of flooding. The first includes benefits stemming from direct
reduction in flood damages and associated costs. The second includes benefits
stemming from increased intensity of land use, and hence an increase in land value,
made possible by the reduction of the flood hazard.

The first type of benefit includes the reduction of both direct losses from
flooding, i.e., damage stemming from direct physical contact with the water,
and indirect losses, i.e., costs associated with flooding but not involving direct
physical contact with water. Direct losses accrue to residences; commercial
operations; industries; public facilities -- utilities, roads, parks, water and
sewage systems, efc.; and agricultural property. Direct losses to agriculture in-

clude crop ond livestock losses, damages to farm buildings, to farm equipment

and to farm land itself, and replanting costs. Direct losses stem from the depth
ond duration of flooding, the velocity of the water, and the deposition of sediment
carried by the water.

Indirect losses include the costs of flood fighting, evacuarion, reoccupation;
increased costs of business operations during and/or after the flood period; and loss
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of stock to businesses and industries because of spoilage. Indirect losses also include
the net economic loss of goods and services to the national economy resulting from
flooding in the orea. Since o national framework for the economic analysis of water
resources systems in the Meramec Basin was adopted, the losses of goods and services
must be net, i.e., actual losses not recouped later in either the area where flooding
occurred or elsewhere in the nation. Given the degree of flexibility and substitutability
in the national economy, little net loss of business or production is likely to occur
nationally from flooding in a local area or in one region.'o
The second type of benefit stems from the higher utilization of property ond
is measured by the increased net earnings of the land. Waste land moy become usable
for agriculture; agricultural land may be shifted from less intensive to more intensive
farming; farm lond may become usable for residential or industrial purposes. However,
as noted previously, more intensive land use may occur in an area over time whether
flooding is reduced or not. Historically-induced chonges in land uses and land values
should not be attribuied to the reduction in flooding per se.

Present flood domage~discharge relationships

In order to determine the effects of various oltemative water resources systems
on reducing flood damages in the Meramec Basin, flood domage-discharge relationships
were developed for various river reaches in the basin. Flood domage dota had been
collected by the Corps of Engineers in connection with the Corp. investigation of the
Meromec Basin in the 1940's. The Corps dota related to land uses and prices in 1946.
These dato were adjusted for changes in land use since 1946 and for the elimination
of non-recurring domages, such as those stemming from raised highways and increased
protection of railroad embankments. The extensive data on land use in the flood
plains, compiled by the Meromec Basin Research Project, were utilized in modifying
the Corps dota. Most changes in the interim period have tended to reduce flood
domages, but some -- such as the construction of new homes in the flood plain,
have tended to increase damages for any given discharge, in comparison with 1946
conditions.
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The wholesale price index for all commodities was used in changing 1946
dollars to 1959 dollars. The wholesale price index in 1946 was 78.7, in December
1959, 118.9. .

Thus data on recurring damoges under essentially present -~ 1959 -- con-
ditions were obtained. Damages were divided into four categories where applicable:
(1) ogriculture, subdivided into five seasonal periods; (2) property; (3) highways and
railroads; and (4) gravel workings. Flood daomage=-discharge curves were developed
for the following reaches of the Meramec River and its two main tributaries, the

Big and Bourbeuse rivers.

River Reach Gaging Station
Meromec 1A (mile 0.0~ 14.0) Eureka
Meramec 18 (mile 14.0 - 37.8) Eureko
Meramec 2 (mile37.8 - 63.4) Robertsville
Meromec 3 (mile 63.4 - 107.5) Sullivan
Big 1 (mile 0.0~ 22.6) Byrnesville
Bourbeuse 1 (mile 0.0~ 31.6) Union

Figures 5 and 6 illustrate the nature of the flood damage-discharge relationships.
Similar curves were developed for other reaches, and these were used to calculate
flood damages over o 50-year period using synthetically generated hydrologic
sequences of flooding as well as the historical trace (as explained later).

Future flood damage-discharge relationships

Because increased development in the Meramec Basin outside the St. Louis
Metropolitan Area is likely fo occur around present population concentrations ==
which ore located on ridges and uplonds, and because the exponding St. Lovis
Metropolitan Area is likely o hove an impoct only on the lower portion of the
Meramec Basin in the next 50 years -- in terms of increased demand for lond, no
changes were assumed in the flood-damage discharge relationships for any of the
reoches, except for Reach 1B (Fenton to Eureka) of the Meromec River. Reach 1A,
comprising the section of the Meramec River downstream from Fenton to the mouth of
the river, is the main reach ffected by flooding from Mississippi backwater. 2 Hence
little development is anticipated in this area.
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Future Flood Domage-Discharge Relationships, Reoch 18

Future land use without zoning or streamflow regulation

For Reach 1B, changes in future land use were estimated under various
assumed conditions. The corresponding flood domage-discharge relationships
(curves) are shown in Figure 7, along with the present relationship. No changes
in damages to highways, railroads, gravel operations, and agricultural damages
were estimated to occur. Since the Interstate Highway System in this orea is not
likely to be changed over the 50-year plonning period, and since the railroads
have raised their tracks and modified their embankments, this assumption appears
reasonable. With respect to agricultural damages, even if demands for urbon lond
were fo expand greatly, little agricultural acreage would be lost to urban uses.
Hence, given the likelihood that the pattem of farming in the area will not chonge
much, the ogricultural domage-discharge relationships were assumed to remain

the same.

For sand and gravel operations, the 1959 flood domage-discharge relation=
ship would oppear to be as valid for the future years as can be predicted. Whether
domages will increase or decrease in the future with any given discharge depends
on the economics of the gravel industry in the area over time, the amount of gravel
available, and the methods of working the deposits. In the event that future gravel
workings take place farther back from the river, domages should be slightly reduced.
There are so many complicating factors in estimating conditions over the 50-year
planning period that the present flood domoge-discharge relationship wos assumed
fo remain volid.

The 1980 and 2000 curves assume that there will be little, if any, increcse
in the density of dwellings on the lower elevations of the flood plain, but that
considerable new development will occur on the outer margins of the 1915 flood
plain, especiolly in Jefferson County where there is as yet no land use zoning.
Already, a few subdivisions ond other urban uses are invading the flood plain in
these areas. All told, it is believed that about 20 acres of new residential and
commercial lond will be found in the cuter edges of the flood ploin by 1980.
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FLOOD DAMAGE - DISCHARGE RELATIONSHIPS, PRESENT & FUTURE CONDITIONS, MERAMEC RIVER,
REACH | B, (Mile 14.0- Mile 37.8)
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Assuming o domage of approximately $2,000 an acre for such land (empirically

derived), about $40, 000 more damages to property at a discharge of 175,000 cfs

(the highest recorded flood, 1915) would occur in 1980 thon in 1959. The rote

of urban occupancy of the flood plain is expected to increase somewhat faster between
1980 and 2000 than between 1959 and 1980, resulting in o further increase in domages
for the 2000 curve. Club house damages will probably remain largely unchanged in

the future, and hence the lower portions of the 1959 curve remain unaltered. In fact,

it might be argued that damages to club houses may diminish in the future when the
econamic lives of such structures are ended, and as new altematives for such recreational

use are made available elsewhere.

Flood domages with flood plain zoning

The curves labeled “Zoning 1980" and "Zoning 2000" are bosed on the assump-
tions that the entire flood plain in this reach will be zoned against “unwise use" and
that flood damage-prone structures will not be allowed on the flood plain. These
curves are based on the further assumption that the nonconforming uses, such as resi-
dential, which currently exist will gradually be eliminated as the economic lives of
the present focilities expire. By 2000 over one-half of these currently nonconfoming
uses should be eliminated. Unfortunately, the type of flood plain occupant suffering
the largest unit flood domages, i.e., industry, will probobly still be in operation even
under such o flood plain zoning plan.

Flood damages with redevelopment

The curve lobeled "Redevelopment ond Zoning" is based on the assumption that
property flood domages in Reach 18 could be avoided almast entirely, or at least re-
stricted fo domages of the magnitude resulting from the 1947 flood, by actually removing
nonconforming ond flood damage-prone uses from the flood plain. Of course club
houses, certain institutional uses such as recreation, and perhaps some industry might
remain ond therefore some flood damage would continve to occur.
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The costs of such a redevelopment progrom for the area from Fenton to Times
Beach are estimated to be as follows:

Area Number of Dwellings Redevelopment Cmt‘3
Valley Park 350 6,000, 000
Times Beach 220 1,700,000
Eureka 20 200, 000
Relocation costs - 1,500, 000
11,000, 000
Minus salvage value ~-1,000, 000
Total net redevelopment costs 10, 000, (X)Ol :

This estimate does not include utilities or industries. Moreover, only those areas which
receive the majority of flood damages are redeveloped and then zoned against further
intensive use. It is assumed, however, that all remaining parts of the flood plain would
be adequately zoned to prevent excessive domages in future floods. Damages to high-
ways and railroads would remain essentially the some under this progrom.

Redevelopment is assumed to toke ten years. The redevelopment costs, i.e.,
copital casts, are assumed to be spread evenly over the ten-year period. Annual
administrative costs for the progrom are estimated to be about $20, 000.

Flood domages with major reservoirs
The curve labeled "Wth reservoir protection i is based on the assumption that
one or more major water impoundment will be constructed in the basin. Assuming that

the reservoir(s) would lower the frequency and amount of flooding in the lower Meramec

River orea, the intensity of land use would increase in the downstream areas, if there

is a latent demand for such land. The amount of property domage which would occur

with any given discharge if floods were not reduced would consequently be increased.
If it is assumed that the reduction in discharges would result in o residential

density in the flood plain equal to the residential density presently existing on either

side of the flood plain as revealed by the residential crss sections, > about 1,200

new homes would be added to the flood plain in this area by 1980. Assuming an average
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domage of $400 per home (empirically derived), then a flood of 1915 proportions
without regulation would cause an additional $500, 000 domage, or one-third
more domage thon would presently occur with such o discharge. These assumptions
are used to derive the "With reservoir protection” flood domage~discharge relation=
ship. The result is probably o conservative estimate, as new industrial and commercial
development might also occur. On the other hand, the 300 acres of industry that
might develop would undoubtedly be located at or above levels corresponding to
a discharge of 130,000'cfs. A discharge of such magnitude would be a rare occurrence
with a major impoundment upstream. Therefore the curve as shown appears recsonable .'6
No additional changes were made in the flood damage-discharge relation
for 20002010 under the above assumption. It is doubtful that flood plain density,
and hence flood domages, would change very much from 1980 to the end of the
S0-year period. Future urban lond use density in this general area will very likely
be much lower than at present, and would not be expected to exceed, by much,
present subdivision densities in this area. It is assumed that this density will almost
be reached by 1980 if a reservoir is, or reservoirs are, constructed to regulate flood

flows .

Amount of prescnt flooc damoges

As explained in the Hydrology appendix, the fuiure amount of flood domages
has been estimated on the basis of probable occurrence of floods in the future. Two
methods con be used: (1) assuming that the historic record (in this case a 40-year
period) will prevoil in the future; (2) generating synthetic hydrology, which by
statistical methods calculates the occurrence of floods based on a probabilistic ex-
pansion of the 40~year actual record into a 500~year period. This 500-year synthetic
period has been used by the Meramec Basin Research Project and has been divided
into 50-year cycles (to coincide with the 50-year planning period); flood occurrences
and associated flood domoges derived from the domage discharge curves' have been
calculated for five 50-year periods. The results of these flood damage calculations
for the Meromec Basin ore shown in Table 3.
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Toble 3
AVERAGE ANNUAL FLOOD DAMAGES IN THE MERAMEC BASIN®
1 2 3
Unmodified Modified by Benefits from
(without protection)  3-reservoir 3-reservoir
system system
Synthetic trace No. 1 $343, 000 43,000 298, 000
Synthetic trace No. 2 357,000 87,000 270, 000
Synthetic trace No. 3 426, 000 152, 000 274,000
Synthetic trace No. 4 378,000 59,000 319,000
Synthetic trace No. 5 480,000 85,000 395,000
Average 397, 000 86,000 311,000
Historic trace
(octual record) 353, 000 46,000 307, 000

%In reaches of the Meramec, Bourbeuse, and Big Rivers downstream from the
three doms proposed by the Corps of Engineers in 1949.

In the analysis of various altematives made by the Project, an average annual
domage of $397,000 (rounded to $400, 000) has been used. This is some $45,000
greater than domages derived from the historic trace. The synthetic trace,
although not differing a great deal, appears to be a more precise way of looking
info the future. The figure of $397, 000 is simply an estimate derived from synthetic
calculations, based on previous Corps of Engineers domage-discharge calculations
ond odjusted for chonges in dollar value and intensity of development since thot
time .

The Corps in their 1948 report estimated $503, 000 annuval damages. This
of necessity was based on a shorter record than now available and apparently
included the 1915 flood, 175,000 cfs (the highest known) and ended with the 1945
flood, 130, 000 cfs (the highest of official record), This combination of a shorter
record ond inclusion of the two highest floods gives a higher figure. In addition,
their method of calculation differed. Converting the Corps figure to 1960 dollors
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and allowing some increase in damage because of greater property development
might produce a current figure of about $800, 000 average annual damages -- twice
our figure.

Additional flood damages occur on the smaller tributaries, especially in the
St. Louis Metropolitan Area, and on the major basin rivers upstream from the three
doms. The amount of these damages has not been accurately determined, but is
probably of the same order of magnitude as main-stem damages.

Reducing Flood Damage in_the Meramec Basin

Various woter resources systems in the Meramec Basin were investigated with
respect to their effects on flood damage reduction. The assumptions made in these
investigations are set forth in Appendix B.

Operation studies indicate that approximately 80% of the flood domages which
now occur in the reaches of the rivers below the three dams proposed by the Corps
of Engineers in 1949 could have been prevented by these three dams (Table 3). The
average annual flood damage reduction benefits attributable to the three reservoir
system is therefore slightly over $300,000. A small additional amount would
accrue from flood damage reduction on the Mississippi River. The flood damage
reduction benefits attributable to the alternative reservoirs proposed in Volume |
have been calculated as a proportion of the three-dam benefits -- the benefits
being proportional to the domage in each reach, modified by the percent of the
drainage area of that reach controlled by a particular reservoir, and adjusted for
the omount of flood run-off which could be stored in o particulor reservoir.

Although benefits from flood damage reduction alone are not sufficient to
cover the costs of reservoir construction and operation, the construction of a reservoir
or reservoirs primarily to satisfy the demand for water recreation would also serve

fo provide some degree of flood protection. However, "complete" protection does
not appear to be economically feasible. Therefore it is important that additional
flood damage reduction measures be undartaken. (These additional methods should
not be limited to situations in which reservoirs cannot be justified, but rather should
be considered part of the total flood damage reduction package.) Improvement of
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the flood warning system would be helpful in reducing damages, particularly to
movable property. Flood plain zoning and channel encroachment legislation
would prevent unnecessary future increases in flood damage. Flood-proofing of
structures already on the flood plain as well as possible new structures might be
feasible and should be investigated more thoroughly. The preparation of flood
frequency maps are a necessary first step for several of the preceeding measures as
well as for a comprehensive flood insurance program. These maps should be prepared
as soon as possible. Until the advent of o comprehensive flood insurance program
it would be wise for flood plain users to establish a program of self-insurance (a
contingency fund). An intensification of land-treatment programs would also be
beneficial -- although the primary benefits of such programs would not be from
reducing flood damages.

Flood damages are a problem, but not a major one. A broad program of flood

damage reduction including reservoir construction in conjunction with other measures

would contribute to alleviating the problem.
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b ; REFERENCES AND NOTES (continued)
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r APPENDIX A
FLOOD-PLAIN LAND VALUES

In order to evaluate the nature and extent of flood domages in the Meramec
| Basin, an attempt was made to determine the value of the land ond structures located
in the flood plain of the lower Meramec Basin. Several different approaches were

i tried.

{ All lond sales which occurred in or near the flood plain in St. Louis County
j. for the period August, 1957 (date of last major flood) through 1959, were obtained

"" from warranty deeds. Each sale was located on base maps as determined by the legol
descriptions on the deeds, and the sale price was estimated by use of the attached

g Federal Revenue Stamp. Deeds bearing no stamps, as well as all intrafamily soles

were eliminated. From these data the value per acre for mony different types of
lond use was determined. The 113 sales occurring in the flood plain during this peried
accounted for 2.7% of the flood-plain land area. Unfortunately all but 26 of these
sales occurred in the incorporated areas, such as Valley Park and Times Beoch.

It was found that the mixture and intensity of land use in the 14,183 ocres
of flood-plain land located in St. Lovis County varied considerably from o » area to
another. Consequently several areas were segregated for individual analysis: (1)
the incorporated residential communities of Valley Park and Times Beach; (2) the more
intensively used lond near major transportation arteries crossing the Meramec River;
1 (3) the more remote lower-valued ogricultural, forested, and vacant land in the
interstices between the major routes; and (4) public utilities, roads, railroads, and
bridges. Using this classification, a first approximation to the present total valve of
the flood plain in St. Louls County, including both land ond buildings, is about
$24,000,000. The computation is shown in Table 4. It must be emphasized, however,
that this is only an estimate based on a gross land use type classification, and may be
five or more million dollars off in either direction. Moreover this is not the land value,
but the total lond and property vilue. Nevertheless from such a gross value, an
estimate of the order of magnitude of the value of the flcod-plain land itself can be
obtained.
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§
4 PRESENT VALUE OF LAND AND STRUCTURES IN THE MERAMEC RIVER
k FLOOD PLAIN IN ST. LOUIS COUNTY®

3 Place or item Acres ( d::l‘;:' \;::u:c re) (\;::;‘:n)
; Times Beach a77 $ 9,300 $3,500, 000
4 Valley Pork 37 11,900 3,800,000
H Roads a2 - 1,000,000
1 Railroads 237° -— 2,500,000
Utilities, efc. 139 2,000 300,000
!_i Other, good access 3,200 1,600 5,100,000
: Other, poor access 9,481 800’ 7,600,000
TOTAL 14,183 23,800, 000

—'lmluda area inundated by 1915 flood. Value determined from an exomination
of warranty deed sales, August, 1957 through 1959.

tlndudu 7.4 miles of state roads, 14.4 miles of county roads, ond 24.7
miles of incorporoted roods .

© Includes 20 miles of railroad.
‘Dohmimd by dividing the accumulated total value of sales by the accumulated

non-incorporated fond acres .
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A check on the estimate in Table 4 wos made using average values for specific
types of land use. The types of land use in the St. Louis County flood plain were
determined from data of the St. Louis County Planning Commission. This method, as
shown in Table 3, produced figures almost identical with the first estimate of gross
value of the flood plain, including land and buildings.

A further demonstration of the validity of the above total value of the St. Louis
County flood plain is indicated by the calculation made by Walter Eschbach of the
St. Louis County Planning Commission ,' who estimated the total value of land and
structures to be approximately $20,000,000. This figure was obtained by a more
detailed land use inventory than above, whereby average land values per acre were
assigned to the different land use types. Unfortunately, the specific values assigned
by Eschbach to the various land uses are not available. Even though the Plonning
Commission Report did not include public utilities, roads, bridges, and railroads in
the calculations, the three estimates of total value are close.

Walter Eschboch, Statistical Analysis of the Meromec River Flood Plain in
S¢. Lovis County, St. LouTs Caurly Plasming Cormieston- ClayTor - urpublTihed,
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Table 5
PRESENT VALUE OF THE MERAMEC RIVER FLOOD PLAIN IN ST, LOUIS COUNTY,
AS DETERMINED BY AVERAGE VALUES FOR SPECIFIC TYPES OF LAND USE®

—
B -

d Land uee Actwn ar vnits Hollarunp:' Y.:::.or unit) (d:,l‘l’::ur:)
4! Vacant 1,805 acres $ 500 $ 900,000
H Resort {secsenal) 576 units 2,000 1,200,000
| Resort (yeorly) 568 units 4,000 2,300,000
3 Permanent residence 481 units 10,900 4,600,000
\ Recreation land 144 acres 800 100,000
Commercial 140 acres 3,000 400,000
Moanufacturing 77 acres 5,000 400,000
Agriculture 7,840 ocres 1,000 7,800,000
Woodland 2,719 acres 500 1,400,000
Sand ond gravel 237 acres 3,000 700,000
m?m.:':; : 808 acres Variable 3,800,000
TOTAL 23,600,000

%Includes land and structures.
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APPENDIX B

PROCECURES USEL IN OPERATION STUDIES

The assumptions made with respect to the effect of the various water resource
systems on flood domage reduction in the Meromec Basin are as follows:

1. In oll analyses of alternative systems, unmodified flood domages relating
to specific discharges were obtained from the flood damage~discharge relationships
as developed. For all river reaches except 18, flood damages were assumed to
remain the some over the period of analysis, as indicated previously. For Reach 18,
where development is most likely to occur, the 1959 relationship was used for the
first ten years, the 1980 relationship for the next 20 years, and the 2000 relationship
for the final 20 years.

2. In oll onalyses of altemative systems, agricultural flood domages from
successive floods during the primary growing season, June to September inclusive,
were modified to account for the effect of sequence of flooding. A relationship
between (o) the ratio of the total number of acres flooded in the four months to the
number of acres flooded in the maximum flood, and (b) the percent of unadjusted
totol damoges, was used to determine the modification.

3. In the altemative system including only flood plain zoning and flood
warning, it wos assumed that the flood warning network propesed along with the
asociated flood plain zoning would achieve o net reduction of 10% in all flcod
damages, other than agricultural domages and property damoges in Reach 1B. With
respect fo Reach 18, the chonge in property flood damages under conditions of flood
plain zoning were indicated in the previous section. The net reduction allows for
the costs of evacuation and reoccupancy but excludes the costs of the flood warning
network ond the preporation and administration of flood plain zoning regulations.
These latter costs were estimated separately.

It was assumed that an expanded network of both precipitation gages and river
staff goges would be installed in the basin, particularly on tributaries such as Courtois
Creek, Indion Creek, Little Meraomec River, Fox Creek, Grond Glaize Creek, and

'U. S. Senate Select Committee on National Water Resources. River Forecastin
red Fy the U.S.

ond %wﬁl Analqk. Committee print No. 25 (prepa
’ MI .
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so on, wherever such installations would be useful and do not now exist. The network
of goges would be in addition to and integrated with the existing gages of the U.S.
Weather Bureau. A system of reporting precipitation and gage heights to a central
headquarters, and on outgoing system for communicating predicted river levels and
warnings fo evacuate would be established. The flood warning network would be
operated in conjunction with the River Forecast Center of the Weather Bureau in
St. Lovis. The expanded network along with the radar installations of the Weather
Bureau should maoke passible the achievement of the 10% reduction in flood domages.

4. For the system involving redevelopment in addition to a flood waming net-
work and flood plain zoning, it was assumed that a net reduction of 10% in oll flood
domages except for agricultural domages and property domages in Reach 1B would be
ochieved. In Reach 18, property flood damages corresponding to any given discharge
were assumed o be reduced proportionately during the first ten years until the full
redevelopment program hod been accomplished. Then the relationship between flood
domoge and dischorge was assumed to be as shown on the "Redevelopment” curve.

Capital ond annuol costs of the flood plain zoning and the flood warning net-
work were assumed the same os in previous section.

5. In ovolwﬂnj systems in which there was protection equivalent to the three
sindonien prapinad v 100D, -cn waih on the Big; Bowrbeuse; ond Mermec riven,
it was assumed thot the flood warmning network would not reduce flood domages over
and abov~ any reduction accomplishea by the reservoirs. This underestimates by
some amount the flood domage reduction benefits possible. No costs for the flood
woming network were therefore included in system costs. It was assumed further
that the flood plains below the reservoirs would be regulated so as to preclude de-
velopment over and obove present conditions, except in Reach 18. Changes in the
property flood domage-discharge relationship for Reach 1B have been described above,
and include benefits from increased utilization of the flood plain.
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MERAMEC RIVER FLOOD PLAIN LAND USE, 1858
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MERAMEC RIVER FLOOD PLAIN
LAND USE, 1958

Valley Park (mi.22) to Pacific (mi.49)
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Chapter 3
MUNICIPAL AND INDUSTRIAL WATER SUPPLY

Summary

The Meramec Basin is blessed with generally ample precipitation. The climate
is classified as humid. Rainfall during the growing season is adequate during most
years and the use of water for irrigation is consequently not large. The supply of
water for municipal and industrial purposes within the basin is relatively abundant in
relation to present ond potential demands. There are three sources of supply: (1) ground
water from deep bedrock or shallow residual soil aquifers, (2) water from surface streams,
ond (3) ground water from the alluvial material bordering the surface streams. All of
the water used in the upper basin is supplied from deep underground sources; only in
the lower basin is any use made of surface water or alluvial ground water. This is made
necessary by the larger demand in the lower basin coupled with the fact that deep ground
water in the lower basin contains large amounts of dissolved minerals and is unusable
without extensive treatment. Since there are no heavy water-using industries within
the Meramec Basin, and only one or two cities in the upper basin whose population
exceeds 5,000 persons, all of the water needs of that portion of the basin outside the
St. Louis area con be met from underground sources == both at the present time and
in the foreseeable future. Only in small local areas may difficulties arise with regard
fo the quality or amount of deep ground water.

Only one area in or near the Meramec Basin requires large quantities of water ~=
the St. Louis Metropolitan Area. Ample quantities of surface water are available fo
supply this need from the combined flows of the Mississippi ond Missouri rivers, the

Meramec River, ond from the alluvial materials bordering these rivers. At the present
time, most of the water used in the St. Louis Metropolitan Area is cbtained from the

Mississippi and Missouri rivers, and these sources should be sufficient fo supply any
foreseecble increcse in demand. Raw water from these surface sources requires a greater
degree of treatment thon the ground water utilized by cities in the upper basin, but the
costs involved are not out of line with the cost of water treatment in most other large
metropoliton areas. The supply of water available from the Meramec is small in
relation to the supply from the other two rivers, and differences in water quality are




WP TR 34 3 »

negligible. Because of the costs involved in tronsporting water, the Meramec is, and
will continue to be, the chief source of supply for the southwestem part of the St.Louis
iietropoliton Area. At the present time this supply is more thon adequate, and will
continue to be odequate for same years in the future. Therefore, water supply benefits
which might occrue from development of the water resources of the Meramec Basin

are likely to be small.

This conclusion does not mean that there will be no direct benefits to muni-
eipal and industrial users from development of the woter resources of the basin, As
the population of this section of the metropoliton area expands, the demand for water
from this area will probably exceed the available supply. Benefits would then occrve
from making available a larger dependable supply in the ivieramec rather than trans-
porting the necessary water from the Mississippl or Missouri. Some odditional benefits
could also accrue because regulation of streamflow may improve the average quality
of surfoce supplies, which in fum would reduce water treatment costs for municipal
ond industrial users.

The problems of municipal ond industrial water supply in the Meramec Basin
and the St. Louis area are small. Consequently, the opportunities for deriving
water supply benefits from ivieramec water development projects are likewise small .
Lorge expansion of both population and industry is possible without the occurrence of
major water problems. Both surface and ground water sources are, and will continue
o be, utilized, with the former predominating in the areas cutside the Meromec Basin
ond the latter within the basin.

Introduction

The needs of the Meramec Basin and the St. Louls area for water for municipal
and industrial purpcses have often been mentioned as a reason for developing the
water resources of the Veramec Basin. This report attempts to define these needs more
precisely, ond to evaluate the adequacy of sources of supply to meet these needs.

The area covered in this report consists of the Meramec River Basin proper
and odjocent oreas in Mefropoliton St. Lovis. This area is shown in the frontispiece

mop. The area outside the Meramec Basin proper includes, roughly, the presently
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urbonized portions of the St. Louis Metropolitan Area and those sections which are
expected fo become urbanized by the year 2000. (At the present time the St. Lovis
Metropoliton Area includes, in addition to the city of St. Louis, the following
counties: St. Lovis, St. Charles, and Jefferson in Missouri; Madison ond St. Clair
in lllinois.)

The nature of the problem can be most easily and clearly presented if it is first
divided Into its component parts: (a) the water supply and demand of the basin itself,
and (b) the water supply ond demand in areas bordering the basin. The evaluation of
each involves consideration of both surface water ond ground water,

The Meramec Basin: Water Supplies

Precipitation and runoff

The uitimate source of water for domestic and industrial uses =~ precipitation ==
is fairly plentiful in the basin, It varies from 44 inches in the southeast to 40 inches
in the northwest, and averages approximately 41 inches annually. Neot all of this
precipitation becames surfoce runcff in the streams of the basin; much of it infiltrates
info the ground, evaporates, or Is transpired by plants back into the atncsphere. The
mean streamflow at the U. S. Geological Survey gage at Eureka (the farthest down-
stream gage in the basin) is 3110 cfs, | which s equivalent to a runoff of only 11.3
inches from the 3788 square mile area drained by the river at that point. In other
words, only about one=fourth of the water falling on the basin os precipitation is
ovailable as surface wate- supply in the lower portion of the basin. However, this
is not the fotal amount of precipitation folling in the basin that con be made available
fo satisfy the water supply needc of the area’s inhobitonts. An additional amount is
avallable in the form of ground water.

How aodequate is the total amount of water available as a result of precipitation
in the basin, and how does it compare with the needs or demands for water, both
within the basin, and in the immediately surrounding areas which might logically
utilize woter from the basin Water is available within the basin from three sources,
each of which has differing characteristics. Surface water can be cbtained from
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streams. Cround water is available from two sources. It can be obtained throughout
most of the basin from the soil anc rock formations which underlie the basin. Ground

water is also available from another source == the alluvial materials which form the
floodplains of the surface streams.
Crounc water from bedrock aquifers

Ground water is available from bedrock aquifers throughout the Veromec Basin,
but some parts of the basin (notably the northeastern margin) cannot utilize the raw

ground water for municipal and incustrial purposes. The rock strata which comprise
the confined aquifers underlying this part of the Ozarks yield a steady supply of
between 150 and 600 gpm (gallons per mim:te).2 In the upper basin (roughly that area
within the basin boundories, south and west of a line drawn between Vvashington and
LeSoto), ground water from these aquifers is usable for most purposes with a minimum
of treatment, whereas in the lower basin water from these aquifers is relatively highly
mineralized and is unusable or undesirable for most purposes .ithout considerable
treatment.
Surfoce water

The magnitude of surface water available is incicated by streamflow measurements
at the USGS goging station, ivieramec Kiver near Eureka. Above this point in the
lower basin, the crainage area is 3,788 square miles, about 95% of the total drainage
area of the Meramec Basin. Based on a 40-year period of record, 1904-1905 and
1927-1959, the average flow ot Eureka is 3,110 cfs, or 2,010 mgd (million gallons
per day). The minimum recorded flow for the same period is 196 cfs or 127 mgd."
Flows in the Meromec during the low flow season are maintained by ground water,
porticularly the many springs which feed the river and its smaller tributaries.

Lependable supplies of water can be obtained from many of the permanent streoms
in the bosin. The major streams of the basin (those having a drainage area of at least
50 square miles) are shown in the frontispiece mop. While drainage area is a good
indicator of expected streamflow in mony parts of the world, it is not as reliabie in
the Ozarks because of the many sinks and springs which affect the relationship
between drainage area and streamflow. Therefore, not all of the streams shown in
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this map will fumish a dependable supply of water, whereas some of the shorter,

t spring~fed streams not shown on the map could be used as sources of water supply.

It is impossible to construct an accurate map of dependable streamflow because of

the lack of adequate records covering the numerous streoms with small drainage arcas

i which would be necessary for this purpose. The best data available are found in a
study of low streamflows done by the U. S. Geological Survey in 1953.% A map bosed
on these data is presented as Figure | . Streomflows ot the major gaging stations in
the basin during this period were not the lowest ever recorded, but did not, in most

i
; cases, exceed the recorded low flow by more than 50%. As shown in Figure 1, the

‘ largest amounts of water (more than 100 cfs) are available in the Meramec River down=
1 stream from \laramec Spring , near St. James. Amounts on the order of 10-100 cfs are
; olso availoble from the ivieramec for a short distance above iViaramec Spring, from

-tat .

the lower portions of the Huzzah, Courtois, and Bourbeuse, ond in most of the Big
Kiver downstream from the Leod Belt cities.

At places within the basin where w;:hr from the ground water reservoir is pumped
for municipal or mining uses, and is then discharged info surfoce strecms, the bose
flows of these streams during dry periods are considerably greater than those of similar
streams not receiving such dischorges. The 1953 low flow study of the U.S.G.S.>
pinpointed two such areas in the Meramec Bosin == the Big River below the municipalities
ond mines of the Lead Belt, and the Little Dry Fork below the city of Rolla. If mining
octivities continue to increase within the basin, extreme low flows should be increased
in some reaches of the rivers == particulorly the lower Baurbeuse, Indian Creek, ond
the middle ond lower Meramec.

Ground water from alluvial deposits

Water from the alluviol materials bordering the surface streams has characteristics
which ore intermediate between surface water and deep-oquifer ground water. Although
it is withdrown from the ground, and is more okin to deep aquifer ground water than
surface water by most measures of water quality, its source of recharge is not only
precipitation as is the case with deep ground water, but also surface water which
infiltrotes from the stream. Since the floodplains in the Meramec Basin ore seldom
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more than one mile wide, alluvial ground water is found only in proximity with surface
streams. The pattem of occurrence of alluvial water therefore closely approximates
that of surface waters shown in the frontispiece map.
Water supply characteristics

Water from each of these three sources =~ surface, deep ground, and alluvial
ground -- has differing characteristics which affect its usefulness for domestic and
industrial purposes. Usable supplies of deep ground water under present conditions
are found in all parts of the basin except the lower portion, while surface and alluvial

ground water are uvailable only in streom valleys. With regard to the quantity
available, surface water from the major streams provides the largest amount at a
single location, followed by alluvial and deep ground water. The three sources con
be ranked differently according to various quality criteria: (1) turbidity -- ground
water is preferable because of lower turbidity, (2) temperature -- ground water ranks
highest beccuse of its relatively constont. temperature, (3) hardness -- surface water
is preferred because it is generally less hard. Alluvial ground water is intermediate
to the other two on the basis of all three of the above criteria, since it is generally
comprised of a mix of waters of the other two types.

The quality of the water supply varies from area fo area within the basin.
Based on the limited data available, hardness of the ground water in the Lead Belt
Area (the southeastern portion of the basin) varies between 50 ond 650 ppm (parts per
million); in the upper basin outside of the Lead Belt 4rea hardness varies between
approximately 100 ond 450 ppm.6 in the lower basin, based on even more limited
dota, hardness of the ground water is higher than in the upper basin. Where water
is withdrawn from alluvial materials adjocent to the Meramec River, its quality varies
more throughout the year than ground woter in the upper basin, since it is affected by
variations in surface water quality. Hardness of these waters has ranged between 270
ond 340 ppm. Surface water hardness, based on measurements at two points in the
lower basin (Fenton and Kirkwood) ranges between 150 and 200 ppm.7

With respect to iemperature, ground water varies only a few degrees throughout
the yoar, whereas surface water follows the variations in air temperatures, having a
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maximum temperature range of about 45 degrees. Turbidity of alluvial ground water

is generally less than 5 ppm in the lower basin and is relaiively conshnt.a Average
monthly turbidity of surface water in the same area, based on measurements at o
single point over a seven year period (1940-1946), varies from about 40 ppm in
Janvary, to 170 ppm in June, with an average of about 90 ppm.9 (Instantaneous
turbidity measurements as high as 1,000 to 2,000 ppm have been recorded in the lower
ivieromec River.) It should be noted that the quantity and quality of surface water

are not now affected by any streamflow regulation in the basin,

The Meramec Basin: Municipal and Industrial Water Requirements

Water is used within the basin by municipalities for domestic and other uses
including commercial ond industrial, by industries directly, ond by individual house-
holds such as farmsteads or non-farm homes.

Population

The Meramec Basin is not heavily populated -- in foct, ports of it are among
the most sparsely populated sections of the eastern United States. About 200, 000
fo 240,000 persons are now living within the limits of the droinage bain.lo Those
ports of the basin not immediately adjocent to St. Louis (cutside the St. Louis Metro-
politen Area) account for about 140,000 persons, a density of less than 40 persons per
square mile. In this portion of the basin there are only 18 cities which had a population
of more than 1,000 at the time of the 1960 cm.” In the entire basin (including
those cities which make up o part of the St. Louis urbonized area) there are 30 cities
of more thon 1,000 population. These are listed in Table 1.

Rolla, with approximately 11,000 inhabitonts, is the only one of the 18 upper
basin cliies with a population greater than 5,000. (The population of Flat River, when
odded fo that of the cities which make up its contiguous urbon area, is almost 10,000.)
Seven cities, with some 15,000 inhabitants, comprise the Lead Belt in the southeastem
section of the basin. Six cities, comprising about 23,000 inhabitonts, are located along
on axis running from St. Louis to Rolla. All but Steelville are located on Highway 66
which follows the divide between the Bourbeuse and upper Meromec drainage areos.




Table 1
MERAMEC BASIN CITIES
POPULATION AND WATER SUPPLY CHARACTERISTICS

Populationa Owneg~
1950 1960 sh‘;} Source®

i o *‘ PR

o LOWER BASIN
A (St. Louis Area) Ballwin e 5,710 S S
i Des Peres 1,172 4,362 S S
i Ellisville 628 2,732 S S
14 Eureko d e 1,134 M G
i Kirkwood 18,640 29,421 M&S S&A
H Manchester e 2,021 S )
{ Pacific 1,985 2,795 M &
‘ 5 Sunset Hills d e 3,525 S S
i Town & Country 162 1,440 S S
8 Valley Park 2,95 3,452 M A
K i Vinchester 176 1,299 S S
!’ ' Fenton 207 1,059 S S
- UPPER BASIN
g & Lead Belt Bismark 1,244 1,237 L G
Bonne Terre 23,533 3,219 L G
Desloge 1,957 2,308 L G
3 Elvins 1,977 1,818 L G
Esther e 1,033 L G
[ Flat River 5,308 4,515 L G
k Leadwood 1,479 1,343 L G
Highway 66 Axis g
(St. Louis to Rolla) Rolla 9,354 11,132 M G
St. James 1,996 2,384 M G
Cuba 1,301 1,672 M G
Sullivan 3,019 4,098 M G
St. Clair 1,779 2,71 M G
Steelville 1,157 1,127 M G
Mighway 50 & 28 Axis
(Missouri-Bourbeuse Divide)Union d 2,917 3,937 M S
Owe?’sville 1,946 2,379 M G
Belle 906 1,016 M G
Other Potosi 2,359 2,805 M G
Salem 3,611 3,870 M G
Vibumum 53 590 ? G
%ram U.S. Bureou of Census, U.S. Census of Population, 1960.
b owNERsHIP SSOURCE OF SUPPLY
S = St. Lovis County Water Co. S = surface water
L = Leod Belt Water Co. G - ground water from bedrock oquifers
M = Municipal A - ground water from alluvial aquifers
91 ocated portly cutside the Bosin. ®Unincorporated area with less than 1,000

population in 1950,
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Three cities in the 1,000+ category, along with several smaller ones, are located
along the Bourbeuse-Missouri River divide. Rounding out the list are Salem in the
southwestem part of the basin, and ‘otosi, some 15 miles west of the Lead Belt
cities. »
Municipal water demands

All of the lower basin cities which are contiguous parts of the St. Louis urbanized
area cbtain their water from surface or alluvial sources. The other two lower basin
cities, Eureka and Pacific, depend upon ground water from bedrock aquifers. These
two cities, along with Valley Park and Kirkwood, have their own municipal water
systems; the others are supplied by the St. Louis County VWater Compony, a private
corporation. The St. Louis County Water Company cbtains some of its total water with=-
drawals directly from the ivieramec River; most of its supply from the Missouri River.
The city of Kirkwood cbtains the major portion of its supply from a radial -type well
running beneath the bed of the ivieramec River. Kirkwood also has o direct surfoce
water intoke which con be used to supplement the well yield when necessary. (In
addition Kirkwood currently purchases about one-eighth of its needs from the St. Louis
County Water Compony.) The city of Valley Park obtains ifs total supply from shallow
wells near the Meramec River.

in the upper basin only one city, Union, obtains its water from a surfoce source,
the Bourbeuse River. The municipal requirements of the other cities are met from
ground water. Outside of the Lead Belt, all of the upper basin cities are served by
municipally-owned systems. The Lead Belt cities utilize ground water pumped from the
mines and sold by the Lead Belt Water Company, a subsidiary of St. Joseph Lead Compony.

Most of these ogencies encounter little difficulty in obtaining all water needed
for municipal and industrial purposes. In fact there appear to be adequate supplies
for any anticipated population and industrial exponsion in the basin. Passible ex-
ceptions to the akove generalization are Rolla and St. Clair in the upper basin. Rol Ié,
in the headwaters, has eight wells in operction ot present. Indications suggest there
may be difficulty in finding locations for encugh additionol wells to supply the growing
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&x needs of the Rolla area. St. Clair is likewise encountering difficulty in meeting its
needs from local ground water supplies, due probably fo the decreased thickness of
' the Potosi formation in that area. In both cases however, the potential maximum
1 : econamic yields from the relevant ground water basins are not known as yet, but it
i , is reasonably certain that with proper spacing of well fields, sufficient quantities of
ground water should be obtainable to satisfy the present and future needs of these
two cities, as well as the needs of the other cities in the upper basin.

Figure 2 shows the location of surface-water-using municipolities compared
with the pattern of sub=surface water availability in the United States. Within the
zene of ground wateravailability, practically no municipalities except large cities
(in the 100,000+ closs) moke use of surface water supplies. In most parts of the Meramec
Basin, the quantity of water available from underground sources is even larger than

il
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the minimum specified on Figure 2.

in the lower basin only the city of Kirkwood has experienced difficulty in
meeting water requirements in recent yeors, during a period in which demands have
grown rapidly. The difficulty however did not result from a shortage of available
water in the Meramec River, but rather from the inadequate intoke capacity of the
shallow wells tapping the supply, plus limited treatment plant capacity. Thus the
impact of the "drought” in the early 1950's has been over-rated by some. Since that
time Kirkwood, as noted above, has constructed a direct surface water intoke in the
river and an inter-connection with the system of the St. Louis County Water Company.
These sources are available to supplement the well yield when necessory.l
Industrial woter demands

While there is some present requirement for water for industrial uses in the basin
proper, it Is of limited magnitude. Most of the manufacturing industries presently
located in the basin have relatively modest water requirements which are generally
supplied by municipal water systems. No heavy water-using industries such as oil
refining, steel manufacturing, pulp ond poper manufacturing or steam power plants,
are located within the basin. » Mining is the major industrial water-user, the
water requirements for which are met from ground water and supplied by the mining

FISAE




Figure 2

* THE PATTERN OF SURFACE-WATER-USING MUNICIPALITIES IN THE UNITED STATES
: COMPARED WITH THE PATTERN OF SUB-SURFACE WATER AVAILABILITY
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Dots indicate location of surface-water-using municipalities.
Shading indicates areas where ground water is available in
quantities adequate to constitute a supply of fresh water for
a town of about 1,000 inhabitants (water containing less
than 2,000 parts per million of disolved solids at rates
exceeding approximately 72,000 gallons per day). In most
of the Meramec Basin, even larger amounts of ground water
are available.

Source: John R. Borchert, "The Surface Water Supply of American Municipalities.
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companies' own systems. Sand and gravel operations are also important in the basin,
but, as with mining, most of the water withdrown is retumed to streams or ground

water basins in the area from which it is withdrawn. Water quality degradation is

the major problem with respect to both mining and sand and gravel operations. However,
with the exception of a few sand and gravel operations, the situation appears to be
under confrol. Considerable growth in mining operations is expected in the basin

over the next 40 years. All indications are that the water requirements for industry

and mining con be met by development of local ground and surface water.

Water demands of individual households

Water for the use of individual households is supplied by ground water generally
from shallow wells tapping unconfined, non-alluvial aquifers. In the upper basin
little difficulty is experienced in cbtaining enough water by ths neans. Even under
drought conditions, only the very shallow wells are affected. Under nomal economic
conditions, farmers should be able to "afford fo tap aquifers of a depth necessary to
insure o year around supply despite dmuohh.“'s Stock~watering needs are met from
wells, form ponds, surfoce streams, or some combination of these sources.

In the lower basin, where density of dwelling units is generally higher ond the
deep ground water is more highly mineralized, individual households ore already
experiencing difficulties in cbtaining water. These difficulties are expected to in-
crease with increasing population. Follution of the shollow oquifers has been added
to the problems of quontity and mineral quality in parts of this area.

Estimates of the population living within the various political subdivisions of
the Meramec Basin in 1960 are given in Toble 2.'® Column 1 shows the estimated
1960 population; column 2, the medion projected population for the year 2000, based
on past trends and other factors (particularly proximity to St. Louis and the advent of
new mining); columns 3 and 4 show the estimated annual water requirements for the
year 2000 based upon the population estimates contained in column 2. According
fo Thomos R. Beveridge, Missouri State Geologist, these requirements could be met,
without difficulty, from proper development of ground water resources =~ with the
exception of the requirements of Jefferson County (particularly the northern portion)




Table 2

MERAMEC BASIN COUNTIES AND MAJOR TCWNS
ESTIMATED POPULATION AND WATER DEMAND

- | - POPULATION® WATER DEMAND
¥ il ks Estimated Million Gallons
1960 2000 Acre~Feat ?ar Day
Crawford 12.5 25 5,000 3.5
Bourbon .8 3 600 .42
Cuba 1.7 5 1,000 |
Staalville .l 5 1,000 7
Dent 9.0 12 2,400 1.68
em 3.9 10 2,000 1.4
Franklin 26.0 75 15,000 10.5
Sullivan (also Crawford Co.) 4.1 20 4,000 2.2
3t. Clair 2.7, 10 2,000 1.4
Pacific-Grey Summit 2.8 10 2,000 1.4
Union 3.9 15 3,000 2.1
Gasconade 2.5 3 1,500% .42
“Owensville (portly outside Basin) 2.4 5 1,000 e |
Iron 1.5 5 1,000 o
Vibumum .6 3 6,600 .42
Jafforson’ 2  200-300 50,000 35
Part 200 40,000 28
Hillsboro (partly outside Basin) 5 15 3,000 2.1
Cedor Hill 15 3,000 2.1
M.aries 2 2 400 .28
Phal 20 35 7,000 4.9 ‘
dic (partly outside Basin) n.1 20 4,000 2.8
3t. James 2.4 5 1,000 .7
5., Reynolds N negligible = = = = = = =
3. F is 25 25 5,000 3.5
T T e Rinns Some el acbusie 7.7 25 5,000 3.5
st. Louis County® ®0-00  20-00 50,000 35
Washington 14.1 20 4,000 2.8
otosi 2.8 5 1,000 7 *
91960 population of towns for city limits only, generally 30-60% less than actual built-up area,
from U.3.Census of Population, 1960, Population estimatas for 2000 cover whole built-up area.
Estimates are median projection, adjusted for proximity to 5t.Lovis and advent of new mining.
hP«m’;ific: only.
“The City of Union and portions of t. Lovis County ara prasontly supplied by surfaca water. :
All others rely on ground watar. :

9rhe whole of northern Jeffarson Sounty is estimated to have suburbon or semi-sukuban density
by 2000 os far as Hillsboro and Cedor Hill. All of 5t.Louis <o. to have sububan density by 2000

Flot River and Bonna Terra only.
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and St. Louis County. The characteristics of the ground water of this area are des~
cribed on the map, wNiissouri Water Resources, o as "Limited yields of fresh water
ot depths up to 500 feet. Salty or sulphurous water at greater depths dependent
upon location.” When the population density of this area has increased so as to
approach that of present-day suburbon areas, the residents will be forced to depend
upon surface water supplies to meet the demoand (barring unexpected breakthroughs
in the costs of demineralizing brackish waters). This demand could be met by expansion
of the territory served by the St. Louis County Vvater Company, or by the fomation of
one or more public or private companies to distribute waters token from the Vieramec
Basin or the Mississippi=iviissouri system. These problems are treated in more detail
in the section describing St. Louis orea water needs.
Passible water supply benefits from major impoundments

Water supply is not a major problem anywhere in the Meramec Basin at the
present time. It is extremely unlikely that changes faking place within the next 40
years will produce any large-scale water supply problems in the upper basin. During
this period changes in the lower basin, caused by the further expansion of the St. Louis
urbanized area info this section, will probably result in some problems.

Water-supply benefits to be derived from the construction of reservoirs on the
major streams in the ileramec Basin appeor o be extremely limited for the upper
basin == perhops nonexistent. So long as ground water continues to yield an adezuate
supply there seems to be little reason for utilizing waters directly or indirectly from
any impoundments, considering the distance over which this water would have to be
fransported. Steelville, Union, and the Lead Belt cities are the only sizeable cities
in the upper basin located within two miles of mojor streams. ' If ground water should

prove inadequate in some places considerstion should be given to, ond costs evaluated
for, alternatives other thon main-stem reservoirs. The cheapest altemative might
prove to be construction of smaller near-by reservoirs, solely or primarily for water
supply, or comstruction of a pipeline fo o surface water source ocutside the basin.

Fc- av~r:nia, the distenco from Union to the Misscur? River and from Rolla t5 tho
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Gasconade River is less than ten miles. Vvhile such distances may be beyond the
realm of economic feasibility for these towns, the fact remains that they ccmpare
favorably to the distances involved in directly tapping potential main-stem reservoirs.

Ground water quality in the upper basin is sufficiently high for most purposes.
Only a minimum of treatment is required == in most municipalities ireatment is
limited to chlorination and softening. The major water quality problems stem from
hardness.

Improvement in this last mentioned aspect of water quality, hardness, has been
suggested as a possible source of benefit in the upper basin. As noted previously,
ground water hardness varies between 100 and 650 parts per million in the upper
bosin (practically all areas outside the Lead Belt average less than 300 ppm). Sur-
foce water hardness in the basin has been measured systematically at only two places --
both in the lower basin. On the basis of these records (1940-1946) surface water
hardness appears to vary between 60 and 280 parts per million and averages 185 paris
per million at the Kirkwood water plant. Hardness can be reduced by impoundment
in two ways: {1) dilution by peak discharges which have generally lower hardness,
and (2) photosynthetic carbonate precipitation. " The first would probably result
in a reduciion in average hardness from 185 to about 175 ppm. The effect of the
second is more difficult to evaluate because of limited data -~ however, bosed on
experience at reservoirs on the Miissouri River, o further reduction of 5-10 ppm (to
165-170 ppm) seems to be approximately the magnitude of change which could be
oxpocfed.zo The hardness of water withdrawn from a ivleramec reservoir, therefore,
would probably 'be in the 150~175 ppm range. A comparison with ground water having
a hardness of about 300 ppm inclicates that the substitution of reservoir water for
ground water might well mean a reduetion in *he hardness on the arder of 100~200 ppm
of raw water available to municipalities. Whether the ensuing reduction in the costs
of treating water for hardness would be sufficient to balance the increase in other
treatment cosis and transmission costs is o question which would require further study .
However, at the present time, persons most familiar with the municipa! victer supply

situation in this area do not feel that any savings in municipal water costs are likely

to be realized as a result of reservoir construction.
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Considering the available altematives, the expense of transporting water by
pipeline for even a few miles becomes o limiting factor to utilizing water directly
from multi-purpose reservoirs. If, however, the stream channel itself can be used
s a natural aqueduct to transport the water from reservoirs to the point of demand,
transportation costs would be non-existent. Two upper basin cities, Union and
St. Clair, along with all of the listed lower basin cities might be physically in a
pasition to benefit from such increases in the dependable supply of water available
from the river. However, in order for there to be any economic benefit to these two
cities from such increases, it would be necessary to show that existing actual or
potential sources of supply are inadequate. Such is not the case. At Union, the
lowest streamflow recorded during the period of record (1921 to 1958) is 11 cfs (7 mgd).
This is well in excess of the average doily withdrawals of the city of Union in 1958 --
0.44 cfs (0.28 mgd). It is difficult to imagine a serious water shortage arising at
Union. Mention has been made previously of the difficulty encountered by the city
of St. Clair in obtaining sufficient quantities of ground water to meet its requirements.
If this problem should prove insurmountable, as appears most unlikely, it might prove
feasible to look to surface sources. In the nearest major stream, the Meromec, mini-
mum flows are in excess of 131 cfs (84 mgd).m St, Clair's present withdrawals are
less than 0.1 mgd. There is absolutely no need to increase the minimum quantities
of surfoce water available to St. Clair.

In the lower basin the present withdrawals from the Mieramec River for municipal
and industrial uses (exclusive of sand and gravel operations) probably fotal around
25 mgd on the moximum day. This represents about 20% of the minimum recorded

daily flow of the Meramec ot Eureka. Thus it is obvious that considerable potential
exists for expansion of withdrawals from the river and from the adjacent alluviol
materials recharged by the river, even without regulation of sﬂmﬂm.zz What
regulation might well accomplish however, would be an improvement in the average

quality of the water with a corresponding reduction in treatment costs for the municipol
ond industrial users.
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The St. Louis Area: Vvater Supplies

The water supply picture in the St. Louis area differs substantially from that
within the \leromec Basin. The area under consideration (primarily the St. Louis
urbonized area) is considerably smaller, and more uniformly built up == resulting
in less variation of both supply and demand from place to place within this area.
(For example; there are no sizeable areas of practically zero demand such as exist
in the Meramec Basin, and no areas more than ten miles removed from a large source
of surface water.)

Cround water from bedrock aquifers

No part of the St. Louis area is as well off as most parts of the Meromec Basin
with regard to supplies of ground water from bedrock formations. The yield from deep
aquifers in this region is generally lower, and the quality almost invariably poorer,
as one proceeds from the older strata of the central part of the Ozark Dome toward
the younger strata to the north and east. Cround water from these aquifers in the
St. Louis area is too highly mineralized for most uses. At the present time its primary
use is in some swimming pools and health clubs. Cround water yields from shallow
bedrock formations or from unconsolidated wind=blown soil deposits (loess) are usable
by isolated households or establishmenis but are not sufficient to meet the demonds
of even moderately intense urban development. Pollution of these shallow oquifers
from septic tanks is tending to reduce further the already limited usefulness of this
source of supply. Ground water from non-olluvial sources is not now an important
source of water in the St. Louis area, and does not appear likely to gain in importance.
Surface water

The St. Louis area is porticularly well situated with regard to supplies of surface
water. The flow of the iississippi River at St. Louis represents the combined drainage
of the Missouri-Upper Mississippi System == an area of approximately 700,000

square miles. The iviissouri River is utilized especially to supply the needs of St. Louis
County. The ivississippi below its confluence with the Missouri is the primary source
of supply for the cities and industries of St. Louis and its lllinois suburbs. The average
doily flow of the Missouri River at Hermmann, Missouri for the period 1898-19582 s
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was 51,600 mgd and the recorded minimum doily flow 2,720 mgd. For the Mississippi
at St. Lovis (which includes the flow of the Missouri), the average flow for the period
1851-1958 was 113,000 mgd and the recorded minimum dsily flow 11,600 mgd. 2%
The largest amounts of water are available in the late spring; the smallest amounts
in autumn ond winter. (See Figure 3).
Ground water from alluvial deposits

Supplies of olluvial water in the St. Louis orea are likewise abundant. The
floodplains of the Missouri and Mississippi are wider thon thot of the Meramec and
provide a large area over which abundant supplies of water can be cbtained from
shollow wells. These areas are shown in Figure 4. The lorge area on the Illinols
side of the Mississippi is the Americon Bottoms. On the Missouri side, the Alton Loke
Bottoms occupy a fairly large area north of the Missouri River; the Missouri Valley
Bottoms and Columbia Bottoms occupy smaller areos south of the Missouri River
(ond the Meramec River Bottoms produces o narrow ribbon of alluvial materiol ot
the south end of St. Louis County). In ports of the floodplain farthest removed from
the river, recharge of these underground supplies is primarily from precipitation.
Closer to the river, infiltration from the stream itself is o major source of roclmgo.zs

Detailed data on the alluvial water resources are available only for the
American Bottoms om:.26 However, enough infomation is availabie to suggest that
potential yields of alluvial water in the St. Louis area is much larger than present
alluvial water withdrawals .
Water supply choracteristics

The qualiiy of both the alluvial water and surface water resources in the St.
Louls orea, while not of the highest, is adequate for a few uses without treatment
and for all uses with treatment. During o ten yeor period (1940-1949), doily hardness
of the Missouri River at the Howard Bend plant of the city of St. Louls ronged from
82 1o 326 ppm with an averoge of 190 ppm and turbidity from 18 %o 9,300 ppm with
on average of 1,670 ppm. Water temperatures in general were slightly lower than
those of the Meramec River ot Eureka.
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For the Mississippi River at St. Louis, based on the same ten years of record
ot the East St. Lobis Water Company plant, hardness averaged 183 ppm and turbidity
292 ppm. Hardness at the Chain of Rocks plant of the city of St. Louis, for the some
period averaged 188 ppm and turbidity 1325 ppm. Both hardness and turbidity
fluctuate more widely than at the East St. Lovis plant. Figures are not available
for medion turbidity during the some period. However, o two-year record (1949-1950)
indicates o median turbidity of about 300 ppm at the East St. Lovis plant, and about
1000 ppm ot the Chain of Rocks=St. Lovis plant =~ figures not greatly different from
the meon figures given above.

The quality of alluvial water in the American Bottoms area varies widely.
Available dafa indicate hardness ranging from 157 ppm to more than 2980 ppm. In
oddition, troublesome quantities of iron are generally found in the aliuvial water.27
Data for the Missouri Valley Bottoms area are very limited, but the quality of the
alluvial water in the area probably varies os much as in the American Bottoms area.

The above discussion, while not a detailed description of the water resources
of the St. Louis area, does provide a general picture of the quontity ond quality of
these resources.

The St. Lovis Area: Municipal ond Industrial Water Requirements

The great bulk of the present industrial and municipal water requirements in the
St. Louls area is met by direct withdrawals from the Missouri and Mississippi rivers
ond by withdrawals from the alluvial materials adjacent to those rivers. In analyzing
the potential of the water resources of the Meramec Basin for meeting future require-
ments of this area, the availability and costs of altemative sources of supply must
be assessed.

Withdrawals

Municipal and industrial water requirements are met by public ogencies and by
the focilities of individual industrial users. Some industries utilize both sources,
purchasing some portion of their requirements from public water agencies and supplying
the remainder from their own facilities. The major withdrowals in the St. Louis area
are shown in Table 3,28
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B Table 3

f § MAJOR INDUSTRIAL AND MUNICIPAL WATER WITHD?AWALS IIN THE ST. LOUIS AREA
| (Million gallons per day =~ average)
1 8 Searey” Bi-State’ ;
PUBLIC WATER AGENCIES (1950) (1954) (1960°)
| & SURFACE d
| § City of St. Louis 157 150 180
W B St. Louis County Water Co. 27.2 2 &
i & East St. Lovis & Interurban Water Co. 29.5 29 30
i B City of Alton, Il 6.7 6.8 7
R City of St. Cler! -, Mo. 1.3 1.2 1
j ‘; Other lllinois (non~Mississippi sources) 1. |
1 § Total 221.7 210.1 273
i GROUND
1§ Kirkwood and Valley Park, Mio. 14 . !
g % HHlinols Communities 4.3(7) 3.1 12) 4
i 8 Total 5.7 5.0 6
: SELF-SUPPLIED INCUSTKIAL

! £ SURFACE h {
{ § Union Electric Co. 950° . %40 . 1,200
i & Other industrial 20-2714) 45(3) 50

GROUNGC (ol in ilinois) 20(2)" soi3fl 90

Total Industrial not
Union Electric Co. 48-55 125 140

“Token from J. K. Searcy, etal., Wotar Resowees of the St. Louis Area, U.S.G.S.
Cirevlar No. 216, p. 52, e T A AT i

Baken primarily from Bi-Stote Cevelopment Agency, Misshsipe Kiver Water Pollution
lnves "um”)', p':? 28-32. Supplemented by anmﬁm

cs in the Industrial Development of the St. Louis Region (St. I.ov;ls:
Washington University Graduote School of Business Administration, no date), p. 3.

“Our own estimatos nless otherwise stated. Figures rounded 1o the nearest million gallons.
‘Donebhhoddlmﬂyﬁahw concemed.
®Apparently an error. Correct figure for 1954 s cbout 43 mgd.
Figure in brackots is the number of communities or indusiries represented. |
Oincludes the following plants: Ashley St., Cahokia, Venice Nos. 1 & 2, and Mound St.
Pincludes the plants in item g plus the Meramec Plont, Unifs | & 2.

Yincludes the rlents in Ttem g plus the Meramee Plont, Unin 1, 2, 3, & 4.

‘GMQ;&:::«M. nineteen esach pump an average of more thon one
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The total estimated withdrawals in 1960 are slightly more than 1600 mgd.
Approximately 75% of this total is withdrawn by the several plants of Union Electric
Company for cooling purposes. Of the remaining 25%, about one~third is withdrawn
directly by industries for various purposes, and the rest by public water systems for
domestic ond industriol purposes. Only o small portion of the water withdrawn is
actually “consumed”. The remainder is retumed to the Mississippi River ofter use.
Sources of supply

Most of the water supply of the St. Louis area is taken from the Mississippi and
Missouri rivers. All of the water used for condenser cooling of steom=-powered electric
generating plants comes from the Mississippi. Similarly, most of the water used for
industrial purposes comes from the Mississippi or from the alluvial materials which
border it. The Eost St. Louis and Interurban Water Company, which supplies much
of the lllinois part of the metropoliton area, obtains its water from the Mississippi.
The city of St. Louis obtains about two=thirds of its water from the Mississippi, and
the rest from the Missouri. The St. Lovis County Water Compony obtains most of its
water from two Missouri River plants. The remainder comes from the Meromec. The
cities of Kirkwood and Valley Park also cbtain their water from the Meromec or the
alluviol materials bordering it. |
Capability of the Mississippi River fo meet demonds

Since more than 90% of the withdrawals in the St. Louis area are from the
Mississippi, ond since most of the area not supplied by this source is near enough to
be supplied if necessary, the relation of the St. Louis area demand to the supply
ovailable from the Mississippi River will be examined in more detail .

The doto contained in Table 3 reflect average water withdrowals. In relation
fo the averoge streamflow of the Mississippi ot St. Louis, i.e., 113,000 mgd, the total
withdrawal in 1960 represents between 1% and 2%.

Averoge daily withdrawals do not, of course, indicate the maximum demand
ploced on the water resources of the river. Nor does the average daily streamflow
indicate the minimum conditions of supply. For the Mississippi River ot St. Lovis the
minimum daily flow is 11,600 mgd, on December 2123, 18563, With respect to this
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minimum recorded daily flow, the total withdrowal is about 14%. Assuming, for
illustrative purposes, a maximum demand equal to 150% of the average demand, or
about 2,430 mgd, this represents approximately 21% of the minimum recorded flow
of the Mississippi River at St. Louis.

There is little likelihood, however, that the day of maximum water demand
would coincide with the day of minimum streamflow =-- in fact, it is very nearly
impossible. The minimum recorded daily flow occurred in December. Maximum
demands in the St. Louis area, on the other hond, usually occur during July ond
August. In the 25 years of record since 1933, the lowest daily streamflow recorded
on the Mississippi River at St. Louis during the four months of peck water demand,

June, July, August and September, was 39,700 cfs (25,600 mgd) on August 28, 1936,
This represents about ten times the peak daily demand in 1960. Average daily flows
less than 50,000 cfs (32,000 mgd) were registered only about 2% of the time. No
daily flow less than 50,000 cfs (32, 000 mgd) has been recorded since |940.3°

The seasonal distribution of both supply (streamflow) and demand (withdrawals)
is shown in Figure 5.31 Line Am depicts minimum recorded monthly flows; line Ad,
the minimum daily flow recorded during those months; line Ba, the present mean annual
rate of water withdrawal; line Bm, the present mean monthly rate of withdrawal based

on the assumption that the total St. Louis area demand fluctuates in the same manner

os the average monthly withdrawals of the St. Louis County Water Company; ond

line Bd, the present peak daily rate of withdrawal ollowing the shape of the curve

fo be determined by the St. Louis County Water Company data and the amplitude of

the fluctuation to be controlled by data from the City of St. Louis Water Depariment
with respect to the difference between averoge onnual demands and peak daily demands.
Anmgomonﬂ\lydmnddurhghlyandAmtwmfwndtooxc«dfhoovomo |
onnual demand by 25%-30%. Water demand on the peak day was found o exceed

mml demand by amounts ranging from 30% o almost 60% (ond averaging
about M)

The most readily available (ond in some cases, the only) data on the seasonal
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minimum monthly flows, average monthly withdrawals, etc. The use of these data
would be satisfactory for comparison of supply and demand if it were possible to
average out variations in supply by means of storage facilities sufficient to handle
the increment of demand over supply for those periods during which short-term
demond is above the monthly average, or short=term supply is below the monthly
average (or both). Storage facilities of this size are not now available in the St. Louis
area. The water storage facilities of the city of St. Louis (including both filtered
water and water in the process of treatment) are equal to two times the peak daily
demanJ. Those of the St. Louis County Water Company are considerably less. In
other words, the criticel period for consideration of the supply of water is less than
one month, but more than one day -~ probably on the order of several days to one
week. This should be kept in mind in this discussion in which monthly and, in some
cases, daily figures were used because these were the only ones available.

On the basis of these estimates of seasonal fluctuation of demand, the total
demand which can be met with the available supply in the absence of storage facilities
can be derived by graphically increasing the demand until some part of the curve
depicting demand intercepts part of the curve depicting supply (Figure 5). This is
shown in line Dm. When the meon annual rate of water withdrawal in the St. Lovis
orea (line Da) reaches 21,000 mgd (32,500 cfs), the withdrawols during the months
of August, September, October and Cecember will coincide approximately with the
minimum mean monthly flow recorded for the Mississippi River at St. Louis during
those months since 1861. Other months would have a surplus over needs which range
from 20% (January) to 200% (April). Comparison with the present rate of withdrawals
for all purposes in the St. Louis area (1,620 mgd) shows demand to be less than 8%
of the maximum which could be satisfied without storage (21,000 mgd),>* Comparison '

with the present rate of withdrawals by organizations other than Union Electric Com=
pany (340 mgd) shows demand to be about 1.6% of the maximum which could be
satisfied without storage.

An analysis of water demands as compared with minimum daily flows (Ad) is
more difficult becouse of the lack of data. However, on the basis of available dota,
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it appears that December (with a minimum recorded daily flow 11,600 mgd) is the
critical month. Since peak daily demand (Cm) in that month is slightly above the
average doily demand for the year (Ca), an average demand of about 10, 000 mgd
can be handled without storage and without undue difficulty. (See Figure 5.)
Present withdrawals for all purposes in the St. Louis area (1,620 mgd) are about

16% of this amount; withdrawals other than those of Union Electric Company are
slightly more than 3% of this omount. For reasons pointed out previously, the most
logical time period to consider is less than a month but more than o day. The most
reasonable estimate of the relationship of present total demands to total supply is

on the order of 8% (monthly data) to 16% (daily data) depending on the period used.

Copobility of the iniissouri Kiver to meet demands

With respect to the Missouri Kiver as a source of supply for the St. Louis area
the situation is similar. Withdrawals from the iviissouri River in 1960 in the St. Louis
area ond in St. Charles ond vicinity, totaled less than 100 mgd. The average daily
discharge of the iv.issouri kiver at Hermann, wviissouri is 51,600 mgd. The minimum
daily flow recorded since 1928 is 2,720 mgd, the latter occurring January 10-12,
1940. The total withdrawals from the ivissouri River for municipal and industrial
purposes then represent less than 1% of the average daily flow and less thon 4% of
the recorded minimum daily flow.

Additional flows from the v.eramec are available and are utilized, but they
moke up only a small portion of the amount available from the iv.ississippi-Missouri

system. (See Figure 3.)

Effect of streomflow regulation

The preceding comparisons are based on existing streamflow records and there-
fore reflect only past conditions. The construction of streamflow regulating works
on the upper reaches of this river system con result in a changed streom regimen.
Such a system of regulating works has been proposed for the iviissouri, and is alreody
well on the way toward completion. The completed system will consist of six major
reservoirs with a combined capacity of about 75 million acre-feet on the main stem




RS S—

29

of the Misscurl, and a lorge number of smoller reservoirs on numercus tributaries. >
Fort Peck Reservoir was completed in (938, four others were placed in operotion
during the ‘50's, and the remaining ane will be completed during the early '60's.
Water s stored in these reservoin during the late winter, spring, and eorly summer
fo be released for irrigation and power production, and fo maintain minimum flows
downstream for navigation and for dilution purposes during nommally low=water
periods. Although same of the wator diverted for irrigation Is lost through evapora-
tion and transpiration, much of it ks retlumed to the river through seepoge. The
navigation releases will cbviously help to ralse the minimum flows during the nav-
igation season. It has been estimated that during the drought years of the middie
'50's, as much os holf of the total streamflow of the Mississippi ot St. Louls dur~
ing the months of September and Octcber was attributable fo relecses from the
Missouri reservoirs. X As pointed out previously, since 1940 no doily flow less
than 50,000 cfs has been recorded on the Mississipp! River at St. Louls during

the May to September period.

Ro-we
it should be emphasized thot the major portion of the withdrowals for municipol

end industriol uses is non~consumptive. On the order of 99% of the wetes withdrawn
for cooling purposes ks retumed 1o streamse  About 90% of the municipel withdrawel
b likewise retumed 1o streams and ground water basine and hence ks ovatleble for
further wse. For industrial uses other than eooling, the retum flows vory, but
generally they ore between £5% and 95% of the withdrawols, The basically none
sonsumptive nature of municipal and Industrial demands mecns that the retum flows
@ve available for re-use by organizations downstream == both withia the $t, Louls
ereo and beyond. How significant these retum flows will be depends upon the polnt
ot which the withdrowals ore made in relation to the polnts of retum Bow. These
are not always sosy 1o determine. From the best avallable source of Informetion am
$t. Louis aren water supply and pollution problems, . estimetes have been ebiained
for the average amount of effluent discharged from the major cutfall sewers In the
$¢. Lovis orea in 1952, as well as for the water withdrowals. From these date, @
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i fi graph has been prepared showing the cumulative effect of major surface water

: withdrawals and retums -- those averaging more than 5 mgd. (See Figure 6.)
The situation in 1952, as reflected by these data, is indicated by the upper dashed
line. One immediate observation is that return flows are greater than surface
woter withdrawals: the amount of surface water available downstream from St.
Louis after all of the area users have been satisfied is grecter than the amount
ovailable upstream before any users in the area have made withdrawals. This
effect might be due to (1) inaccurate estimates of withdrawals, (2) measurement

of return flow during periods which were not typical of the whole year, (3) con-
tributions to return flow of water withdrawn from the alluvial materials of the
American Bottoms which is then discharged into the sewers after being used for
industrial purposes, i (4) inflows resulting from local precipitation, (5) water
withdrawn from the vieramec River but returned to sewers emptying into the
Missouri or Mississippi, and (6) some combination of the preceding.39 Assume,
for the purposes of argument, that reasons (3), (4), and (5) account for none of
the discrepancy. Figure 6 would then have to be adjusted for errors of estimation
or measurement. The lower (short dashed) line in Figure 6 shows withdrawals and
returns, using 1960 estimates for withdrawals, and adjusting retumns from outfall
sewers to equal 90% of the total surface water withdrawals (other than those of Union

o

£ Electric Company). This line depicting the balance between average withdrawals
~=§ and retums at any point along the river, nowhere dips below =700 mgd. Therefore,
a flow of 700 mgd would be sufficient to provide for all the uses of the St. Lovis
area (except navigation). Under such conditions, however, without sufficient flow
fo provide the desired dilution water, the water downstream from the outfall sewers
would be of extremely poor quality, assuming present lack of treatment facilities.
Fortunately, for those uses in which water quality (other than temperature) is im-

porfont, a large portion of the withdrawals are made above the point of any major

source of waste discharge, and the major remaining withdrawals are made in the
reach which is affected by only the sewers of Alton and Wood River == which
contribute only about 10% of the total sewage flow, ond a smaller proportion of the
fotal pollutum.‘o
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This figure of 700 mgd total requirements means that a flow of water equal fo some-
what less than half of the total withdrawals (1,620 mgd) would be sufficient to sotisfy
the water needs of the St. Louis area on thc average. The percentages (of peck demands
to minimum flows) used in the previous analysis shoulc therefore be reduced accordingly .
Lsing the figure of 700 mgd for total water requirements in the St. Louis area, a com-

parison with the critical monthly flow (21, 000 mgd) and the critical daily flow (10,000 mgd)
indicates that present requirements are between 3% and 7% of the critical minimum

flows. Stated another way, St. Louis area water requirements could be increased
15 to 30 times without incurring shorfoges even at the critical periods (based on
post records). When account is taken also of the effects of streamflow regulation
on the critical flows of the Mississippi River at St. Lovis, still greater increases
are possible. If, as appears likely, the amount of water available during critical
periods is roughly doubled because of streamflow regulation, the non-navigational
water requirements of the St. Louis area could be on the order of 50 times os greot
as present requirements without exceeding the available supply even at the critical
periods. |

Based on the previous data, it appears cbvious that the water resources avail=-
able in the St. Lovis area are quantitatively adequote to meet a vost expansion in :
industrial ond municipol demands. As the Geological Survey hos stated, “The
surface water supply available to the area far exceeds the requirements for any
foreseacble industrial expansion. !
Quality

What is more of a problem in the area than water quantity is water quality.
In 0 survey of manufacturing ploants in the St. 'Louis area conducted by the Con-
servation Foundation and the National Association of Monufacturers about fen years
ago, 40% of the plants responding said that pollution in the St. Louis area was
moderate or ufious.‘z Since that time little change has token ploace in the
sitvation. The impact of water quality on municipal end industrial water demands
is reflected in the costs of making the quality of the water adequate for the various
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purposes for which it is to be used. Almost all water supplies in the St. Louis area,
except those used for cooling, are treated before use, whether the source is surface
or ground water. Since surface water for industries is available in large quontities
from the rivers at zero cost at their intakes, the cost of self-supplied industrial
water consists only of treatment costs. Likewise the cost of surface water at the
intokes of the plants of the ¢ity of St. Louis, the St. Lovis County Water Company,
ond the East St. Lovis and Interurban Vvater Company is zero.“3 The cost of water
supplied to customers in 12 large U. S. cities in the late 1950's is shown in Table 4 .
St. Louis is neor the top of the list. Only three large cities, Clevelond, Chicago,
and Detroit, (all located on the Great Lakes) had cheaper water rates. Although
St. Louis water rates have increased since this list was compiled, so have the rates
of several other cities -- the relative order remains approximately the mc.“
Cost of supplies from ground and alluvial water sources varies with the depth to
waiar, aquifer productivity, quality of the water, and the desired degree of treat-
ment. According to the St. Louis Chamber of Commerce, ” "o reliable estimate for
pumping, aerating, filtering and chlorination ranges between three and four cents
per 1,000 gallons." These water costs, fo municipal and industrial users, are in line
with those in other major metropolitan areas.

From the foregoing it should be apparent that the water resources of the ivieramec
are sinall, quontitatively, in comparison to those of the near<by Missouri and iississippi
Rivers =~ the average daily flow of the Meromec being about 2% of that of the
Mississippi at St. Lovis. Nor is the quality of Meromec water significantly different
from that of the Missouri and Mississippi water from the standpoint of treatment costs.

In fact, the expense of treating V.eramec River water oppears to be slightly greater
-than that of treating Missouri or Mississippi water. Based on a rough estimate for

1960, Meromec River water costs about one dollar more for each million gallons

freated than does Missouri Kiver wcton“ Although the vieramec contains less sediment,

the sodiment is of o type more difficult to remove thon thot of the iissouri and

Mississippi. Similarly, the magnesium~type hardness of Meromec water is more \
difficu!t to remove than the calcium=type hardness of the other surfoce supplies. :

S g It o5
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Table 4

COMPARATIVE WATER RATES
1957 (?)

Annual Metered Water Bills in 12 Largest Cities for
Selected Volumes of Water = 5/8 Inch Meter

City 10,000 Cu. Ft. Rate, Is.
Cleveland $ 10.40 $ .138
Chicago 12.60 ° .158
Detroit 12.08 161
St. Louis 14.60 195
Philadelphia 14.70 .196
New York 15.00 .201
Washington ~15.08 .201
Boston 20.00 .266
Los Angeles .76 ° 289
Pittsburgh 28.92 .385
Boltimore 25.00 .333
Son Francisco 34.30 .456
IMiscellaneous sarvice charges included.

Source: Philadeiphia Bureau of Municipal Research, ]
] hl:d . pal Penneylvania Economy League
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Taste and odor problems, resulting from sanitary and biological water quality,
appear to be the major objection to Missouri and Mississippi waters. Improvements
in these aspects of water quality con be expected to result from the construction of
sewage and waste treatment facilities by the larger upstream cities and indumks.ﬂ
Thus, from neither a quantity nor from o quality standpoint does Meromec water have
any inherent advantage over the altemative sources, as far as meeting the industrial
and municipal demands in the St. Louis area is concemed.

Local requirements

However, the ieromec as a source of supply coes have advantages in relation
to local demands. The growth of the St. Louis urbonized area is predominantly
westward -- away from the Mississippi River. These newly built-up areas could
be supplied from the iv.ississippi, but because of the costs involved in transporting
water it may prove -- and already has proved -~ advantageous to look to other
sources of supply. To the northwest, where the most intensive development will
probably toke place because of the more level lond, St. Charles County and northem
St. Louis County can be supplied from the iissouri Kiver without difficulty. To the
southwest, hilly land limits the intensity of development. Parts of the two counties
involved (eastem Jefferson County and southeastem St. Louis County) are closer
fo the Mississippi than to the Meramec or any of its major tributaries, and could
probably be supplied most economically from the Mississippi. The western part of
Jefferson County ond the southwestem part of St. Louis County, however, lie lorgely
within the Meraomec Basin, and would probably find M.eromec water the most eco-
nomical source of supply. For example, the decision to locate the newest plont of
the St. Louis County VVater Company on the ivieramec was based on minimizing
distribution costs to customers of the company in the southern port of St. Lovis
County. As demands continue to increase in that portion of the St. Louls area and
in the lower ivieramec Basin, the economic advantages of the water resources of the
Meromec to serve those areas are likely to increase.

The population of this area might reach 500, 000 by the year 2000 (see
population estimates in Toble 2). Assuming on averoge demond of 140 gallons
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per person per day, a flow of 70 mgd would be required.*® It is this segment of
the St. Louis area water demand which might reasonably be met by .vieromec Basin
water. This possible average demand of 70 mgd approaches the limit of 127 mgd
set by the minimum recorded daily streamflow of the Nieromec at Eureka and sur-
posses the limit set by the "low-flow requirements” of the streom. Under conditions
of maximum demand the problem will be more critical. These difficulties, should
they arise, could be ameliorated by increasing the low flows of the Mieromec with
releases of woter impounded in upstreom reservoirs. The problem is discussed ot
greater length in the final section of this chapter.

Future trends

Although the besic data included in Table 3 refer to water withdrawals in the
St. Louis area for the early 19505, the additional withdrawals which are now occurring
in the areo would not alter the water supply picture significantly, either in terms
of the relative abundance of water in relation to demand or in terms of relative
costs of treating Meramec water compared fo Missouri and Mississippi water.

Gross water requirements for the city of St. Louis and St. Louis County water
systems combined have increased by approximately 50% during the past 20 years,
as shown on Figure 7. If this rate of increase were to continue for the next forty
years, the water requirements of these two systems would about double between now
ond the end of the century. However, the withdrawals by the city department and
the County Water Company comprise anly about 15% of the total water withdrawals
in the St. Louis area for all purposes. Assuming the same proportion were fo exist
ot the end of the century, tofal withdrawals in the St. Louis area would total slightly
more than 3,200 mgd. This would represent less than 3% of the average daily flc /
of the Mississippi River ot St. Louis and about 28% of the recorded minimum flow .
At this time there is no v.ay of knowing how valid is the assumption of doubling of
demand in the next forty years. Vvhat the above does show however, is that, even
with doubling or quadrupling of industrial and municipal water requirements in the
St. Louis area, there will be odequate supplies of water.

R —
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Figure 7
ANNUAL WATER WITHDRAWALS
of the
ST. LOUIS COUNTY WATER COMPANY
ond the

CITY OF ST. LOUIS WATER DEPARTMENT
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Woter Banofin In the Lower Meromee Ares

Municipal and industrial water requirements in the Meromec Basin

As indicated in the previous discussion, only in the lower Meramec Basin in
St. Louls ond northem Jefferson counties s there any pomibility of achleving water
supply benefits within the next half-century. This area, hereinafier referred to
s the Lower Meramec Water Service Arsa (LMWSA) Is defined as that portion of
the basin north and east of a line between Washington ond DeSoto.

The typicolly wed planning period of 50 yeors was adopted for the lnvestigation
of altemative water resources systems in the Meramec Basin. Estimates of population
were mode for various subearoas of the Merames Basin.*” The estimotes tock lnto
account prospective growth stemming from the growing St. Louis Metropolitan Area
and from current ond anticipated mining developments, potential recreation develop-
ments, and continued increase in light industry in the basin.

Water requirements for municipol ond industrial use == including domestic,
commercial, municipal, and light industry == were then estimated for each suborea
on the basis of per copito requirements. The fotal annual requirement in any given
year equaled the estimated population in the yeor multiplied by the astimated per caplta
fequiremeni in the year. The per copita requirement was assumed to increase linearly,
ot @ rate of one gollon per capita per doy (gpepd) eoclt pesr, from 100 gpepd in about
1970 to 140 gpcpd in about 2010. Per capito intake in clmest all towns in the basin
ls currently less thon 100 gpd (gollons per day), as indicated in Table 5. In rural
oreas, both farm and non-farm, the per capita daily intake currently averages les
thon holf of the 100 gpd figure.

The resulting estimates of municipal and industrial water requirements for the
Meramec Basin con be charocierized opproximately as medium estimates. It ks
doubtful if the unit intoke will reach 140 gpd over the 50-yeor pericd except perheps
in thet portion of the basin in metvopolitan St. Lovls.

Weter requicements in the LMWSA
The LMWSA s an erea into which metropoliten St. Lovls s expending, primerily
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: WATER WITHDRAWAL FOR CITIES IN AND ADJACENT TO MERAMEC BASIN, 1958

Population a s i .
4§ City County Served  SoUrce Withdrawn Withdrawals
(mod ) (gpd)°
& Cuba Crawford 960 G .08 83
B Steelville Crawford 1,150 G .057 49
i Salem Dent 2,760 C 165 60
¢ Gerold Franklin 500 C .025 50
L3 St. Clair Franklin 1,500 G .07 44
& Sulliven Franklin 3,100 G 16 52
Union Franklin 2,912 S .28 9
Pacific Franklin 1,690 G .05 30
Cedor Hill Jefferson 160 G .008 50
Hillsboro Jefferson 350 G .040 14
St. Lovis = County St. Lovis 600,000 S 47.8 80
Valley Park St. Lovis 3,000 i 2 67
Potosi Washington 2,450 G 12 4%
Eureka St. Lovis 1,500 G 4 270
St. Lovis = City 747,127 S 181.1 242
De Soto Jefferson 4,000 G .700 175
Crystal City Jefferson 4,000 G .283 n
Festus Jefferson 5,000 G .250 50
Herculaneum Jofferson 1,600 G .08 50
Pevely Jefferson 420 G .008 19
o 4 - ¢ S
G - ground water from bedrock equifers
A = ground water from alluvial aquifers
bcmd average in million gallons per day
“gollons per day

Source of doto: U.S. Geological Survey
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for residential use but also for some industrial use. In this orea the confined ground
water oquifers produce smaller yields than in the remainder of the basin, end are
relatively highly mineralized. In addition, the shallow unconfined aquifers in the
wrbonizing areas are increasingly subject to confamination. Hence, the LMWSA
will be dependent on surface water supplied to meet future water requirements for
municipal and industrial uses in the area.

By 2000 it is estimated that in the LVWSA a population of about 500, 000 will
require water along with the associated commercial, public, and light industrial
activities. Growth in population and in water requirements is expected to increase
more rapidly in the post-1980 period than in the pre~1980 period.

The St. Louis County Water Company, which currently provides water to
that portion of the LViWSA which already meets it municipal and industriol water
requirements from surface water, has definite plans for expansion of its water treat-
ment and distribution system. Currently the Mieromec Plant of the County Water
Company is operating about six months of the year. It is anticipated that the full
capacity of the pluii will be utilized within severol years.

The population to be served from the Meromec is shown in the table along with
the assumed per capita daily requirement, the average doily requirement, ond the
average roquirement in the maximum month. As indicated previously, the per copito
doily requirement is assumed to increase lineorly from 100 gpepd in 1970 to 140
gpepd in 2010. Population is assumed fo increase logarithmically.

Table 6
WATER REUIREN.ENTS IN THE LMWSA
Year Population Per Averoge Average
to be Served* Capite Annwal - Requirement in

(thousonds)  Requirement Requirement iviaximum Month
ged_ mgd mgd

1960 100 90 9 n.z
1970 -~ 150 100 15 19.5
1980 225 110 4.7 32.1
1990 330 120 39.6 51.5
2000 S00 130 65 84.5
2010 750 140 105 136.5

“Based on a logarithmic increase from 100 (1960) o 500 (2000)
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The average requirement in the maximum month is based on the monthly
distribution of withdrawals by the St. Lovis County Water Company for the peried,
1951 _”.50 The distribution by months in terms of percent of the averoge annuel
requirement Is shown in Table 7. The requirement in the maximum month, July, thus
represents about 130% of the average annual requirement and is the design capacity
assumed in the computation of benefits from meeting water requirements in the
LMWSA. Daily water requirements in excess of this copacity are assumed fo be
e met from storage in the distribution system.
Toble 7
MONTHLY WATER REWUIREMENTS IN THE LMWSA
! Month % of Average Annual Month % of Averoge Annual
3 Requirement Requirement
October 108 April 85
November 92 prom 98
‘ Decombsr 94 June 116
January 78 July 130
Februory 76 August 129
March 79 September 120

Senefits from meeting water requirements in the LMWSA
The estimated requirements for municipal and industrial water con be met

from any one or @ combination of altemative sources, one of which would be
releases from reservoirs in the Nieramec Basin. Releases would logically be made
info the existing streom chonnels from which withdrawals would be made in the
LMWSA, as is done ot present at the Meramec Piant of the St. Louis County Water
Campany. Although o reservoir on the Big River might have some slight locational
advantage in serving northem Jefferson County, it is assumed that that area could
also be served from the Meramec River. This assumption is reasonable, since the
County Water Company currently is supplying water from the Vieromec River to o
portion of northerr Jefferson County south of the Meramec River. While direct
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withdrowals from the Big River might result in lower distribution costs, withdrawals
from the Meramec River would have the advantage of economies of scale with
respect to water treatment costs.

In evaluating benefits which could be attributed to Meramec Basin reservoirs
in meeting water requirements, the cheapest alternative source of an equivalent
supply -- the some amount of water of the same quality with the some time dis~
fribution == was used os a measure of these benefits, in accord with traditional
proctice. For the LMWSA, the cheapest alternative source of water is ground water
from the alluvial materials along the lower Meramec River. However, there is an
upper limit to the amount of water available from this source under present conditions,
o rough estimate of the potentiol yield baing about 50 mgd.>!

In computing benefits using ground water as the alternative source, it is
assumed that the distribution system would be about the same as the distribution
system if water from Nieromec Basin reservoirs were the smm:c.52 Water treatment
costs for ground water should be significantly less thon those for Meromec River sur-
foce water. Ground water from the alluvial materials along the ivieromec River is
cooler and the temperature range throughout the year is less than that for surface
m.sa Turbidity of the ground water is virtually negligible. Bacteriological
quality of the ground water is much better than that of the surface water, even when
some portion of the ground water is actually induced nchame‘from the river. Hardness
tends to be somewhat higher for ground water. Najor freatment costs for surface water
stem from turbidity and sonitary quality problems. In combination, the various foctors
should result in lower treatment costs for the ground water. With respect to operating
costs, the pumping lift for grawnd water as a source is of course greater than the head
ogainst which the intoke pumps for o surface water source would operate. However,
the pumping lift for wells relatively close to the river is on the order of only 20 to
40 feet.

Without extensive analysis, it appears reasonable fo assume that the operating
cats -- differential pumping costs plus treatment costs for ground water compared
with treatment costs for surfoce water == are about equal . >*
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Cnce the capacity of the available ground water resources has been mchod,ss

another altemative source must be utilized. Two logical oltematives are availoble:
() single purpose woter supply reservoirs in the Meromec Basin, and (2) withdrawals
from the iissouri River. These altematives are illustrated in Figure 8. It appears
doubtful that a single purpose water supply reservoir in the Meramec Basin, such
os one at Meramec State Park on the main stem of the ieromec Kiver, could
provide water to the LMWSA at costs less than those involved in utilization of the
missouri River for three reasons. First, the St. Lovis County Vrater Company already
is serving a portion of the LIMWSA from the iviissouri River. Second, the Company
has sites for and hos already planned the expansion of its facilities utilizing the
Missouri River as a source of water. Third, the amount of water to be supplied o
the LMWSA fram the Missouri River would be only a portion of the total water require-
ments to be supplied from the Missouri River and hence the Missouri River intoke and
treatment facilities would have economies of scale compared to an installation on the
Meraomec River that would serve only the LMWSA. Therefore the Missouri River was
assumed fo be the second altemative source of water. The costs of obtaining water
fram this source were used as @ measure of the benefits which could be attributed
to M.eremac Bosin reservoirs from meeting the odditional water requirements in the
LAMWSA, over and above those supplied from ground water.

The water supply benefits with the Missouri River as the oltemative source
could be measured on o without ond with basis. The analysis would begin with o
system including the existing and definitely plonned facilities of the St. Louis County
Water Company. The water requirements fo e met over time would be those in excess
of the capacity of the ground water aquifer. Given those requirements, costs would be
computed for the mast economical system to meet the requirements without utilizing
the Mieromec River above the design capacity of the Meramec Plant of the County
Water Campony, i.e., depending solely on the Missouri River to meet the incremental
requirements. This system would be a configuration of intake ond treatment facilities,
tronsmission mains, distribution lines, storage fanks, and pumping stations. The time
stream of costs of such a system, including both capita! and operation, maintenance,
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ond replocement (O M & R), would represent the cost of water without the incremental
use of the Meromec River.

Taking the saome assumptions about magnitude and location of water require-
ments in the LMWSA, costs would be computed for the most economical system with
odditional use of the Nieramec River. Since the Meramec River is closer to the
LMWSA, presumably the most economical system would be achieved by utilization
of the water source closest to the area of use. This system would include the existing
and plonned facilities of the County Water Company plus whatever additions would be
necessary to meet the requirements -- a different configuration of intake ond treat-
ment facilities, tronsmission mains, distribution lines, and so on. The difference
between the time streoms of costs without using the iMeromec River as an incremental
source and with using the Meromec River as an incremental source, would be the time
stream of benefits ottributable to surfoce water reservoirs in the Mieromec Basin from
meeting water requirements in the LVIWSA. Implicit is the assumption on which the
County Water Company has based the design of its Meramec Plont, that is, 35 mgd
is the maximum permissible withdrawal from the iMeromec River without streamflow
augmentation. V

Specific water supply benefits
The cheapest altemative source of supply, ground water, was assumed to be

utilized first, up to the capacity of the alluvial materiols. As water requirements
grew over time, additional wells were assumed to be drilled as needed to meet the
requirements. Since freaiment costs were estimated to be equal for surface and ground
water, no benefits would accrue from using surface water released from reservoirs
rather than ground water. Therefore, no benefits are postulated until the capacity
of the presently available surface and ground water supplies is reached.

When the capacity of the ground water resources was reached, the incremental
water requirement fo be met was assumed to be obtained from the Missouri River. To

- obtain specific figures for the cost of the missouri River altemative would require a

detailed analysis of extersive water distribution systems under the two different sets
of conditions indicated previously. Since such an extensive study was not possible,
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the altemative cost was based on the current minimum rate of the St. Louis County
Water Compony to large users and on possible economies of scale in providing the
relatively large quantities of water needed in the later years of the 50-year

period. A unit cost of $100 per million gallons was assumed for the Aissouri River
alternative, regardless of the quantity of water required. The effect of this sim=
plification is mitigated somewhat by the fact that the large requirements from the
Missouri River, and hence the large benefits, occur in the later years of the 50-year
period. The result is a lower present value of benefits than if the Missouri River
alternative were needed in the early years. The water supply benefit in ony given
year, for that portion of the requirement met from the Missouri Kiver, is the total
amount supplied in the given year times the unit cost ($100 per mg).

Figure 9 shows the relationship between the supply of water and the probable
demand in the lower ivieramec area fo the yeor 2020, as well as the resulting time
stream of benefits from meeting water requirements, i.e., water supply benefits.
These benefits can be atiributed to any reservoir system in the Nieramec Basin which
supplied the estimated water requirements over the 50-year period. The benefits
shown are based on the assumption that the available supply is equal to the withdrawal
limit (35 mgd) plus the amount available from ground water (50 mgd) -- a total of
85 mgd. The availoble supply will probobly be exceeded in the year 2000. The two
parts of Figure 9 demonstrate the critical importance which the choice of a planning
period plays in determining the amount of benefits to be derived. The graph on the
left shows the benefits to be derived during the period 1960-2010. The figure on the
right shows the benefits if the planning period were 1970-2020. In each graph, the
shaded area is proportional to the benefits. Table 8 shows the time stream of benefits
fo be derived using three different planning periods. If 1965 rather than 1960 is used,
the benefits are about twice as great. If 1970 rather than 1960 is used, benefits are
cbout five times as great. The proper period to use is dependent upon when the in-
vestment of funds begins. If planning progresses fairly rapidly, use of the year 1965
would be most reasonable. Cerfainly no earlier beginning date is justified. Using
interest rotes of 4% and 2.5% respectively, the present value of water supply benefits
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mld be sl'm' m‘szpmp W, mh‘ 'h. yoear ‘960; ”'m' m'“'m'm
using the year 1965; and $7,700, 000-$13, 300, 000 using the year 1970.
It should be emphasized again that the magnitude of water supply benefits

depends upon two critical factors; determination of the supply of water presently
ovaliabile, and decielon ok 1o the BRbtntng ond tergth of the plonning peried.

Lack of precision in methods of estimating demand and assigning dollar values to

water supplied will have slight influence on the final results compared to the influence
of these two somewhat arbitrary choices.

Conclusions

Industrial and municipal water requirements in the Meramec River Basin and
in the St. Louis area do not loom as critical or major problems in planning for the
development of the water and related resources of the M:aromec Basin. Exceptions
may exist in certain local areas where ground water supplies are limited, and in the
lower basin where the outword growth from the city of St. Lovis will place increasing
demand on the water resources of the lower basin. The market for municipal ond
industrial water from developed water resources of the Meramec will likely be limited
fo this area.

In the St. Louis area, outside of the Meromec Basin, the main sources of supply
are the Missouri and Mississippi Rivers. These sources seem capable of absorbing
almost any foreseeable increase in the woter requirements of the area. The quality
of Meramec Basin water is not sufficiently different from that of the Missouri ond
the Mississippi to make it an importont consideration in determining sources of supply
for the area. St. Louis is in o fovorable position with regard to supplies of fresh
water when compored with most of the larger cities in the United States. What would
enhance the position of St. Louis most with respect to water supply would be measures
fo improve the water quality of the Missouri and Mississippi Rivers. These measures
are now underway .
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APPEMNCIX A

GROUND WATER IN THE MERAMEC BASIN
by
Robert U. Knight
The Meramec Basin area in the northem part of the Ozark Region has omple

ground water resources except in the extreme northeastem comer of the area where
the ground water is mineralized. There is little need for treating the water from
deep wells in much of the area if the well construction is correct. Proper construc-
tion includes setting of the well casing in grout ot a casing depth recommended by
the Missouri Geological Survey and Water Resources and above ground construction
in accordance with recommendations of the State Division of Health.

The major aquifers in this area are the Roubidoux, Gasconade, Potosi forma-
tions and Gunter member of the Gasconade fomation . (Scc Figurc 10). In the
southeast part of the area, water from older formations is the only ground water
ovailable because the Potosi and younger formations crop out or have been eroded
away. Generally this means that the water in this part of the basin must be treated,
because casing a well in this area would shut out much of the available water.
Treatment of the water in this area for public use is mandatory .

Mineralized ground water is present east of a line just east of Ballwin, to
eust of High Ridge, (Figure Il).

Roubidoux formation

The Roubidoux formation, which averages 125 to 150 feet in thicknes over
much of the areq,.is neor or at the surfoce. This formation consists of dolomite with
© high percentoge of sandstone and chert. When below the surface it is an oquifer
for smoll farm and household use, producing an average of 15 gallons of water per
minute. Generally a casing depth o the fop of the Roubidoux is sufficient to keep
out contomination in this oreo; however, locally the Roubidoux may have crevices
ond mud seoms and should be cased.

The Roubidoux formation, when at the surface, should be completely cased
out and the well drilled into the cherty portion of the Gasconade formation .

Gesconade formation

The Gasconade is characteristically lacking in chert in the upper 50 to 75
foet, This 50 to 75 foot zone is not @ water producing horizon.
Sslow the upper Gasconade noncherty horizon is a zone of cherty dolomite

R i




i WA R

PRINESESSSSNE S

35

averaging 200 feet in thickness. The upper 100 feet of this zone contains approxi=
mately 50% chert. This zone is a reliable water horizon which averages 10 to 15
gallons of water per minute,

Below the water producing horizons is another chert and dolomite horizon
averaging 100 feet thick in which there is very little water.

The Gunter Sandstone or sandy dolomite member is the basal port of the Gas-
conade formation and averages 25 to 40 feet in thickness. This member produces 40
to 50 gollons of water per minute, however, there are o few instances of production
exceeding 75 gallons per minute. Small industries, motels, or other small public
facilities utilize the water from the Gunter member .

Eminence formation

Below the Gunta lies the Eminence formation,a dolomite with a relatively
low chert content averaging 250 to 300 feet thick. Locally this formation produces
some water but not enough to be completely reliable.

Potosi formation -

The Potosi formation which directly underlies the Eminence is a reliable large
quantity producer which generally fumishes enough water for cities and industries.

The Potosi is a very porous and vuggy, coarsely crystalline dolomite contain-
ing as much as 50% silica in the form of chert and quartz druse.

Production ranges from 200 gallons of water per minute to 500 gallons per
minute and can be raised to as much as 700 gallons per minute by acidizing.

The thickness of the Potosi averages 300 feet throughout the basin, with the
exception of the St. Francois Mountain area in the extreme southeastern part of
the basin where it has been partly or completely removed by surface erosion.

All wells in this area should be cased to eliminate possible contamination.
Although the practice is not followed in many cases, all wells, mine shafts, and
mineral tests that are abandoned should be properly plugged to eliminate any
source of ground water contamination.
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Table 9
DATA O~ GROUND WATER USE

NAME COUNTY LOCATION TOTAL PRODUCTION
o DEPTH (gollons
% g e (feet) per minute)
A -

Roubidoux formation
Gray Summit (School) Franklin 12 BN IE 5% 25
U.S. Government (Nike Base) Franklin 1 42N 2¢ 680 52
Gasconade formation

Rosebud (No. 1) Gasconade 17 42N 4w 508 35

: Evreka St. Lovis 35 44N 3E 800 135

g Pacific (2) Fronklin 12 3N 2¢ 765 41

! Pacific (1) Franklin 12 43N 2¢ 650 150

3 Cedor Hill (1) Jefferson 25 42N 3E 650 30

‘; Gunter member of Gasconade formation
Boys Town of Missouri, St.Jomes Phelps 22 38N 6w 300 42
Odk Meadow (Country Club) Phelps 4 37N 7w 550 100
Eminence formation
Cuba (1) Crawford 31 39N 4w 602 125
Bible Pres .Ch. (boys & girls camp) Crawford 26 39N 3w 375 12
St. Jomes (1) Phelps 20 38N 6w 700 75
Vichy Airport (1) Maries 2 9N 8w 850 103
Vichy Airport (2) Mories 6 39N 8w 950 225
Rosebud (2) Gasconade 17 42N 4w 700 96.5
Cedor Hill (2) Jefferson 25 42N 3E 902 50
Hillsboro (1) Jefferson 3 40N 4E 931 65
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Table 9 (continued)
NAME COUNTY LOCATION TOTAL PRODUCTION
5 2 DEPTH  (gallons
£ €& % (feef)  per minute)
3 & B
Potosi formation
Bourbon (2) Crawford 34 40N 3W 501 73
Cuba (2) Crawford 31 39N 4w 1005 233
Salvation Army (Blue Spring) Crawford 2 39N 3w 550 ?
Presbyterian Church Crawford 18 37N 5w 500 56
Steelville(2) Crawford 33 38N 4w 535 ?
Steelville(2A) Crawford 34 38N 4w 660 287
St. Jomes (2A) Phelps 20 38N 6W 1100 360
Rolla (1) Phelps 11 37N 8w 930 200
Rolla (6) Phelps 11 37N 8w 1150 580
Rolla (8) Phelps 11 37N 8w 1125 550
Rolla (4) Phelps 1 37N 8w 1175 —— 300
Rolla (7) Phelps 3 37N 8w 1215 585
Rolla (5) Phelps 1 37N BW 1078 540
; Rolla (Missouri School of Mines,2B) Phelps 2 37N 8w 1151 328
: Owensville (1) Gasconode 32 42N 5w 900 200
Owensville (2) Gasconade 29 42N 5w 962 7™
Owensville (3) Gasconade 28 42N 5w 1000 ?
Salem (1) Dent 13 34N 6w 710 93 ?
Indion Traii State Park (2) Dent 34 35N 4w 455 25
\\i Union Franklin LN W 1000 349
' St. Clair (4) Fronklin 25 42N 1w 838 36
St. Clair (3A) Fronklin 36 42N W 800 80
Meramec State Park (1) Fronklin 18 40N 1w 605 25
Hillsboro (2) Jefferson 3 40N 4E 1310 100
Bonne Terre farmation
Ironton (6) Iron 32 34N 4 300 36 {
ironton (4) Iron 32 34N 4 424 46
ironton (1) lron 32 34N 4 293 70
ironton (2) Iron 32 34N 4E 467 18
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Chapter 4

WASTE DISPOSAL ANC WATER NUALITY'
Summary

Based on limited data, present water quality problems in most of the Meromec
Basin appear to be small, and are generally limited to the lower basin area. More
complete surveys are required, however, for a definitive assessment of water quality
in the Meramec Basin.

About a dozen cities do not have sewage collection systems. However, all of
the bosin cities having sewerage systems provide secondary sewoge treatment except
Flat River (primary treatment only) and Valley Park (no treatment).

Potential problem areas, however, exist in the lower basin because of towns
and concentrations of clubhouses along the streams. Sanitary water quality is o
problem in the reach from Valley Park to the mouth. Available evidence indizates
that sanitary water quality has deteriorated in this reach during the past 15 years.
Turbidity in the reach between Pacific and the mouth is high enough to conflict with
recreational use. Gravel dredging contributes to turbidity problems in this section.

Mining wastes are generally not now a problem, and under proper management
can be controlled in the future. Some industrial pollution does occur, particularly ot
Valley Park. If pulp and paper manufacturing is established in Missouri, it will most
likely not be in the Meramec Basin, and therefore will not present any water quality
problems in the basin.

No relationship could be found in the Meromec between streomflow and water
quality, or between water quolity and treatment costs. Therefore, no benefits fo water
quality from increasing streamflow have been included in the economic onalysis of
proposed water resource systems, although at a later date, under changed conditions
ond increasing population, detailed surveys might indicate that increased dilution in
cerfain reaches could be desirable.

Introduction

Contamination can be defined as the introduction into the water of microorgonisms,
chemicals, ond wastes including sewage, which render water unfit for desired uses with-
out corrective treatment. Pollution is generally synonymous with contomination in
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Missouri low? although it tends to be slightly more restrictive in some other states.
To what extent is water pollution a problem in the Meromec Basin? What is
the present condition of the water resources in the basin with respect to water
quality ? Generally, water quality in the Meramec Basin appears fo be relatively
good, or at least adequate, except in the lower reaches of the Big and Meromec
rivers. However, there is a paucity of dato available on water quality with respect
fo both surface and ground water. Continuous sampling of surface water at the
present time is undertaken at only one place in the basin -- the intake of the St.
Lovis County Woter Company at Fenton. The lack of sampling exists with respect
to physical quality characteristics, chemical quality characteristics, and bacteriological
and sanitary quality characteristics of water. Since the 1943 survey by the Missouri
State Board of Health, there has been no sampling along any reaches of the rivers
in the basin. Thereforeya quantitative and adequate analysis of the water quality
situation in the basin is impossible at the present time

Sources of Pollution in the Meromec Basin

Bosed on the relatively small increase in population and industrial development
in the Meramec Basin since the general surveys in the early 1940's, the water quality
situation appears to have changed little except in the lower portion of the basin,
roughly from Pacific to the mouth of the Meramec River. According to the 1943
report  "no pollution” existed in the basin at the time of the study. However, even
then, there was some potential pollution in areas along the streams in the basin where
cabins, clubheuses and recreational facilities were heavily concentrated. Industrial
development in the basin has changed little in the intervening period so that new
industrial wastes are not a problem, again with the possible exception of the lower
river, from Valley Park to the mouth.

Based on data compiled in previous reports, the map shown in Figure 1 was
developed. This map is o generalized one which depicts the rough order of magnitude
of present waste discharges, primarily domestic and municipal, along the lower
portions of the three major streams in the Meromec Bosin, The waste discharges are
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not computed directly on the basis of population equivalents, volume of discharge,
or any other similar criteria. Rather, the general magnitude of such discharges is
expressed simply in terms of the estimated number of dwelling units contributing
essentially untreated wastes. The sources of waste discharges shown are basically

of two kinds: (1) concentrations of cabins and houses along the streams (see Figure 1,
Volume 1i, Chapter 4), and (2) urban concentrations such os Times Beach, Volley
Park, and Morse Mill. Data on the concentration of cabins and clubhouses were
cblained from maps in the files of the fim of Homer & Shifrin, from o map of club-
houses published in the 1943 pollution report of the Missouri State Boord of Healsh?,
ond from compilations of the Missouri Water Pollution Board.

Although the map (Figure 1) does not provide specific quantitative estimates of
the volume ond strength of waste discharges into the major streoms in the bosin, it
does indicate the general nature of the pollution problem in the basin. It suggests
the need for a detailed survey clong the major streams to identify specific sources
of woste discharges, particularly with reforence to present and prospective recreation
oreas. Table | appended to the end of this chapter indicates the stotus of municipal
sewage disposal facilities in the Meramec Bosin as of November 23, 1960.

Water “luality in the Lower Meromec Basin

Son water quality trends

As indicated in Figure 1, the relative incidence of waste discharges is greatest
in the lower Meramec River. In this reach of the river, industries, municipalities,
ond individual clubhouses and cabins discharge untreated wastes directly into the
river, As measured by sanitary water quality utilizing the colifom index, it appears
that water quality in the lower Meromec River has worsened over time. This is
demonstrated in Figures 2 ond 3. Figure 2 compares the mean monthly coliform index
for two periods separated by roughly 15 years. Figure 3 shows coliform index duration
curves for the two periods, 1940-43 and 195660, for the summer months, the most
criticol period with respect to sanitary water qual ity in the lower Meramec River,
w&wﬂmm‘hldwhmmmm&n!m thot period.
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In order to be sure that the differences in water quality indicated on
Rgures 2 and 3 could not be attributed to differences in streamflow regimes in
the two periods, discharge duration curves for the two periods were plotted.
These are shown in Figure 4. It appears that the discharge duration curves are
wificiently alike so that the differences in water quality os measured by the
coliform indox cannot be attributed to differences in streamflows during the
periods. Cf course a simple dischargc duration curve gives no indication of
the soquence of flows during the period covered. Howevcer, since the sequence
of flows tonds to affcct the oxtromes of the discharge duration curve more then
the middle, the conclusion indicated above appears to be valid.

Turbidity trends

Since recreation in the lower Meromec River downstreom from Pacific is an
important activity, the visual appearance of the water is imporfant. Muddy water
is undesirable. An examination of suspended sediment and turbidity indicators
is present ed to show the present condition and trends in this aspect of water quality.
(The effects of turbidity on recreation are discussed more thoroughly in Volume IlI,
Chapter 5.)

Figure 5 shows turbidity duration curves ot o single point (Meromec River at
Fenton) for both the earlier and the later periods. No definitive conclusion con
be drawn from these curves about changes in turbidity in the lower Meramec
River between the two poriods.’

M sediment concentrations

A small progrom of suspended sediment sampling in the lower Meramec River
was underioken during the course of the investigations of the Meramec Research
Project. Details of the program are contained in an appendix to this chapter.
Evidence from the suspended sediment sompling program suggests that the sand
and gravel operations in the reach of the river between Pacific ond Fenton do
materially offect suspended sediment concentrations in the river during low flow
periods. The absolute effect on sediment concentration is relatively small, on
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the order of 3040 parts per million. However, even this small increose in
suspended sediment concentration may be important from the stondpoint of

recreation.

Effect of Increases in Streamflow

In conjunction with efforts to estimate benefits which might accrue to any
reservoirs constructed in the Meramec Basin from improvement in water quality,
extensive analyses of the relations between water quality and discharge and between
water quality and chemical treatment costs were undertaken. Since the lower
Meramec River is the only area in which significant withdrawals are made from
surface water fo meet municipal and industrial needs, it was tentatively hypo-
thesized that improvement in water quality might reduce chemical treatment costs.
Therefore an attempt was made first, to relate water quality and discharge, and

second, to relate various water quality indices to chemical treatment costs.

Relotionship between water quality and dischorge

Figures 6 through 13 show the attempts to relate various water quality indices

fo discharge. As is evident from the scatter diograms in Figures 6, 7, and 8,
definitive relationships between turbidity, alkolinity, hardness, respectively,

ond discharge can be developed. In the case of the former, increased turbidity
occompanies increased streamflows; whereas alkal inity and hardness both decrease
with increases in streamflows. However, the scatter diagroms in Figures 9 through
13 suggest that little definitive relationship between coliform index and discharge
ond between agar count and discharge can be developed. Further evidence of

the difficulty of obtaining significant relationships between these two indices of
sonitary quality and discharge was provided by correlation analysis. The correlation
coefficient between mean daily discharge and coliform index was about ~40.5;

that between mean monthly discharge and median monthly coliform index was about
40.6; that between daily discharge and total agar count was about +0.5; and that
between mean monthly discharge and median monthly agar count was about -0.28
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SCATTER DIAGRAM, COLIFORM INDEX PER 100 m! AND MEAN DAILY DISCHARGE
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SCATTER DIAGRAM, MEAN MONTHLY COLIFORM INDEX AND MEAN MONTHLY DISCHARGE
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All of these measures indicate a corrclation which. is not very sign,if'ic:cmf.6

Relationship between water quality and treatment costs
An attempt was also made to determine the relotionship between chemical

treatment costs and water quality. For this purpose multiple regression anclysis
wos utilized with chemical treatment costs as the dependent variable and various
water quality indices as the independent variables. Data from the St. Louis
County Water Company and from the City of Kirkwood Water Department were
used. The results of the multiple regression analyses were inconclusivo.’ A
maximum of about 40% of the variation in chemical treatment costs could be
explained by variations in the water quality indices. Therefore, in the economic
analysis of alternative water development proposals,no monetary benefits were
oftributed to augmenting low flows or changing the flow regime in the lower
Meromec River by reservoir releases in the interest of water quality improvement.
The MBRP has not been able to provide the answer to the quastion of benefits from
dilution. Whether a relationship between treatment costs and water quality can
be found with more intensive surveys (under future conditions of increased popula-
tion) is not known. [t may be possible to establish such benefits by a study con-
centrating on the critical low=-flow range, and by using other indicators of water
quality, such as dissolved oxygen content, I addition to coliform index.

Industrial Wastes

industry and mining

According to the report by the Missouri Board of Health in 1943, no indus-
trial wastes were considered to be significant at that tim.a The situation appeors
to be essentiolly the same ot present, with the possible exception of the vicinity
of Valley Park where some industrial wastes are discharged untreated to the

Meramec River. It is expected that both the industrial and municipal pollution
problems in Valley Park will be corrected in the near future.
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The 1943 report indicated that neither lead mining nor tiff mining materially
offected water quality downstraam from such operations. Similarly, iron mining
operations present no threat to water quality in the basin as long as large or mul-
tiple tailing ponds are utilized. However, occasional problems exist when
impounding dams are built too low or too unstable to withstand water pressure
during heavy rainfall .9

Pulp or paper manufacturing

It has been proposed that, because there is a considerable amount of wood
volume available in and near the Meramec Basin, a pulp or paper manufacturing
plont be established within the Meramec Basin. However, an analysis of the for-
est industry in the basin (See Volume 1, Chapter 3.), indicates that a more likely
location for a paper or pulp mill is in the area south of the Meramec Basin, closer
to the center of the available timber resource. Louis Warrick of the Public Health
Service has suggested that the logical location for any pulp mill in the area is
outside of the Meramec Basin 1o the south. '* 1t should be noted, howsver, despite
much publicity to the contrary, that contamination of water quality is not neces-

sarily a concomitant of a paper or pulp mill. Technological processes are avail -
able such that the potential pollution effects of such operations con be rendered
negligible. " Admittedly, the installation of equipment to minimize pollution
aspects requires considerable investment. However, the point is that reducing
pollution from such operations is possible. In some cases it has been found that
meatures fo reduce pollution from pulp and paper operations have resulted in new
processing techniques enabling the recovery of chemicals or the development of
by-pr«hch.u

Conclusions

1. Water quality in the Meramec Basin appears to be adequate for all uses
except in areas where concentrations of clubhouses and cabins along the rivers
result in degradation of the sanitory quality immediately downstream therefrom,
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and in the lower Meramec River area from about Pacific to the mouth where significant
quantities of untreated municipal and industrial wastes are discharged into the stream.

2. In the lower Meramec River, where significant quantities of water are
withdrawn for municipal and industrial purposes, backwater from the Mississippi River
appears to be no problem with respect to such withdrawals. The only apparent affect
during backwater periods is an increase in colloidal mtmor.'3

3. Based on the analyses made in the course of the investigations of the Meromec
Basin Research Project, there is no conclusive evidence that increasing low flows in the
lower Meramec River would result in monetary benefits from improvement in water
quality. Of the three classes of possible benefits from dilution == reduction in sewage
and waste treatment costs, reduction in municipal or industrial water treatment costs,
and benefits from increased utilization of the river for recreational and aesthetic pur-
poses -~ the latter is least susceptible to economic analysis, but might be of consider-
able importance in the Meromec. The analyses of water quality and water treatment
costs indicate that only a small part of the water treatment costs can be attributed to
water quality deficiencies. The same analyses indicate that it is not likely to be
possible to reduce the level of treatment in the proposed Metropolitan Sewer District
system serving St. Louis County because of increased flows which might be made avail-
able from reservoirs in the Meromec Basin. Secondary treatment of waste discharges 1
would be required even with increased flows. Further study would be desirable to
determine whether changing conditions as population increases will modify these con-
clusions.

4. There is a definite need for establishing continuous sampling of water quality
in the basin, porticularly of surface water in the lower Meramec and Big rivers. Similarly,
there is a need to make a detailed inventory of the clubhouses, homes, and cabins along
these reaches which may discharge untreated sewage into the river. Since recreation is
important in these reaches, o continuous monitoring of sanitary water quality in the area
is essentiol, ot least during the major recreation season.
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S. If the surface waters of the lower Meramec Basin are to be used for recrea-
tion, measures should be taken to prevent upstream sand and gravel operations from
degrading water quality in the rivers by increasing turbidity. Methods of operation of
most sand and gravel companies do not appear to adversely affect water quality. “

All companies not using such methrds should be required to adopt them.
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7. The results of these anolyses ore avoiloble from the files of the Meromec
Basin Research Project.

8. State Board of Health of Missouri, op.cit., p. 13.

9. See papers by Kenneth J. Weber of the Ozark Oro Company, ond
P. G. Bamickol of the Missouri Consorvation Commission, in selected popers
fram the oir and water pollution conference, November 17, 1958, Engineer

W% Station Bulletin No. 45, University of Missouri, Columbia, Vo.,
o Pe PPe- .

10. Loubs F.*Worrick, Solv lution ems of pulp and paper mil
Proceedings of Sixth ter Pollution erence (1960),
Experiment Station Bulletin No. 53, University of Missouri,
Columbia, Missouri, 1961,




- At Besendow w wim

bl SRS Wy .

%

BRI SRR S R

24

REFERENCES AND NOTES (continued)

11. See Cnlifornia State Water Follution Control Board, V/aste treatment
and disposal aspects to development of California’s pulp and paper resources,
Publication No. 17, A

12. See for example, Water Information Center, Research and Development
News, Vol. 2, No. 6, June 1961 in which the following item appeared:
"Effective control of pollution caused by spent sulphite liquor is claimed by
Nichols Engineering and Research Corporation -- New York, New York --
for a new process which converts the liquor into a dry product for industrial use."

13. Information from J. L. Tuepker of the St. Louis County Water Company.

14, If the method of extraction is from the alluvial deposits of the flood
plain rather than from the bed of the river, and if the water used in the washing
aond sorting operations is not discharged directly into the rives downstream water
quality need not be affected.
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| TABLE |

STATUS OF MUNICIPAL SEWAGE DISPOSAL, MERAMEC RIVER BASIN
* AS OF NOVEMBER 23, 1960

). COMMUNITIES WITH SEWAGE COLLECTION SYSTEMS

1960 DESIGN DEGREE OF NEEDEC
COMMUNITY POPULA- POPULA- EXISTING POLLUTION
TION® TION  TREATMENT CONTROL MEASURES
Belle 1,016 2,000 Secondary None
Bismark 1,237 1,200 Secondary Addition of final settling
Bland 654 596 Secondary Finol tank (Bonds voted)
Cuba 1,672 1,500 Secondary None
Ellisville® 2,732 . Secondary -
Eureka 1,455° 972 ' Secondary Plant expansion
Flot River 4,515 6,000 Primary  Addition of secondary
facilities (Engineering
report approved)
Kirkwood 2 Plant 29,4219 12,000  Secondary None
Meramec Mining Co. - 478 Secondary None
Pea Ridge
Owengville 2,379 4,500 Secondary None
Pacific 2,795 3,600 Secondary None
Potosi 2,805 3,500 Secondary None
Rolla, Eost Plont 1,132° 5,000 Secondary None
South Plant - 12,000 Secondary None
St. Clair 2,711 3,200 Secondary None
St. Jomes 2,384 3,450  Secondary None
Salem 3,870 3,800 Secondary None
Steelville 1,127 2,000 Secondary None
Sullivan 4,098 4,500 Secondary None
Union 3,937 7,400 Secondary None
Valley Pork 3,452 4,600 None New plant (Engineering
report approved)

Viburnum 590 650  Secondary None
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TABLE 1

STATUS OF MUNICIPAL SEWAGE DISPOSAL, MERAMEC RIVER BASIN
AS OF NOVEMBER 23, 1960 (continued)

. COMMUIilITIES WITHOUT SEWAGE COLLECTION SYSTEMS

COMMUNITY 1960 POPULATION REMARKS

Ballwin 5,710 (Engineering report approved for sewer system and sec-
ondary treatment)

Bonne Terre 3,219 (Bonds voted for sewer system and secondary treatment)

Bourbon 779

Des Peres 4,362

Desloge 2,308 (Bonds voted for sewer system and secondary treaiment)

Elvins 1,818 (Engineering report approved for sewer system and sec-
ondary treaiment)

Esther 1,033

Fenton 1,059

Hillsboro 457

Irondale 335

Leadwood 1,343

Manchester 2,021 (Sewer system and secondary treatment under construction)

Times Beach 986

Winchester 1,299

9U.S. Bureau of Census, Census of Population, 1960, Missouri.

b?num discharge of lagoon is to Missouri River drainage basin.

Present population, estimated. Higher thon 1960 Census figure because of extensive
subdivision development which has occurred since the census was taken.

dirkwood 1 Plant is tributary fo Gravois Creek. In 1950, when the gopulation of
Kidkwood was 18,640, about 9,000 persons were tributary to the Kirkwood #2 Plant.
Between 50% ond 60% of the present population is tributary to this plant.

®In 1950 when the population of Rolla within the city limits was 9,354, obout 3,950
penons were fributary to the East Plant, about 6,500 persons to the South Plant. No in-
formation is available as to present distribution of population served between plants.

Data provided by Jack K. Smith, Executive Secretary, Missouri Water Pollution Board.
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TABLE 1: SUMMARY

The total present population of the 20 sewered communities in the Meramec
Bosin is about 85,000. Not all of the population in any given city with a sewage
collection system is necessarily connected to the system. Also, some persons liv-
ing outside the city limits in a given city may be connected to the city system.
Further, not all of the sewage represented by the total population connected is
discharged into the Meramec Basin, since some of the communities are located
on the drainage basin divide. (Kirkwood is an example.)

All of the communities with sewage collection systems, with the exception
of Valley Park, have sewage treatment facilities. For four of these communities --
Bismarck, Bland, Eureka, and Flat River =~ the Missouri Pollution Board has
indicated that odditions or enlargements to the treatment facilities are necessary
to handle the present sewage load. If at least 50% of the present population of
Kirkwood is assumed to be served by the #2 plant, then, given the relationship
between present population and design population of the respective plant facilities,
three other communities -~ Cuba, Kirkwood,' and Salem -- should be giving
consideration to expansion of sewage treatment facilities, unless population in
those towns were assumed to have reached "saturation". Valley Park, with a com=
bined connected population of about 3,500, discharges sewage directly to the
Meramec River without treatment.

The total population of the 14 unsewered communities listed is about 26,000.
Several thousand more persons reside in smaller communities in the basin having no
sewage collection systems.

Wet industries located in cities with sewer systems are connected to the re-
spective municipal systems, with the exception of ot least one industry in Valley
Pork. Industrial wastes from industries located outside city sewer systems are not
believed to be significant, according to the Missouri Water Pollution Board.

ll(likwd has now, i.e., 1961, completed a sewage lagoon adjacent to
the 12 plont. The lagoon will enable adequate treatment of sowage from the
present tributory population.
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Chapter §
RECREATION

Recreation in the United States

Trends in demand for recreation

The demand for outdoor recreation nas increased at o spectacular rate over
the past half-century. At several National Parks attendance hos increased 15-30
times between 1920 and 1956.l The average rate of growth of attendance at
National Parks since 1946 has been sligatly less taon 10% annually -- National
Forests have exaibited a similar rate of gfowfh.2 Water-based recreation has in-

creased at an even more rapid rate. The rate of gain in attendonce during the post=
war years at Corps of Engineers' reservoirs has been approximately 28% annually,
The rate of growth at TVA reservoirs during the same period has been about 15%
annually,

The reasons for this growth are not hard to find. Population increases,
coupled with increases in income, leisure, and mobility of the population, are
chiefly responsible. Past trends and predicted future trends in these variables, as
described by Clawson, are shown in Figure 1. Per capita disposable income has
roughly doubled within the past nalf-century, and is expected to more than double
within the next half-century. The average number of hours worked per week has
declined from approximately 60 aours to 40 hours since 1900, and will probably
decline further to about 30 hours in the year 2000,  People will have more free
time, much of which will go into recreation. More than 20% of free time goes into
outdoor recreation today, and future increases are likely, Mobility has increased

TMorton Clowson, The Crisis in Outdoor Recreation, Resources for the Future,
Reprin® No, 13, 1959, p. 17.

2Mm'ﬁt:m Clawson, Statistics on Outdoor Recreation, Resources for the Future,
Washington, 1958, pp. 17-45,

SNarion Clawson, Crisis . . . . ., p. 8., Becauss the Corps of Engineen s

constontly 1dding to the number of reservoirs under its jurisdiction, its rate of growth
reflects changes in supply as well as demand characteristics. The TVA statistics

are from o relatively fixed number of impoundments and are therefore 2 better
indicator of demand chonges
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spectacularly since 1900, ond will continue to increase at a somewhat less spectac-
vlar rate in the future. (Clawson predicts a doubling in the number of miles traveled
per person by the year 2000; Wilbur Smith ond Associates predict even greater
im:mnos.)4

The inclination to participate to a greater degree in outdoor recreation is
already quite evident. A survey underfaken by the Outdoor Recreation Resources
Review Cmisions reports that o large number of people would like to engage
in a greot deal more recreation activity than they do ot present. Lack of time is
the chief barrier; lack of money is next. As people get more of both, there will
be 2 considerable step-up in the per capita demand. This increase in per capita
demond, couple with population increases (predictions are for a doubling of popu-
lation within the next half-century) will result in very large increases in the demond
for outdoor recreation. The ORRRC predicts o threefold increase by the year 2000.
Others have predicted even larger increases.

"Most people seeking outdoor recreation want water . . . .'b "Water is
[ therefore] a key factor of supply. It is essential for many forms of recreation;
and it adds to the enjoyment of many others. "’

Supply of cutdoor recreation resources

How does the supply of recreation fociiities compare with the demand -- now
ond in the future? The question is not easily answered by on exomination of the
fotol available acreage of recreation lond and water. A fairly large acreage is
ovailable in the United States but "the problem is not one of number of acres but
of effective acres -- acres of land and water available to the public and useable

*Marion Clowson, Crisis . . . ., p. 11, and Wilbur Smith and Associates,

Future Highways ond , New Haven, Conn., 1961, p. 201,
!ORRRC, Outdoor Recreation for America, Washington, 1962, p. 31.
Sorrec, p. 4.
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for specific types of recreation. B ., «demand . . . . Is concentrated where people

are -- near metropolitan areas. . . . This metropolitan population must get most
of its recreation in the metropolitan region, and, for all practical purposes, the
existance of extensive facilities somewhere else is little compensation for lock of
them ot home. W For example, the thousonds of lokes in the northem porfs of
Minnesota, Wisconsin, and Michigan are of no use to the people of St. Louis or
Memphis for one-day or weekend trips. Only those recreation facilities which are
located within about 50-100 miles of each city can be used to satisfy this short-
period recreation demand (which, in spite of longer vacations, still represents the
major portion of time available for recreation). Therefore, for this type of recrea-
tion, the overall U. S. statistics have little meaning. To properly assess the situation
it is necessary to examine the recreation facilities available within easy driving time
from each major center of population. The outlook for the St. Louis area is dis~
cussed in the next section. |

The importance of distance in influencing the intensity of use of recreation
facilities is cloborated in Appendix A, Restated briefly, a study of attendance
figures for Corps of Engineer reservoirs shows that of approximately 40 lorge reser-
voirs listed, only seven have a very high infensity of use. All seven are located
near lorge metropoliton areas, Moreover, c‘ortain small reservoirs located very
close to or within metropoliton areos exhibit o phenominal intensity of use. These
lokes, only a few hundred acres in size, attracted from 500,000 to 1,500,000
visitor-days in 1960. Clearly, distonce from potential users is of considerable

imporfance in amessing the available supply of recreation resources, The importance
of this foctor is eloborated on in a later section.

IORRRC., p. 49.

oRRRC., p. 26.

!
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The Demand for Water Recreation in the Meramec Basin

Present recreation situation in the St. Louis area

The present and past recreation situation in the /Meramec Basin ond St. Louis
area are described more fully in Volume 11, Chapter 4. A brief summary will be
useful here.

The northeastern fringe of the Ozarks, of which the Meromec Basin is a major
poart, forms the natural recreation area for St. Louis and environs, Both past and
present use of this area as been mare intense than taat of other areas at similar
distances from St. Louis (i.e., northem Missouri ond Illinois). However, recreation
activities tend to cluster around water, waici at tne present time is limited in extent
within the Meramec Basin. Suitable large impoundments are not available in the
St. Louis area for one-day or easy weekend trips, although many impoundments are
located ot slightly greater distances and are usable during three-day weekends and
vacations. The importance of location near large population centers in influencing
the usefulness for recreation of man-made lakes, has been discussed in the previous
section. The following pages contain an cppraisal of the degree to which existing
lokes in the St. Louis area can be used to satisfy this demand.

Existing impoundments

Becouse of the existence of numerous reservoirs of varying sizes ond with vary-
ing degrees of accassibility to the residents of St. Louis, any discussion of the need
for reservoir recreatior. in tne Mieramec Basin must include some consideration of the
extent to which this denand for reservoir recreation is being satisfied, or con be
sotisfied, by impoundments already existing or definitely scheduled for construction.

Several large reservoirs are located within 250 air miles of St. Louis (as shown
in Figure 2). Many smaller reservoirs, not shown on this figure, are also located
within this area,

The largest and most attractive of the large reservoirs (Kentucky Loke, Lake
of the Ozarks, and the white River reservoirs) are located at distances too great fo
be convenient for one-day trips. All are located in the 150-250 mile distance zone

“ﬁm.:Jtv SR e




e

Yoy 9jqe}

10j0M1D3))

S}40zQ oyl jo ayoy

.___,\\/.

JINVANILLY  ¥I0AY3ISIY

———— o
o — . — — —

kLB AR AR NG v

e e

_.
|
|
!
i
!
!
!
|
|
!
|
_




7

? from St. Louis.'o Visits to these lakes by St. Louis recreationists generally require
periods longer than one day, aond are, therefore, usually confined to week-end or
vacation visits.
' Several other fairly large lakes are located in the 100-150 mile zone. These
lakes, Clearwater, Nappapello, and Crab Orchard are better located to satisfy the
demoands for one-day recreation trips by St. Louisans, but even these are somewhat
beyond the optimum distance. They are also not as attraciive as the reservoirs
. : mentioned previously.
Alton Lake, some 20 miles north of St. Louis, is formed by water backed up
by a navigation dam across the iviississippi River above its confluence with the Missouri .
This dom does not raise the water level greatly and as a result, Alton Lake might be
considered an enlargement of the Mississippi River. As such, it is not a large lake.
It is used primarily for motorboating, although swimming and picnicking are of some
importance. Its chief advantages are its nearness to St. Louis, its connection with
% other parts of woterways which are navigable, and the presence of scenic bluffs
: along the !llinois side of the river. Among its disadvantages are water which is
muddier than any of the reservoirs previously mentioned, a fairly strong current
which occasionolly makes boating and swimming hazardous, the lack of swimming
beaches, its relatively small size, and the increasing use being made of it by com=-
mercial barges. It is thus able to satisfy part of the demand for one~day water recre-
ation trips, but because of these characteristics, there are large segments of this
demand which it is unable to satisfy.
There are a number of small lakes (in the 50 to 200 acre range) located within
easy one-day driving distance of St. Lovis. Most of these are in the 25 -50 mile
zone. With few exceptions these lakes are for the use of the surrounding property {

W e

jai"h. recently completed survey by the Outdoor Recreation Resources Review
Commission indicates that the maximum distance which most recreationists are
willing to travel for a one-day trip is about 50 miles.
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owners; recreational use by the public ot large is therefore extremely limited. The
smaller of these lakes are usable only for swimming, boating, and fishing. Ata
few of the larger lakes motorboating and water skiing are aiso included. Because
of the limitations of the number of types of activities which are passible at these
lakes, and because of the limited number of people who can be accommodated by
these lakes, they have not provided the answer to the demand for water recreation
facilities within an easy one~day drive of St. Lovis.

Proposed impoundments

Several new reservoirs are being planned in the area north and east of St. Louis.

Johanna Reservoir on the Salt River in northem Missouri is siill in the talking stage.
Shelbyville Reservoir, to the northeast of St. Louis on the Kaskaskia River in Illinois,
is in the dssign stage. Both of these reservoirs are about as far away from St. Louis
as the Clearwater-Wappapello-Crab Orchard group and are not likely to be superior
in quality to these other reservoirs. Carlyle Reservoir on the Kaskaskia River obout
40 miles east of St. Louis is already under construction ond will have certain advan~
fages in satisfying the St. Louis recreation demands. Its 40-mile distonce from St.Louis
puts it within an eosy one-day drive of St. Louis. Its size will be large enough to
occommodate considerable demand. Its large areas of open water should be ideal
for speedboating and water skiing, and its shallow upper reaches should provide
excellent habitot for water fowl. Although the quality of ifs fishing will be difficult
fo predict, there is no reason to believe that it will not be good. However, this
reservoir too will suffer certain disadvantages. Its water is not likely to be as clear
as that found in reservoirs in the Ozarks, nor is its flat, treeless shoreline likely to
be os attractive. Relatively large horizontal fluctuations of the shoreline are likely
to moke difficult such shoreline uses as swimming, picnicking, and cottage site
development. Because of these factors, Carlyle Reservoir is not expected to fully
satisfy the demand for recreation in St. Louis.

Even aofter the construction of presently ‘proposed reservoirs, the need will
still exist for large water surfoces, in ottractive settings, with good public access and
control, within one~day driving distonce of St.Louis. The Neramec Basin is ideally
suited fo satisfy these needs.
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Meramec Reservoir Attendance Estimations

The problem of estimating recreation benefits at proposed reservoirs is o major
one. Mast methods of benefit measurement are based in some way on tne use wnich
toe recreation facilities receive. An estimate of the use wnich a proposed reservoir
will receive is therefore a necessary first step in estimating recreation benefits.

This section is devoted to the problems of predicting reservoir use; the succeeding
section is devoted to methods of measuring recreation benefits and how they apply
to specific Meramec proposals.

What is the demand for water recreation at a potential multiple purpose
reservoir? St. Louis, wita u metropolitan population of more than 2,000,000 gen-
erates considerable demand. The nearest large impoundments are snown in Figure 2,
with circles proportionate to total visitor-day attendance and pie sectors propor=
tionate to estimated St. Louis visitor-days, ranging from 4% at Kentucky Lake on
the soutieast to 50% at Clearwater in tne center. " Generally speaking, the
nearer the loke, the greater the St. Louis aitendance, as would be expected. Some
variation occurs because of size and quality of the lakes, as will be noted later.

In order to detemine tive drawing power by distance zones of the various
lokes, information on origin of visitors by small geographic divisions was sougat.
The biggest block of data come from unpublished creel census reports of the Missouri
Conservation Commission wiich snow origin of visitors by counties (for further details
see the seporote Crecl Census Appendix). These were based on several thousand
sample interviews over a period of years on various arms of lakes, or for wiole
impoundments in tne case of the smalier lakes (Clearwater, Taneycomo, and
Wappapello). These data were then converted into county per capita indices and
mapped. Figure 3 is one representutive map. Note generally how attendance de-
creases witn distance. These indices were then plotted on logarithmic paper
(Figure 4), and regression or trend lines fitted by inspection. The fit was fairly

”Al'on Loke nearby on the Miississippi is not considered because it has
different charocteristics from tne otners in the universe, althougn it does figure
in St. Louis recreation ond has some attractive features. . _

A T ST
’
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close, but there was also considerable scatter, in large part occasioned by differing
social and economic characteristics of tne sample units and by smallness of sample
when applied to small counties. The siope of the lines fell off, however, in an
essentially linear fashion and varied from a drop-off ranging from about the square
of the distance fo tae four. power.

The fact taat tae decline was so relatively rapid with distance mignt be con-
strued as an indicator of the similarity and substitutability of one impoundment for
another. Similar calculations which we and others nave made for more nearly
unique attractions such as Grand Canyon shew a more gradual decline at a rate less
than distance squared. K However, these more gradual declines represent the effect
of combined visits to several westem attractions pulling simultaneously, wiereas
impoundments of the type envisioned for the Meramec are more likely to generate
single~purpose trips of shorter duration,

In addition to the creel census data other sources of data have been utilized
including an intensive survey of five Missouri state parks conducted jointly by the
Meromec Basin Project and the Missouri State Park Commission in 1960.]3 Based on
data from tnese various sources, the median drop-off by the cube of the distance was
taken and plotted on the logarithmic graph, Figure 5. The horizontal axis shows
distance from reservoirs; the vertical axis shows per capita attendance.

On tais graph two other regression lines are indicated: (1) o high representing
generolly high per capitc attendance expectation from urban, high income counties,
and/or to reservoir of high quality, and/or lack of intervening opportur:ities from
closer impoundments suitable for recreation, (2) a low representing rural, low in-
come counties and/or lower quality impoundments and/or presence of intervening
opportunities for recreation at closer impoundments. The shaded zone represents
generally the category in whicn St, Lauis visitors feil,

‘zMorion Clawson, Methods of Measuring the Cemand for and Value of Outdoor
Recreation. Resources for the Future Keprint No. 10, Washington, 1959. Our
calculations were made from National Park and other surveys .,

IsFG details see the separate appendix, "State Park Recreation Survey Results."
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! To find a starting point for the lines on this graph, since the initial data simply
give an index of rate of decline with distonce, it was necessary to make further cal-
culations. These yield a median estimate of 10 visits per capita at o distance of 20
miles, This was based on more than a dozen sample calculations for counties near
reservoirs. An example will illustrate the method. Wayne County, a rural county
in the Ozarks, whose mid-point is about 20 miles from Clearwater Loke, a 1,600
acre, relatively small reservoir, had 11.8% of the creel census fishermen visitors
sampled at the lake; multiplying #his by the total attendance of 414,000 reported

by the Corps of Engineers, gives a figure of 49,183, which, when divided by the
population of tne county, gives a figure of 5.2 visitor-days per copita per year from

that county. Other calculations for other counties at similar distances and at other

e B R T
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impoundments showed o range from 1.6 up to approximately 30, with 10 apparently

a reasonable median. In many reservoirs it was possible only to compute a stiil

higher upper limit because the creel samples applied only to one arm of the lake

and total attendance figures were available only for the whole lake.

h

The procedure thus for making the estimate of ten was not entirely satisfactory,
but seems to be verified by other calculations. As an illustration and additional check
on the regression lines, the St. Louis per capita visitor-days at the eight major im-
poundments have been plotted on the graph. These St. Louis visitor~days have been
estimated from o variety of sources, and are only approximations; yet they are some-
what independent and are isolated from the general calculations which went into the
regression lines and anchor points. Note that five of the impoundments are in the
high zone or just beyond, and three in the median zone. The five high ones are all
larger, better impoundments; the three lower ones, Crab Orchard, Clearwater, and
Wappapello are all smaller and generally poorer either in setting or development.
This may explain the difference. Data for several other cities and iakes have been
cbtained and are also indicated in Figure 5.

Figure 5 then represents the unadjusted attendance prediction model. Further
adjustment is necessary because the linear model shown in Figure 5 is not adequate
to predict attendonce from nearby distance zones. The ovailability of doto is limited

»
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for zones within 50 miles of a recreation area, and attendance predictions dealing
with nearby areas are therefore less certain. However, bosed on the few situations
for which information is available, an estimate has been made of the extent to
which the attendance-distance line departs from linearity. Taking this departure
into account, a new curve has been drawn (Figure 6) which shows the tapering off
at nearer distances. From this graph attendance by zones can be estimated around
any reservoir essentially similar in size and character to the average of the other
reservoirs. For a reservoir 50 miles from St. Louis, for example, o figure of four
visits per capita per year is read from the "high" line ot the 50 mile distance.
(Remember the graph scales are logarithmic.)

The actual calculation of predicted attendance is shown in Table 1 where
the per capita annual visits anticipated from each zone's characteristics is multiplied
by the zone's population to give predicted total annual visitor-days in the last column.
Note the overwhelming contribution of metropolitan St. Louis with its 2,000,000
population, which alone accounts for more than 80% of the visitor-doys.

Estimation of Benefits from Meramec Reservoirs

Once the problem of predicting reservoir attendance has been dealt with, a
new and greater problem presents itself. This is the measurement of recreation benefits.
Recreation benefits are probably the most difficult to measure of all the benefits
which might accrue from water resources development. Benefits from recreation are
often considered to be intangible, and therefore difficult or impossible o measure.
Unlike hydroelectric power or water for irrigation, recreation benefits in most cases
do not have an institutional framework by which they may be sold directly to the
public. It is likewise difficult to measure recreation benefits in terms of alternative
costs which may be unnecessary by a water resource development == a method often
used to measure benefits from flood control, irrigation or low fl;w augmentation.

However, in order to compare recreation with other uses of such a development ==
uses which are possibly competing == it is necessary thot these benefits, wherever
possible, be reduced to monetary terms, the only readily available common denominator
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1 Table 1
f‘ ESTIMATED ATTENDANCE AT HYPOTHETICAL M JOR IMPOUNDMENT
1 3 50 AIR LINE (60 ROAD) MILES FROM ST. LOUIS
’ Distance Zones from Population Per Capita Annual Visits Total Annual
i B Hypothetical Reservoir inZone  Colegory” Number  Visitor-doys
b 3
N B 0-10 20,000 median 3 60,000
i : 10-20 40,000 median 2 80, 000
j : 20-40 90,000 high 8 720,000
| i 40-60 2,000,000® high 3 6,000, 000
. 60-100 300, 000 median 2 60,000
i. 'w‘zm .2' m' m m.d'aﬂ om w'wo
200-300 10, 000, 000 median .005 50,000
! 300-500 30, 000, 000 median .001 30,000
|
| Beyond 500 (Rest of U.S.) Estimate 50,000
’ : Totol 7,110,000

“Categorizs refer to per capita annual visits expected based on numerous origin
surveys in 1960, ot large impoundments in Missouri, Illinois, and Kentucky. High
refers to per capita expectation from urban, high income and/or lack of intervening
opportunities for recreation at nearer impoundments; low refers to rural, low income

and/or infervening opportunities for recreation ot closer impoundments. Medion is
average between two extremes.

blncludu most of St. Louis metropolitan area.
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for all types of benefits. In an area such as the Meramec Basin, where recreation
appears to loom large as a source of benefit in competition with the other multiple-
purpose uses, it is all the more necessary that some monetary measure for recreation
be found.

Some persons concerried with recrection argue that it is impossible to place
a monetary value on recreation, and in some cases argue that it is even undesirable
to try. One water resources expert expressed it this way; "Such purposes as recrea-
tion must therefore be judged on other [than monetary] criteria, for the use of the
benefit cost analysis for them not only is invalid, but costs general doubt and
suspicion upon procedures which can effectivel; serve a high purpose where they
are appropriate, k4

However, it must again be emphasized that the competition among various
uses for limited resources is increasing and "thera is considerable merit in the
position thai rational plenning of resource development requires a value on recrea-
tion wherever it is one of the major uses of land or water. w13 Not placing a value
on recreation is equivalent to placing zero value on it. Therefore any reasonable
estimate of value is better than none at all. However, some still argue that o
monetary value cannot be placed on essentially subjective experiences. These
people overlook the fact thot we do this all the time, not only for masterpieces of
painting but also for education, health services, and many other aspects of life. "

However, this does not solve the problem -- what is the volue of recreation
in a particulor place? Obviously, the ideal way to answer this question in the case
of a reservoir would be fo build a fence around the lake and charge admission of
anyone who wished to use the lake. But such an arrangement, where access is
completely controlled, would not in itself solve the problem of what people are
willing to pay. Experimentation with fees would be necessary to find the right scale

uOﬂo Eckstein, Water Resources Development. Harvard University Press,
Combridge, 1958, p. 4I. :

PSniarion Clawson, Nethods . . . ., p.3

e
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of fees properly allocated among various types of uses such as fishing, water skiing,
picnicking, boating, renting of lake sites, etc. Few existing lakes have been built
with fences around them and data of this sort is consequently hard to obtain. Various
schemes for evaluating recreation benefits have been tried by others and are now
used by others -- none of which are entirely satisfactory. The more important of
these are described below.,

In the summary report of the previous ivieramec investigation in 1949 the
Meramec Field Investigation Committeew recommended the use of an arbitrary
figure of $1.00 per visitor-doyw-- a figure which is now used by a great many
agencies in the recreation field. This $1.00 per visitor-day was assumed to be o
reasonable rate which most people might be willing to pay, but there is no justifica-
tion for its use beyond assumption. Other arbitrary fixed values per visitor-day
are also used by some agencies. Some also differentiate on the basis of activity-days =--
some types of recreation activities being valued more highly than others (e.g., comper-
day, $2.00; sightseer-day, $0.50).

The cost method used by the National Park Service at one time adopted the
policy of setting benefits equal to the cost of providing recreation facilities at o
lake. This method merely begs the question: it does not provide an answer to the
question of what is the recreation worth. :

The gross expenditures method measures the total amount of money spent by
recreationists. It assumes thot recreation is worth to the recreationist at least as
much os he is willing to pay. This method is used by some agencies in the state of
Cilifomia, but is more valuable as o measure of the impact of recreation on the

economy of the local area rather than the satisfaction of the recreationist or the
value of the recreation experience as such.

NMeramec Cooperative investigation Field Committee, A Program for the
Nieramec River Basin; Summary Report. 1949, p. 11,

» The visitor-day is a unit representing a full day or port of o day spent ot a
recreation area by a single visitor. This is not o satisfactory measure of attendance,
but it is the one in use by practically all the agencies concerned with recreation,
ond will probably continue to be used since no one has devised anything better.
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Another method attempts fo evaluate recreation according to its contribution

to the gross national product (a commonly accepted measure of economic welfare).

There are several possible woys of going about this == all of which eventually in-
volve finding out what proportion of our national product is due to the additional
productivity gained by individuals through recreation that would not have been
gained otherwise. Obviously this method poses a great many difficulties both at
the theoretical and operational levels.

The market value method attempts to use fees charged at private recreational
developments as indicators of benefits. Difficulty arises in finding comparable rec-
reational opportunities at which to measure these fees. A variation of this method
seeks to establish benefits through calculation of land value changes.

By means of estimates of the value added by local business (which has some
similarities to the market value method and the gross expenditures method) an attempt
is mode to separate out that portion of the gross expenditure which represents local
econamic activity or the value of the location as such.

The consumer surplus method essentially involved estimation of a demand curve

for recreation (either by asking people what they would be willing to pay, or by
calculating the effects of increased costs on demand). From this curve the amount
of money that people would have been willing to pay rather than do without the
recreation experience is compared with the amount they actually had to pay and the
difference is considered a benefit.

The monopoly revenue method proceeds along similar lines. This method also
uses demand curves to estimate the level of entrance fees and the nature of develop-

ment that would yield maximum net revenue to the owner of a recreation area. It
is similor to the fence-building method described previously.

Another method involves the calculations of cost savings (usually measured in
trovel costs) which accrue to a recreationist because he is able to use one recreation
site as opposed to a more distant one.

Several of these methods will be examined in greater detail as they apply

: specifically to the ivieramec proposals. These are the arbitrary value method, the

lond value method, and variations of the cost savings and consumers surplus methods.
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Arbitrary value method
If the predicted attendance figures at the hypothetical impoundments in the
Meramec are used, and the customary $1.00 per visitor-day is used to evaluate the

recreation benefits, very large recreation benefits would accrue == on the order
of $4,000,000 to $18,000,000 annually (depending on the distance of the reservoir
from St. Louis). If the $1.60 or $2.00 figure is used, even larger recreation bene-
fits would accrue. If it is assumed that these figures represent gros: benefits, the
accompanying costs must be subtracted to provide a figure for net benefits. Even
the recreation costs (such us maintenance and repair) are difficult to estimate.
Figures ranging from 10 to 35 cents per visitor-day are often used and seem reason-
able. Using as an illustration 25 cents per visitor-day as the costs and $1.00 per
visitor-day as gross benefits, the net benefits would be on the order of $3,000, 000
to $13,500,000. If the gross benefits per visitor-doy were reduced to approximately
one~-third of the standard value (to 35 cents), net recreation benefits would be on
the order of $4C0,000 to $1,800,000 annually. Even at this lower value they would
still equai or exceed benefits from any other source.

Lond value method
One of the best methods from the theoretical point of view, that of charging

admission ond service fees of anyone making use of o reservoir for recreation, has

serious drowbacks in practice as mentioned previously. Few lakes have controlled

access which will allow the charging of admission fees. There has been, however,

some experience with lakes at which access is primarily through private property --

with the result that land values or net income from the land can be used io give some
indication of the value of recreation at that particular lake. The results of some ‘
investigations olong these lines are presented in more detail in Volume |, Chapter 4,

It should be pointed out there that there is a problem of comparability between the

lokes investigated ond possible impoundments in the Meramec Basin == primarily

differences in size and location in relation to tne market. The problem is to estimate

the differences in land value between lake-shore land and land not located near a
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loke. Cifferences of several iwndred to several thousand dollars per acre were
indicated. Chn this basis recreation benefits at a /\.eramec reservoir would be on
the order of several million dollars annually. Specific benefits would depend on

the size of the lake, its nearness to St. Louis, and the number of users of the lake.

Travel savings benefits

PSRV PN SN S

Tables 2 and 3 present another metaod for calculating travel benefits -- a

A A

conservative one -- based on the diversion of existing visitors from more distant
i impoundments to a closer one. The principle implied is that cutting down travel by
: locating activities closer is just as legitimate a benefit as building a highway to cut
\i down travel costs.

Table 2 details the distance from St. Louis of the eight nearest large reservoirs
ﬁ and their attendance. These are the same reservoirs shown on the map and graph,
(Figures 2 and 5).
Table 3 indicates the visitor miles saved by locating impoundments closer to
b St. Lovis. The critical figure here is the estimate of one-third diversion from more
distant impoundments. This is based on some questions asked at four Missouri State
Parks in our joint somple survey in 1960 and particularly the question: "If a lake

similar fo this one were built half as far away from your home, would this decrease

-

your visits to this lake?" to the extent of "eliminate completely, reduce greatly,
reduce slightly, no effect, don't know." These were scored 100%, 75%, 25%, 0
and the last, "don't know" (responded by about 20%) allocated accordingly. The
combined score was one-third diversion. The lakes proposed are only 25-60 air
miles from St. Lovis == much less than half the distance to most of the other impound-
ments; one~third diversion, therefore, is undoubtedly too low, and one-half or some
other figure might be better. However, asking people what they might do before
they do it is uncertain, so the conservative diversion of one-third wos used. The
other item, average irip length of four days, come from the some survey.
The results of this procedure are summed up in the last column "Total Visitor
Miles Saved." These figures are increased i0%, paragraph B, to toke account of :
other visitors in still closer zones who would also save miles.

o e S L S LY SRS TR SRR,
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: Tabie 2
' ATTENDANCE DATA FOK EXISTING IMPOUNDMENTS NEAR ST, LOUIS (1960)
{ Reaas Cistonce from St.Loui Tol - St.Louis Nistiordon
‘ ir Line Rood Visitor=days(1960) % of total Number
‘j. Lake of the Ozarks 135 180 4,000, 000 est. 15 600, 000
, Clearwater Reservoir 105 130 410,000 5 210,000
“}. Wappapello Keservoir 15 140 480,000 30 140,000
] Bull Shoals Reservoir 200 270 2,580,000 10 260,000
i Norfork Reservoir 190 270 1,120,000 10 110,000
is; y Table Kock, Taneycomo 220 270 3,000,000 est. 10 300,000
} Kentucky Lake 180 230 7,500,000 4 300,000
; Crab Orchard Lake 90 120 1,200,000 20 240,000
5 Total 20,290, 000 2,160, 00C
§ “Loke of the Ozarks -- local estimates; Crab Orchard -- U.S.Fish and Wildlife Service;
i Kentucky Loke == TVA, All others -- U.S.Corps of Engineers.
3 b'cod on Missouri State Conservation Commission creel census data, varying years;

Meromec Basin Project-Missouri State Park sample surveys, 1960; U.S.Fish and Wildlife
Service, 1960 (Crob Orchard); eramec Basin Project and Kentucky State Parks, 1960
(Kentucky Loke).
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in parographs C, D, ond E of Table 3 the visitor miles soved are converted
info dollars, again on o conservative bosis.

No account is faken of possible loss of business diverted from competing im-
poundments. These impoundments were built primarily on the basis of other benefits
(power, flood protection, efc.) and thus represent such costs, and only the recrea-
tion facilities per se need to be considered. The overriding practical considerction,
however, Is that recreation is growing so rapidly that there would be only a very
short term loss, if any, from the small diversions, so that the net disbenefit would
be minute.

One reduction, however, might be made to toke account of inflation in the
official oftendance figures (counting some ten minute stops as visitor-days, efc.).
If they are inflated by a factor of two, about the maximum reasoncble fo expect,
then the vorious savings would drop one~half. These are indicated in the lost line
of paragraph F of Toble 3. These savings are only a partial measure of benefits
since they do not measure newly generated business (75%~90% of the total ex~

pected). Even so, this cleor savings represents annual benefits of $700, 000 to
s"mpm - owhﬂ'h' SUM.

Potential net bencfity (coreumor's surplys)

From the attendonce prediction model (Figure 5) and the estimated attendonce
at a hypothetical reservolr 50 air miles from St. Louls (Table 1), a still closer estimate
of the total net benefits at tnis reservoir con be made which includes both diverted
ond generated visitor doys. This can be done by actuolly estimating the number of
pecple willing o go farther than 50 miles on t.ve basis of oy measures elsewhere.

For the case in question 8,000,000 visitor days (unadjusted) are willing to go from
St. Louis fo tals reservolr, but of these 8,000,000 visitor days , 4,600,000 would
bo willing fo go at (et 60 miles, 2,880,000 would be. willing to go ot least 70
miles, otc. For thase willing o go ot least 10 miles forther, they in essence are
givon a gift of ot least 20 miles round trip; thase willing to go 20 miles forther
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These gifts of extra miles can be converted info dollars on the basis of three
cents per visitor mile, wnich is composed of about holf venicle operating costs,
"alf modest ectimates of time savings (footnotes b and ¢, Table 3). These have been
summed in Column 5 of Table 4 "Travel Savings for impoundment 50 miles from
St. Louis”. Tals fable is self explonatory. Column 2 indicates number of visitor-
days (estimated from Figure 5 the prediction groph) for distances shown in Column |;
Column 3 shows the number of visitor-days in each incremental ten mile block of
distance; Column 4 represents the amount saved per visitor-day mile and Column 5
the total time and travel savings for eac ten mile block.'® The tofol savings in
Column 5 are summed to give a total of about $4,728,000. This represents the total
net benefits. These benefits would be greater for impoundments closer fo St. Louis
because of lorger ottendonce and distance savings. e have then divided this sum
by 8,000,000, te theoretical unadjusted attendance, to give tne figure of 59 cents
per visitor day waicn we have rounded off to 60 cents. This is the figure used in
all the benefit-cost calculations in tais report.

All visitors do not obfoin tals treoretical savings == some get less, some get
more == but splitting this savings equally seems reasonable, although further re-
finement and researc.) might well make another allocation. Trice ond Wood, using
a somewnat similar method, ementially based on tae difference between the medion
distonce fraveled ond almost the greatest distonce traveled (the 90th percentile),
arrive at o figure of $2.00 in Cnl!bmh.zo Our estimate is more conservative.

Still another way of treating the problem is to figure whot attendance and
revenue would be received if admission were caarged for eocn visitor == if a fence
were built around the reservoir and an entronce fee charged for every visitor doy.
On this basis, at 39 cents, 2,880,000 visitors theoretically would be willing to
spend this amount giving o fotol revenve of $1, 132,000; ot 69 cents, 1,920,000
visitors, total revenve $1,324,000; ot 99 cents, totol revenve $1,326,000; ot $1.29,
total revenve $854,000 ond 10 on in decreasing amounts. Thus the price on on admis-
sian charge basis producing the greatest revenue appeors fo be about $1.00.

"‘lhfhtm ks averaged ot 3 miles, the next ot 13, etc.

”Aa&u H. Trice ond Somuel €. wood, “M.easurement of kecreation Benefin"
.u mb. “o 1938, P 195-207.
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Tablc 4
POTENTIAL TRAVEL SAVIINGS FO« 1 POUNDVENT 50 AILES FXOM: ST. LOUIS
Listanco from  Visitor (Lays) Willing  Approx.Visitor (Days)  Travol & Timo Cests Savings

St. Lovis fo go Cistanco in in coch incromental  Conts l’erb Approx . Total
(oir milcs) Col.1, or farthor” ton milo block  Visitor=Day® (Col.3xCol .4)
) 2 3 4 5
50 8,000, 000
3,400, 000 9 $304, 000
60 4,600,000
1,700, 000 39 669,000
70 2,880, 000
960, 000 69 658,000
80 1,920,000
580, 000 9 575,000
90 1,340,000
360,000 129 470,000
100 980, 000
246,000 159 390,000
10 734,000
170,000 189 321,000
120 564,000 : .
121,000 219 265,000
130 443,000
89,000 249 222,000
140 354,000
67,000 279 187,000
150 287,000
51,000 309 158, 000
160 236,000
39,000 339 132,000
170 197,000 ‘
32,000 369 118,000
180 165,000
25,000 399 100, 000
190 140, 000
20,000 429 85,000
s s 16,000 4 73,000
»
210 104,000
Totol $4,728,000
(‘o” per V“"*’)

“Unodjustod; for odjustod figures fo proposed impoundmonts soe Table 1.

BAt $.08 por visitor=doy mile (Foomotes b ond <, Tablo 3) x ane=holf round trip
distance (represents round trips divided by two days, the avorage duration of frip os ?
datermined by survey ot iv.oramec State Park).
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This essentially is the optimum point on o theoretical demond curve. This
figure yields more net benefit tnan the diversion estimate in tre preceding section.
¢, however, is not tne optimum price ot all reservoirs; ot reservoirs closer fo
St. Lovls where most of the proposed altematives are, a higher fotal net benefit
would accrue. Either o higher price could be charged or at o low price a much
larger atfendance would be expected.

The various user fees suggested in Volume 1, Chopter 4, would have somewhat
the same effect as an entrance fee and fo this extent would cut down attendance
somewhat. However, at the competing lakes used in our calculations, fees are also
charged of many or most recreationists making use of the loke. The fees o be
chorged ot o Meramec Loke when spread over predicted attendonce would be very
small and would have only a minor effect. Hence they have not been token into
consideration,

For all the reasons noted cbove plus the convention of using a single visitor-
doy benefit partly because costs are so figured, the rough figure of 60 cents per
visitor-day has been adopted. Further onalysis could refine the figure, probably
justifying o somewhat higher amount at nearer reservoins, but, as noted, the benefit
figure will vory with the ability ond desire of tne individual visitor to pay.

Using figures of 60 cents per visitor-day for gross recreation benefits and 20
cents per visitor~day for annual recreation costs yields initial net benefits of
$1,600,000 to $4,800,000, depending on whica reservoir is constructed. These
benefits, coupled witnh the lack of sizable benefits from other sources, make it
difficult to ignore the fact trat recreatior. Is the major potential use of any reservole
constructed in the Meramec Basin.

t of wocroation cn the Local Eco. and on St. Louls

An importont by<-product of reservolr comstruction In tae Meromoc Bésin wéuld
be its effect upon the economy of tre bosin ond the St. Lovis area. Much of the
basin orea has been losing population, or of Lest. repaining atithe same level, The
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St. Lovis area, altaough growing, nos not been keeping up wita cities of comporable
size in providing new industrial employment opportunities. Aany persons feel that
reservoir construction in the Meramec Basin would help to reverse these trends. The
possible economic effects on these areas is exomined on the following pages.

Toe degree to which o recreation development provides stimulation to a local
econamy is often overestimated. owever, there is no doubt that in many other
parts of tre Qearks, reservoir recreation provides tae only brignt spot in an otherwise
lagging economy. In some coses it is tae original inhabitants of the area who are the
main beneficiaries of a recreation industry, but in others it is people wno have moved
in from ouhidc.z 4 There is little doubt that many jobs (mostly seasonal) would be
creoted if reservoir recreation were developed in the Meromec on a scale comparable
fo that ot Loke of the Ozarks or in the Waite iiver area,

Levelopment of a recreation industry should increase expenditures and net
revenues in o region. Money would be brought into the area in the form of wages
and profits for basin residents. A rise in the value of lond and facilities should
result in on increase in fax revenues, although more services will have to be provided
by local governments. Fer capito expenditures by recreationists have been variously
estimated 1o range from $1.00 or $2.00 per day > fo $25.00 per day.>> Surveys at
several National Parks provide a figure of about $5.00 per capita per day.u

2‘Aceondino fo a recent survey, about §0% of the operators of tourist-oriented
businesses in tae Czorks were actually bomn in the Czarks. ionald Bird and Frank
Niller, Contributions of Tourist Trode to Incomes of People in Missouri Ozarks,

University of Nilssour! Agricultural Experiment Station kesearch Bulletin 799,
Columbia, 1962, p. 3.

nb. S. Von Uoren, kecreational #F and Visitors %mng Gavirs
Point Lom and keservoir, Summer , State Un ty ota Business

iorry G. Clement, Kiver Bend: Its Potentiol Economic Significance for
Marylond, Marylond Cepartment of &wmm p. 11,
' (1951), $4.12; Shenondoon National
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Becouse trere would probably be more one~day visitors and less ovemight visitors,
this expenditure might be somewhat less in the Meramec. On the other aand, if o
lake were built close enough fo St. Louis to pemit persons who worked in toe city
fo commute from permanent residences on’the lakes, the infusion of capital into the
local economy migit be considerobly greater. About 3/4 of the money spent by
tourists goes into food, lodging, and transportation.

Studies made by Arthur L. Aioore for tae Outdoor Kecreation Resources keview
Cmiuionzs reveal interesting contrasts in economic nealtn between certain Ozark
counties in Missouri, Arkansas, and Oklanoma located along the shores of major
reservoirs, oand counties not so located. Luring the post ten years both groups lost
population, but the loss in reservoir counties was only 8% as compared to 25% for
the non-reservoir counties. Reservoir counties led non-reservoir counties in certain
measures of economic growtn: increase in per capita income, 57% to 23%; increase
in local tox collections, 64% to 4%; increase in refail sales, about 70% to about
30%. Probably tne major impact on tae local area would be the general improvement
of living conditions. Lesirable living conditions are often an importont factor in
attracting and holding industries and otaer busimsu.% Improvement in the competi-
tive position of the Meromec area by improving living conditions might be the most
importont effect of reservoir development.,

St. Louis would be similarly offected. Some additional spending for water
recreation equipment would probably foke place in St. Louis, altrough o large portion
of this spending would merely represent a transfer of spending from another sector of
the economy. The desirability of tne St. Louis area os a place to live would be
influenced by tne availability of nearby water recreation facilities. Larger fims are
finding this an increasingly important factor in attracting top=flight personnel. The
imporfonce of this effect should not be underestimated.

250mKic, p. 76

2 kdword L. Ulimon, “Amenities ox o Factor in keglonal Growtn®,
Geguaphicol keview, Vol. XLIV, No. 1, 1954, pp, 119-132,
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“haracteristics of Needed Recreation Facilities

The reservoir charocteristic which probably has most effect on use is distance
from potentiol users. The lower paris of the NM.eromec Basin are ideally situated
from this standpoint. Other important factors are (1) general appearance of the
shoreline, (2) size, snope, cmd stabiiity of the water surface, (3) woter quality,

(4) depth of water and seriousness of obstruction hazards, (5) the climate of the
area, and (6) quality of the fishing. All are discussed ot greater length in
Appendix B.

with regard fo general oppearance of the shoreline, the ieromec is comparable
fo other parts of the Ozarks; and is considerably better than most parts of the Midwest
outside of the Ozarks. Kolling to steep hills, fairly neavily wooded and generally
devoid of man-made eye-sores, are characteristic of the area.

The size of a reservoir near St. Louis should be large encugh to handle the
multitude of recreationists who will make use of it. (An altemative, probably more
expensive, would be to build o very large number of smaller ldzu.)v For recrea-
tional use it is importunt to have a stable water surface. If water levels fluctuate
greatly, use of the reservoir for recreation will be impaired. (Scparatc /ppondix fo this
chaptor,) The practical limifs on the amount and timing of reservoir fluctuation are
not fully known, but it is imperative that fluctuation be kept to a minimum.

water quality is imporfant, although even very muddy reservoirs will be
heavily used if other charocteristics are desirable. Water quality in the Aeramec is
best in the south-central headwaters; the least desirable areos are in the Lry Fork of
the ~.eramec or Bourbeuse rivers.

Climate also affects the use of o reservoir. Lokes in Florida receive year
around use; the use of those in Minnesoto is limited to two or three months. The
foirly moderote climate of the Meramec Bosin permifs mast types of water-based
activity during four or five months of the year, and other recreation activity during
severol more months. The hot mics ummer weather makes water particularly desirable
for recreation.

e
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Some lmm.fermmeﬂd\dmﬂhlmmlkhdhw-lllmd
Vil to the report of the Meromec Cooperative Investigation Field Committes,
ond in Horland Bartholomew and Associates, Lond Lev Study: Wash

County, Misouri, St. Lovis, 1960.
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Tne facilities needec ot a lorge lake neoar St. Louis would differ somewhat from
those neeced at most other lakes. (See Figure 7.) A Meramec lake, located relo-
tively close to the majority of its users, would experience a demana configuration
similar to that ot tae left side of the cnart, in contrast to the configuration at
right which is typical of most existing reservoirs. Picnicking ond otner day-use
activities would be much more important. Camping would be relatively less im-
porfant, although tae absolute number of campers would be comparable to other
lakes. (v/hile picnicking and comping are of equal imporfance at distances of
several nundred miles, ot distonces of less tnan 50 miles camping has only one-fifth
to one~tenth the number of participants.) Lifferences in other activities are not as
pronounced, although there is some tendency for participation in a number of
aoctivities to increase with distance from place of residence. The demand for week~
end and vacation cottages (not shown on Figure 7) should be considerable --
particularly if the reservoir were located within easy commuting distance of St.Louis.

; Summary of tae wecreation Needs of tne Meromec cosin and St. Louis

: The recreation needs of the area have been detailed in previous parts of this

* chapter, ond other aspects of -these needs are furtner discussed in Volume |. (See

i pP. 49-50 for recommendations conceming recreation; pp. 55-79 for specific

reservoir. proposols; and pp. 81-86 for a discussion of problems of administration

G ond financing of recreation developments.) It will be useful to end this detailed

discussion of recreation with a summory of the recreation needs and problems of the

Meromec dasin ond the St. Louis area =~ and a look at how these findings fit in

with recommendations of the Outdoor kecreation Kesources Review Commission

resulting from their recently completed national survey. {
The orderly development of recreation facilities is desiroble to improve the i

aftractiveness of the St. Louis region. The potential for such recreation development

in the Meramec basin is great == here exists a large scenic area close o St. Lovis

which hos not been preempted by other uses, and which possesses a faicly mild

climate eonducive fo outdoor recreation. The primary need is for mass water rec-

reation facilities; however, enthusiasm for supplying the needed reservoin should

el
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not cbscure the desirability of variety in recreation -- free-flowing streams should
be available for people who prefer them, and other types of facilities should be

made available. Balance is imporfant in recreation planning.

Keservoir controls

A formidable problem in reservoir recreation is the provision of satisfactory
conditions for maximum public use with minimum conflict. Cverall recreation
planning and coordination must be the responsibility of some public agency, and
must be undertaken long befcre reservoir construction is begun. Maximum benefits
can be obtoined by an orderly, planned development of the shoreline, rather than
haphazard development. To accomplish this orderly development, some public
agency must be able to direct and control the uses made of the reservoir and shore-
line, and must have the authority to enforce its decisions. This need not mean that
development will be restricted; a wide range of activities and developments can
be provided within this framework. It does mean, however, that private individuals
will not be able to exploit portions of the shoreline for their own benefit, to the
detriment of other potential users.

Several methods ore available to insure orderly development. The most
effective is public ownership of the entire shoreline. Selected sites could be
developed for public use, and other sites could be leased to private developers
for specified uses under the control of the public recreation agency. A slightly
less effective means would be for the public agency which acquired the land to
sell certain parcels fo private developers with controls imposed by deed restrictions
rather than by the terms of the lease. A still lesser degree of control could be ob-
fained by the purchase of easements which would restrict the owner's power to use
the lond in ways which were inconsistent with proper development of the lake. It
is sometimes orgued that this method would be cheaper than outright purchase; if
this can be demonstrated, easements could be used effectively in places. The least
effective control is provided by use of the police power (zoning). This method has
generolly proved ineffective in the past, particularly in rural areos.
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The Corps of Engineers, when it comes to locol assistance and to
recognition of the fact that a large reservoir creates problems for which
no local answer exists or is possible, must take on at least a limited
degree of the TV*'s familiar planning function.

As it is, the Corps builds a reservoir and that's it. I. evelopment
and even protection are largely up to local governments with no idea
of what they are supposed to co and no wherewithal to do it.

[ The State shoulc provicde] heavy doses of technical assistance
for counties without the resources of leadership to fend for themselves
or to employ {or even think of employing) private consultants.”

The surest method of control makes advisable outright purchase of large quan-

tities of lands surrounding proposec reservoirs.

The agency building the reservoirs should have authority to
acquire ample land to assure capture of the public benefits from
recreation . . . . resulting from the public investment. Lost to
the public, [these benefits] become a windfall to private owners.
Acquisition of most or all of the shoreline by the agency constructing
the reservoir usually is advisable. The terrain can then be more
easily studied and earmarked for its most advantageous use, without
the hindrance of speculation and profiteering in lond vo%es which
have been increased by a substantial public investment.”

There should be no legal difficulty in acquiring the necessary lands in the
Meramec since Missouri statutes provide for the acquisition through eminent domain
of sufficient lands around reservoirs for recreational purposes.”

Other controls are needed in addition to land-use controls. Ardent fishermen
resent the rise of water skiing, skin diving, and motorboating as harmful to the sport.
On every loke, however, there are long ams, narrow coves, and upper reaches of
water thot will always be more suitable for fishing than for any other activity. A
system of zoning to keep these areas free of motorboats might well be installed.

25Sylvcm ~veyer, "Influence of Metropolitan Atlanta in the Upper Chattahoochee

Valley Area", Sou'easter (Publication of the Southeast Chapter, American Institute
d an)' A‘no.g.P’o' l9$p PP- 28'64.

2%

Tennessee Valley Authority, Cutdoor kecreation for o Crowing iNation,

Knoxville, 1961, pp. 2, 7, 14, 15,
27

Excess Condemnation Law, Article |, _§27, Missouri Constitution.
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* Building permits and leases should be issued with restrictions such as those

' outlined in Appendix L'. Group boat docks could be encouraged, leaving substantial
frontage on the shore in natural condition. An architectural consultant should be
refained by the administering agency to insure harmonious development. These

!, controls will help assure maximum retum to the public on the investment of public

i funds.

! Administration

2 A broadly bas ed public agency should be responsible for the coordination
and development of recreation facilities at the proposed reservoir. This agency

.{j could assume one of several forms which have been used with success elsewhere.

i The Cook County Forest Preserve District in Illinois manages 46,000 acres for the

recreational use of Chicago area residents. In the Kansas City area, a 3,400 acre
park with a 1,000 acre lake has been developed by Jackson County Park Lepartment.
Each is operated by a single county. A4 multiple=county district, the Huron-Clinton
Metropolitan Authority, provides outdoor recrection opportunities for the Letroit
region. In the San Francisco area a regional agency, the East Bay Kegional Park
Uistrict, maintains large areas for recreation. In Ohio, the Muskingum Conservancy
district operates lond surrounding ifs reservoirs for recreational purposes.

One of these types of organizational forms could be utilized to manage the
recreational development of the N.eramec Basin, or o completely new form could
be devised to suit the specific needs of the Meromec. Since the functions to be
performed are similar fo those of a city, perhops a large area around a resesvoir
could become an "incorporated loke". An enlarged entity similar to the proposed
Municipal County of St. Louis could likewise perform these functions. A semi-
private corporation pattemed after the urban redevelopment corporation might also
be fomed to handle the jcb of recreation development. 28

A variety of administrative forms are possible. It is essential thot problems
of recreation administration be considered at the outset of project planning, so
that the appropriate agency be in operation when necded.

mlw»«-mr.—m.”..;.,,- P ST

-—,rﬂnu proposed administrative devices are from a memorandum by Wm . Weismantel .




Finoncing

The CkiiC report contains several recommendations relating to financing
outdoor recreation. These deserve reiteration here.

«ecommendation 12-1: State and local governments should
consider general obligation and revenue bonds as a means of
financing capiftal invesiments.

hecommendation 12-2: State ond local governments should
consider new revenue-producing possibilities in developing plons
for financing their recreation progroms.

kecommendation 12-3: Public agencies supplying outdoor
recrec:iion opportunities should adopt a system of user fees and

e e
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charges.
‘ 5 Kecommendation 12-4: # Federal progrom of grants-in-aid
‘: should be established promptly to provide matching funds fo the

States to stimulate recreation planning oand fo assist in acquiring
lands and developing facilities for public outdoor recreation.
kecommendation 12-5: A Federal loan progrom should be
estoblished to complement the gronts~in-aid progrom.”
Location
"Within limits, the location of reservoirs and artificiol lakes can be deliber-
otely plonned. This offers a flexibility in distribution not paralleled by ony other
water recreation resource. 30 As pointed out in Volume |, moximum benefits
from development of the water resources of the Meromec can be obfained by
utilizing reservoir sites near St. Louis. As pointed out by the C:utdoor Recreation
«esources keview Commission, the usefulness of land and water resources for outdoor
recreation hinges on three factors: (1) proximity to population; (2) physical and
legal accessibility; and (3) suitability for recreation purposes. 21l three conditions
con be obtained in the N.eromec.

The first task is to provide recreation for the metropolitan regions.
Cn the face of it, this would seem an almost impossible task, for it is pre-
cisely here thot lond is hordest fo come by and most dear. It always
has been, however, and this is why there is such an imbalonce today.
Troditionally, State recreation programs have directed pork acquisition

TR A o Al T BT T S .
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P A0 e 5 5 SR




r T 5
7 S P ST

o N i )

-

37

to rural areas. iNow that urbon lond costs have risen further

yet, it can be argued, it is too late to shift emphasis.
dut the metropolitan recreation problem cannot be solved

somewhere else. dditional recreation lond in the faraway
places is needec!, but the need is far more urgent close to
home. Such acquisition, furthermore, can be highly cconomical.
Land prices are higher near built-up areas, it is true, but for
eood reason: that is where the people are; and in terms of user

enefits 31, 000-an-acre land close to people con be o better
investment thatn $100-an-ocre land o' weekend away .®' (em-
phosis added)

Lond in Jefferson and St. Louis counties may be more expensive than land farther out
in the basin, but in terms of benefits accruing from development, it might be the
wisest allocation of funcs.

The critical need for open space acquisition is on the tringes of the built-up
area == land which will becomc urbonized within the naxt 20 years and lost for
recreational use unless steps arc taken now to prevent this. Construction of o reservoir
in the Meromec could be used as a catalyst to focus efforts on acquiring lond for
public use along the shoreline. Either of the proposed reservoirs nearest to St. Lovis
(Pacific or Byrnes Mill) would be ideal for this purpose. The opportunity will not be
ovailable long. "Outright purchase of Central Park in New York City was made in
1856 while it was still merely hilly countryside north of the city. If Central Park
did not exist today, coulc New York City afforc to dedicate an equally large tract
within its boundaries for park purposes ﬂow?"32 Cr closer to heme, what is the volue
of Forest Pork in St. Louis, which ot the time it was acquired may have seemed un-
necessory or overombitious? Time hos a way of catching up with even ambitious plans.

The recommendations of the C «nne indicate the necc to recognize recreation
s a legitimate aspect of water resource development projects.

Cutdoor recreation should be considerec os on importont purpose of
Federal multipurpose wotcr resource developments, anc thus guaranteec
full consiveration in the plonning, cesign, construction, and operation
of projects. Foderal investments for recreation shoulc be approvec when
the recreation opportunitics created are an integral ond hormonious
clement of o State or regional recreation plon . . . . This policy

3 Pe 8! .
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would permit Federal construction of an Iawundmnt primarily
for recreation in areas of particular need.

Present procedures do not fully toke recreation needs into account, but it
is likely that these procedures will be changed in the future in light of the CxkC
recommendations. |t is therefore imperative not fo plan projects according to the
procedures and criteria used 15 years ago. Lack of foresight con result in the
canstruction of projects suited to the needs of the 1940's, while the needs of the
next 50 years go unsatisfied, or only partially satisfied.

u 4 It is now beginning to be recognized that recreation must be moved closer
'3 fo the heart of woter resource plonning if the cesire of the Amarican people for
4 . water recreation is fo be adequately fulfilled.

R isiln ol st ot i i * VISR IT S AT © |

”OII&‘., p. 181,
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APPENCIX A

DISTANCE ANL RECKEATIONAL USE OF KESEAVOIKS

Specific examples of the effect of distance from markets upon the recreationcl
use of reservoirs are provided by the 1960 attendonce figures published by tne Corps
of Engineers for their reservoirs. Tne ratio of the annual number of visitor days to
the number of acres in the nomal recreation pool is used as a measure of intensity
of use. Of approximately 40 large reservoirs (those having a nomal recreation pool
of ot least 10,000 acres) listed by t @ Corps of Engineers, only seven have an attendance-
area ratio greater than 100; i.e., more tnan 100 annual visitor-days/acre. (See
Table 5.) All seven of these reservoirs are located near large metropolitan areas.
Loke Allatoona and Lake Sidney Lanier are located approximately 40 miles from
Atlanta, Georgia (population 1,000,000). Tenkiller Ferry and Fort Gibson reservoirs
are located approximately 50 miles from Tulsa, Oklahoma (population 500,000). Oid
Hickory Reservoir is located within 15 miles of Nasnville, Tennessee (population
400,000). Lavon and Whitney reservoirs are located within 50 miles of the Callas-
Fort Worth, Texas ares (population approximately 1,500,000). No other large lakes
are located at closer distances fo large metropoliton areos, and none have attendance-
area ratios greater than 100 (only four other reservoirs come close fo 100 == oll are
located near t.e Dallas-Fort Worth area).

A closer look ot some of the smaller reservoirs also serves fo demonstrate the
importance of neamess to large metropolitan areas when considering the recreational
use of reservoirs. Two small reservoirs within 50 miles of the Pittsburgh metropol iton
areo attract large numbers of visitors in spite of their small size. Crooked Creek
Reservoir, about 400 acres, registered an attendance of slightly more than o millien.
Tionesta Reservoir, about 500 ocres, registered almost 500, 000 visitor=days. No
large reservoirs are located nearer to tae Pitisburgh area thon these two lokes. The
reservoir on the west fork of Mill Creek within the Cincinnati metropoliton area,




e o AT TP
SRR AR TR EER
G ‘

40

although only 200 acres in size, registered more thon 1,500,000 visitor-days in
1960. Heybum Reservoir located about 30 miles from downtown Tulsa registered
almost 500, 000 visitor=days in 1960 even though it is only 1,000 ocres in size

and contains water whicn is almost always muddy. Cherry Creek Reservoir, within
20 miles of downtown Cenver, Colorado, registered 400,000 visitor=days on ifs
900 acres in 1960, in spite of the existence of numerous other more attractive
lakes ot sligntly greater distances. Hansen Reservoir, within the Los Angeles
metropolitan area, nas a normal recreation pool of only 100 acres, but registered
more than 1,700,000 visitor-days in 1960. These figures show the recreation

potential of even smoll reservoirs if they are located very close fo the centers of
demand -- large metropolitan areas.
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: CORPS OF ENGINEERS RESERVOIRS HAVING A INORMAL POOL
* OF AT LEAST 10,000 ACRES
1960 Attendance Size Visitor-Day
[ (Thousand Visitor-Days) (Thousand Acres) Per Acre
: : Arkansas Bull Shoals 2,580 48.7 53
: i Ovochita 2,240 40.1 5
| 1 : Norfork 1,120 22.0 51
’f-j Florida Loke Seminole 1,370 40.3 34
i ; Georglo Allatoona 2,520 12.0 208
: Sidney Lanier 5,120 38.9 131
Idoho Albeni Falls 100 10.8 9
A : Kentucky Lake Cumberiond 3,110 50.3 77
3 Minnesota Lac Qui Parle Reservoir 10 20.0 0.5
4 Mississippi  Arkabutla 390 10.1 39
: Enid 420 13.0 K7
Grenada 1,400 25.6 55
i g Sardis 1,460 28.9 51
’ Misouri  Table Rock 2,410 3.1 s
Montana Fort Peck 160 232,0 0.7
Nebrasko Harlon County Reservoir 510 13.6 40
North Dakote Garrison 340 324.0 1
Oklohoms  Fort Gibson 3,780 19.1 199
Texaoma 6,620 91.2 72
Tenkiller Ferry 2,280 12.5 183
o W Oregon Bonneville 610 8.7 3
South Carolina Clark Hill 3,00 61.0 49
South Dokoto  Fort landall 490 3.7 15
Loke Troverse 20 4.0 2
Govins Point (Lewis & Clark), 500 2.6 S5
Oche 190 313.0 0.6
Tennesses  Center Hill 1,220 18.2 70
Dale Hollow 1,020 7.7 7
Old Hickory 3,950 2.5 175
Texas Dom B Reservoir 1,270 13.9 91
Gorzo-Little Elm 2,200 2.4 8
Loke O the Pine 1,330 18.9 70
Lovon 2.” 11,8 176
Texarkano 1,640 29.8 55
Whitney 3,200 4.8 2
Virginia John Kerr 1,70 5.2 T
Washington  Lake Washington Ship Canel 1,000 25.1 40

McNary 900 ®.5 18
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APPENDIX B

QUALITY OF IMPOUNCMENTS IN RELAVION TO USE

Vhere are ma.ay factors waich offect t.e desirability of a reservolir for recrec~
tional use. Many of these are merely a matter of individual preference, but on o
great number of points there is general agreement. The factors to be discussed nere
foll in the w ole range from complete agreement to no agreement. Where there is
a lack of agreement, tais will generally be noted.

Some of these factors which affect the recreational desirability of reservoirs
are (1) general appearance of the shoreline, (2) size, shape, and stabil ity of the
water surface, (3) water quality, (4) depth of water and seriousness of obstruction
hazards, (5) climate of the area, and (6) quality of the fishing. ..any of these
factors are interrelatec to some degree so taat tae rating o the basis of one factor
will affect the rating on tve basis of one or more of the other foctors. For example,
woter quolity is to some cegree dependent upon the depth of the water, the size of
tae lake; and wil. in tum affect the fishiag quality of the lake. It is impossib!c,
tnereiore, to isolate eac. of these foctors in a discussion without mention of the
other foctors. However, inasmuch as possible, they are viscussed under the six
sub-headings listed above.

Appearange and character of the shoreline

Lanciforms

The mting of a reservoir accorcing to this factor is controlled by its various

compone:its; the typc of lanaform, the type anc quality of the vegetation, soil and
becrack chamcteristics, anc the effect of the cultura! or man-mace landscape
features. It is these physical features waich acd to (or detract from) the general
appearance of the snoreline. This appearince is the result of the aggregnte of the
above factors.

The principa! landform characteristics are siope anc reiief. Greater slope and
rolief ade te the visual appearance of o reservoir, but often mrke it more difficy!t
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to utilize the reservoir for recreational purpases. Usually, although not always, 3
high degree of slope and large relief go together. These characteristics tend to
moke o reservoir more attractive. For example, Granby reservoir in Colorado or
any of the Ozark lakes are more attractive than lakes in the Creat Flains or in the
flat forming country of the Midwest (Lake Texoma, for example). Where large fluc-
tuations in reservoir level occur, steep slopes are desirable to minimize the problems
generated by this fluctuation. If the siope is steep, large vertical fluctuations in
loke leve! will have only slight effect upon the horizontal location of the Inke
shore. However, steep slopes render the construction of recreation facilities, par-
ticularly buildings, more difficult. With steep slopes, access to the lake is also more
of a problem. These effects are offset somewhat by the better vistas afforded from
high sloping land, but apparently the effect is not great enough to compensate for
the other problems. A TVA study has established that fairly level land can command
higher prices -- at least |1nd bordering reservoirs with relatively stab'e (noa=
fluctuating) water aurfocu.'

Reservoirs in the iv.eramec Basin would compare favorably with most other
reservoirs on the basis of the landform characteristics of their shorelines. Except
for the Bourbeuse River drainage area and that port of the Salem ploteau droined by
the Ory Fork between the cities of Salem and Rolla, all reservoir sites are located
in fairly hilly land (ond even the Salem and B ourbeuse arecs are preferable to
northem A-issouri and lllinois on this count). The relatively steep slopes found in
these sections would tend to minimize the effect of reservoir fluctuation which must
occur if benefits are to be cloimed for flood control and/or navigation.

Soil and bedrock

The soil and bedrock formations of the land along o reservoir shoreline will
have some influence upon the character of the reservoir shoreline. Clay soil is
likely fo result in a muddy shoreline, whereas sandstone or sandy soil will probobly
result in a shoreline with sandy beaches. The soil and bedrock foundation of the
Meramec Basin will probably give rise fo o stony shoreline consisting of medium «
sized rock along most of its length with a few sections of muddy shoreline along

~TSee forthcoming study by Jock Knitch, Tennesses Valley Authority.
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the more level parts, Vvhile this is not as ideal as a sandy shoreline, it is far more
desirable than a predominantly muddy one. The possibility also exists that there
would be some sondy shoreline if a reservoir were built covering one of the few areas
in the basin where sandstone comprises the bedrock. (A major outcrop of sandstone
occurs along the Pacific-Crystal City axis.) The towering limestone bluffs which

are characteristic of the rivers of the M eramec Basin would also contribute to the
scenic character of the reservoir shoreline where they were not completely submerged

by the reservoir.

Vegetation
Vegetation is also very important in detemining the scenic quality of a

reservoir. Contrast, for exomple, the treeless character of many of the Great Plains
reservoirs with that of Lake Cluachitain Arkansas where one finds pine trees, deciduous
frees, and grassy pastures intermingled. A fentative scale of vegetational desira-
bility might be set up as follows: (beginning with the most desirable)

(1) Mixed evergreen trees, deciduous trees, and open land (grassland or croplond).
(2) Evergreen trees ond open land.

(3) Leciduous trees and open lond.

(4) Evergreen trees and deciduous trees,

(5) Evergreen trees.

(6) Ceciduous trees.

(7) Grasslond or cropland.

(8) Barren soil (no vegetation).

The gop between categories 6 and 7 is probably larger than the gap between any of
the other categories.

The Meramec Basin contains o variety of vegetational forms but in general
does not have large numbers of evergreen trees. Reservoirs located in the central or
south central parts of the basin would fall gommlly info category 6 (solid deciduous
forests), with perhaps o few areas of category 4 (mixed evergreen and deciduous
forests) where pine trees become numerous enough. Most other parts of the bosin
would foll into category 3 (deciduous forest and open land). 4long some parts of
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the lower Big River, juniper (cedar) trees become numerous enough to justify a cate-
gory | roting (mixed evergreen forest, deciduous forest, and open land) although

this type of evergreen tree is probably not in the same class as pine trees. From the
standpoint of the scenic quality of the vegetation this section of the lower Big River
would probably attain a fairly high rating, with the rest of the barin not far behind.

Cultural features
Cultural features of the landscape can either add to or detract from its appear-

ance. A reconstructed colonial or frontier village overlooking the lake would be a

definite asset. Well-designed and constructed public or private recreation facilities

would likewise be an asset. However, uncontrolled commercial or private facilities
could tend to reduce the value of a reservoir for recreation because of their un-
sightliness. Two contrasting exomples from the state of Chio serve to illustrate the
difference between controlled and uncontrolled developments. At Buckeye Lake
near Columbus unplanned development has resulted in a hodge-podge of closely
spaced houses (many of them poorly maintained) immediately adjacent to o noisy
omusement park. Less thon 100 miles away, by way of controst, the structures along
the shoreline of Leesville reservoir (one of the Vwskingum reservoirs) blend into the
shoreline because of the stipulation that only certain colors and finishes may be used
on the outsides and roofs of these structures. As a result these structures blend into
the background of the shoreline and do not intrude upon the conscicusness of other
loke users.

Physical characteristics of the lake

Kesorvoir size

The size of a reservoir is important for some types of activities; unimportant
for others. Cbviously, a larger-sized reservoir can accommodate more recreationists
thon @ small one. However, the aspect under consideration here is the size of o
single reservoir. In other words, is there any advantage to having a single reservoir
of 20,000 acres rather thon 200 reservoirs of 100 acres each? As mentioned previ-
ously, the answer depends upon the activities under consideration. For motorboating
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and woter skiing large expanses of water are necessary. However, even for these
activities, there is probably a size above which any increases are irrelevant, Motor-
boaters in particular often like to be able to take long trips and explore numerous
inlets along a large lake. Size is also of some importance to people who make only
visual use of the lake (campers, picnickers, sightseers). Here again, there is undoubt-
edly an upper limit beyond which additional increases are irrelevant. Sites are avail-

able in the Meramec for reservoirs ranging frem a few acres to almest 100, 000 acres.

Reservoir shape v
The shape of a reservoir is not one of its most important characteristics, but is of

some concem in several types of recreation activity. The broad, flat, open type of
loke is preferred by sailboaters becouse of the unobstructed breezes it offords and by
water skiers because of the grecter maneuvering room afforded them. The narrower,
more winding type of lake is preferred by most users who are interested only in the
scenic quality of the lake. Motorboaters are divided on the subject -- some pre-
ferring the large open lake for speedboating, others preferring the winding type of
lake for the scenic vistas it affords. Most potential Meramec reservoirs are of the
lotter type. (The size of a lake is usually available and is given in acres. The shape
of a loke cannot easily be reduced to a single statistic. However, some idea of the
shape of a lake con be derived from o comparison of the size of a loke and the length
of its shoreline.)

Stability of reservoir surface

The importance of stability of the lake surface (the omount of fluctuation)
depends upon the degree to which each activity is associated with the shoreline.
Swimming is very much a shoreline activity ond is therefore affected to o greater
degree than most other activities. Loke fishing from the shore is affected to o lesser
degree. Fishing from boots, motorboating, and water skiing are affected only insofar
as the maintenonce of boot launching focilities becomes more difficult and expensive
with increased fluctuation. Other octivities would be affected only if the fluctuation
hod o detrimento! effect upon the appearance of the vegetation along the shoreline.
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(A more detailed analysis of the effects of reservoir fluctuation is contained in a
separate appendix to this chapter.)

Cepth of water

The depth of a lake is not in itself one of the more important factors. It does,
however, have an effect on other factors. For example, it affects the turbidity and
temperature of the water and its potential for fishing. A certain minimum depth is
required for water skiing and boating, but once these few feet of depth are obtained,
depth of water is not critical. (If use of the more shallow portions of a proposed
reservoir for motorboating and water skiing is onticipated, it is necessary that

greater care be exercised in removal of tree stumps and other obstructions from
these shallow sections.) Cepth of water is very important with regard to a sport
which is becoming increasingly popular == skin diving. Both water clarity and
water depth are desirable for this activity.

Water gual ity

Ancther important factor affecting reservoir attractiveness is water quality.
The most important measures of water quality for recreational purposes are (1)
turbidity, (2) sonitary or bacteriological water quality, and (3) temperature.

Turbidity
Turbidity, although not necessarily the most important factor, has on effect

upon a greater number of activities. Since muddy water is noticeable from a great
distance, it offects not only those activities which involve direct physical contact
with the water, but olso those whose only contact is visual. While the primary
effect of turbidity will be felt by those activities such as boating, water skiing, and
swimming ‘which require close contact with the wated, some effect will also be
noticeable on camping, picnicking, and sight-seeing.

Sonitory quolity and temperature
Sonifary water quality and temperature of the lake water influence only those

activities in which the recreationist is in actual physical contact with the water.
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However, its effect on these ~ctivities is very grent. Water skiing and swimming
may be comp'ete'y ru’'ed out if the wrter temperture is too 'ow or if the w-ter is
pol'uted. Fishing is -1iso gre+t'y ~ffected by these two factors. Water po'lution
can grent'y dom~ge or even completely eiiminnte the fishing potenti~' of ~ reservoir.
Changes in water temperature con nlso effect greot changes in the ch~r~cter of the
fishery resource. At Lake Taneycomo in southern Missouri, for ex~mp'e, warm
wnter species of ke fish have given way o co!d water species (trout) when the
relexse of co'd water from the new!y comp'eted Tab'e Rock Lrke upstream effected
n change in w~ter temperature. At the svme time w-ter skiing hns decresed, -nd
swimming in the | 1ke hns been gre~tly reduced (most resorts on ke Taneycomo
hve found it necessary to construct swimming poo's for the use of their guests be-
cause the ke water it too cold for comfortable swimming). Both natura! ~nd man-
made |skes have had their recrevtion potentinl reduced by po!'ution. Benches
along ports of the Great Lakes have been closed because of po!'ution. In tie
Viuskingum Valley, plans for a recre~tion poo! behind Dover Com on the Tuscaraw-s
River were sbandoned because of wstes dischrrged into the river by cities upstre-m.

Fishing

The fishing quality of a Ivke is rather difficult to define. It is represented
by such statistics 2s the rate of catch, the size of catch, the species composition
of the catch, and other factors. It is importnt to on'y one ~ctivity == fishing.
't is not necessrily linked to other factors: for instince, even if ~ reservoir were
highly rated on e~ch of the other factors ~ffecting recre-tion use but ~ poor
reservoir for fishing, its use by fishermen wou'd probably be limited. (The fishing
quality of n reservoir wou'd probably h+ve some effect Also on skin diving.)

Climate

Climnte is 1nother factor which affects recrentional use of o reservoir. It
ronks with turbidity in the number of octivities ~ffected. A re~sonsb'y mild
femperature is required for most wrter<based activities. Thase nctivities requiring
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physical contact with the water (water skiing and swimming) are greatly offected by
femperature. Activities which take place primarily out of doors are likewise greatly
affected (comping, picnicking, and boating). Niotorboaters can insulate them=
selves samewhat from the cold temperatures, depending upon the type of boat. Again,
fishermen seem less susceptible to the conditions of precipitation than do other
recreationists with a similar degree of protection from the elements.

The climate of the St. Louis area is ideally suited for most types of water-
based activity during three or four months of the yeor. The weather during the summer
months is warm and reasonably clear. This summer recreation season is preceded and
followed by a period of one or two months during which weather conditions are
generally suitable for some kind of outdoor recreation activity. There is only a
period of approximately four months during the winter when conditions are such as
to discourage most types of outdoor recreation,

Accessibility

An additional factor affecting the recreational desirability of a reservoir, but
somewhat in o'closs by itself, is accessibility. It is o factor which is influenced by
natural factors but is controlled by human factors. The term accessibility is used to
refer to two slightly different factors, One is the distance in ferms of miles or
minutes from major centers of demand to the reservoir area, The other use of the
term refers to the degree of difficulty of cbtaining access to different parts of the
reservoir and its shoreline, Obviously both are important to the recreational use of
a lake, and they offect all types of recreation activities.

Summary

A summary of the effects of these various factors on different types of activities
in tabular form is presented in Table 6. The previous discussion has been on o
foctor-by-factor basis. The review which follows is on on octivity-by=-octivity basis.

Other boating is 2ffected by the four shoreline factors, by reservoir shape, by
turbidity, ond by climote. iViotorboating is likewise affected by the four shoreline
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characteristics, It is likewise offected by the size of the reservoir, and to a lesser
degree by itsshipe 1 cepth. Turbidity of the water is quite important,and climate
is of some importance. Water skiing is greatly influenced by the size and shape of
a reservoir and fo some extent by its depth. It is also greotly offected by the three
measures of water qdoll'y ond by climate.

Swimming is affected by the soil ond bedrock characteristics of the shoreline
ond fo o lesser extent by the landforms nd vegetation. It is very greatly affected
by the stability of the water level ond the depth of the water. All three measures
of water quality are of great importance, as is climate.

Fishing is somewhat affected by reservoir stabil ity, depth, turbidity, ond by
climote. It is affected to a greater degree by the sanitory quality of the water,
water temperature, and of course, by the fishing quality .

Comping is most offected by the four shoreline characteristics and by climate.
It is affected to a lesser degree by the size and shape of the reservoir and the
turbidity of its water. Picnicking is affected by the same foctors as comping, and
to roughly the some degree. Sightsesing ond relaxing are also affected by the same
factors, and approximately to the same degree (except that climate is of less
importance).

Skin diving is affected fo a slight degree by the fishi g quality, and fo agroster
degree by the depth of the water, the climate, and the three mecsures of water
quality .

iieramec reservoirs would rate well on most aspects of reservoir quality.
Shoreline choracteristics would be quite good. Sites are available which allow
good physicol lake choracteristics, but care must be faken fo insure that use of
reservoirs for multiple purposes does not adversely ~ffect reservoir stobility (shoreline
fluctuation). Water quality in o Meromec reservoir would be above average. Fish-
ing quolity should also be good, and the climatic characteristics of the area would
asure o fairly long recreation season. The foctor of accessibility is of considerable
imporfance, ond it is here that Meromec reservoirs would be most highly rated.
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However, even within the /vieromec there are sizable differences in occessibility.
Reservoirs nearer St, Louis would provide benefits to a larger number of persons
and are therefore preferable to more distont ones.
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APPENDIX C

RECREATIOINAL VALUE CF LESERVOIRS AT VARIOUS LOCATIONS IN
THE MERAM.EC BASIN

The optimum location of a reservoir primarily for recreational purposes will
reflect the interaction of a number of often conflicting factors. Probably the most
important of these is proximity to a large number of potential users. Other factors
include the scenic quality of the landscape ond the quality of impounded water,
The relative desirability of these factors must be balonced against the amount of
benefits to be derived from other multiple purpases and the costs involved in con-
structing a reservoir at a particular site.

Whot follows is o very general discussion of passible reservoir sites in the
Meramec Basin with primary attention to their recreational value, and secondary
attention fo other possible benefits. The analysis is not made on the basis of precise
data, but only on rough estimates of the importance of these various factors. The
potential reservoir sites are considered in ascending upstream order.

Sites on the lower Meromec River

Several potential sites exist in the lower Meromec Basin (that is,on the Meromec
River below its confluence with the Big River). In this area there are three likely
dam sites which could be used to create lakes extending above the confluence of the
Meromec and Bourbeuse Rivers and on the Big River to a point above Morse Mill. The
first site, near Fenton, would create a loke which would havc the advantages of baing

o large loke, in fairly scenic country, and as close to the St. Lovis Metropoliton

Area as is pomsible. Unfortunately, it suffers from the disadvantoge of being very
expensive fo construct. Within the areas to be inundated by this lake are the cities
of Volley Park, Times Beoch, and Pacific; the $50,000,000 Chrysler assembly plant;
more than ten miles of the main line of the Missouri Pacific and the Frisco Railroads;
as well as several miles of the recently completed interstate highway. The replace-
ment costs of these facilities result in unduly large costs for the project.

Another site exists several miles upstream at Lincoln Beach. Although located
somewhot forther from the heart of the St. Louis urbanized area, it would possess
sizable recreation potential It would have the advontage of sparing the city of
Volley Park and the Chrysler assembly plant from inundation, and would avoid mest
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of the relocation of Interstate Route 44, However, it would require railroad reloca-
tions as extensive as those of the previously described reservoir, Again, these costs
are likely to prove excessive when comparédto the costs of other passible locations.
A third lower-basin site is located just above Times Beach. In nearness to
the St. Louis Metropolitan Area, it is comparable to the previously described loca-
tion, A dom ot this location would have the advantage of dislocating only one
major town, Pacific, requiring no relocation of the interstate highway, and less
relocation of the railroads than the preceding two reservoirs. |fs scenic character-
istics and the quality of its water should be little different from the previously
described reservoirs. In terms of accessibility it rates somewhat below the Fenton
reservoir, but very similar to the Lincoln Beach reservoir. All three of these reser-
voirs would have less clear water than some upper basin reservoirs because they would
receive water from both the Bourbeuse River ond the Big River in addition to the
NMeramec River. These reservoirs would have advantages over upper basin reservoirs
in the ease witn which regulation of shoreline uses can be acnieved. Parts of these
reservoirs would be in St. Louis County, which has an active Planning Commission
equipped to perform such zoning as would be needed. The other parts of the lake
would be in Jefferson and Franklin counties, both of which are probably more aware
of the need for planning and zoning regulations than would be the case in upper
basin countles.
Rkeservoirs in the lower basin would possess certain advantoges in reference
fo otherbenefits to be cbtained from water resource development. The reservoir
formed by o dam near Times Beach (Lake Pocific) could do an efficient job of flood
control in the lower Meromec because of its location just above the primary flood
damoge centers. The other two reservoirs would probobly flood out as much or more
woable property as they would protect in the Meramec. All three reservoirs would
be most useful for Mississippi River flood protection. All three would likewise be
ideally suited for Misslesippi River navigation benefits. Because of the large surface :
orea and the relatively steep shoreline, o great deal of storage would be available
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without large lateral fluctuations in the reservoir shoreline. If hydroelectric power
should prove feasible, these dams would be well located with regard to the demand
for electric power. Water supply benefits in the Meromec Basin are likely to be
limited fo supplying water fo potentially deficient areas in northern Jefferson
County and southem St. Louis County. These three reservoirs would be ideally
situated to satisfy any demand for the municipal and industrial water from this area.

Sites on the lower Big River

The next most desirable group of reservoir sites with regard fo thelr recreational
value is found on the lower Big River. The most promising sites in this reach are one
ot mile 0.5 above the mouth of the base (Bymes Mill Reservoi, one near Cedor Hill,
and one above Morse Mill,

The site near the mouth of the Big River offers the most in terms of accessi-
bility fo St. Louis recreationists. A dam at this location would result in u wide,
atiractive loke and would cause o minimum of disruption fo settlements ond lines of
communication; no railroads or major roads would be affected. In mast aspects it
would be similar to the Times Beach reservoir, but would be only one=third fo one-
half the size. It would have the advantage of cousing less dislocation, but would
have the disadvantage of storing less water per dollor invested.

The Cedor Hill reservoir would be similar in mast respects, but would cause
less dislocation since it is located above the fown of Cedar Mill . Therefore, it
would affect only Morse Mill. The Cedar Hill reservoir would olso be semewhot
less accessible o St. Louls recreationists.

A reservoir located cbove Morse Mill would cause practically no dislocation.

However, hmﬂdhhlﬂmﬂodhﬁumﬁnh‘m&
"V"o

All three of these reservoirs on the lower Big River would probably have
water quality similar to reservoins on the lower Meramec River. Theilr coniribution
fo flood control and navigation, however, would be considerably less becouse they
control enly about ane~fourth as much droinage area as the dams on the lower
Meramec .
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Sites on the middle Meramec River

The next group of reservoirs in ferms of accessibility are on the Meramec
between the junction of the Dourbeuse River and the junction of the Big River.
Water quality in this area would not be significantly different from that of the
previously described reservoirs. A dom at the Robertsville location would cause
paris of the city of Union to be inundated, and would require relocation of small
segments of the Interstate Route 44 and the Frisco R-ilroad. Its value for flood
control and ravigation would be high, since it would control more thon half of
the total drainage area of the Meramec ot a point just above the reaches of maximum
flood damage .

Sites on the upper Meromec River

The next group of reservoirs in terms of accessibility would be those
located on the Meramec River above its confluence with the Bourbeuse River. All
of these sites would be easily accessible from Highway - 66. All would have water
which is considerably clearer thon any of those sites previously mentioned (because
they would be above the sediment-loden Bourbeuse River). All of these reservoirs
would be fairly useful for flood ond navigation storage. However, reservoirs in
this area pose a problem because of the scenic caves which are located along the
river. These are presently the major scenic attractions of the Meramec region, and
mony would be flooded by several of the possible reservoirs in this reach. unless
their capocities were limited. (The location of these caves is shown in Figure 3
of Volume 11, Chapter 4.)

Ancther disadvantoge of large reservoirs in the upper part of this area
would be the flooding out of two of the mast pleasant canoeing ond fishing streams
in the Meramec Basin -~ Huzzah and Courtois Creek. The heavily wooded area
which would make up the shoreline of these reservoirs would be quite attractive
MWMQMMGWMMWMdWOM). An
edditional advontage of reservoirs in this area is that part of their shoreline would
be olong lond which is olready publicly owned (Meramec State Park and Huzzoh
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Wildlife Area) and the scquisition of more public land by axpanding thase are s
would probably be facilitated.

Sites on the Bourbeuse River

Another group of reservoirs might be constructed on the lower parts of the
Bourbeuse River. All of the feasible sites are above the city of Union. The lond-
scape created along these shorelines would be quite pleasant -- composed of some
woodland interspersed with cultivated fields. However, bacause of more gentle
slopes, problems arising from shoreiine fluctuation would be greater. The water
would be muddier than the water of any of the previously mentioned reservoirs.
An odditional drawback is the general opposition io large dams by the people of
the Bourbeuse River area. In terms of accassibility to large numbers of recreationists
these reservoirs would rank below those on the Meromec previously mentioned. The
flood control and navigation potentiak of reservoirs on the Bourbeuse would be less
than any of those previously described for the Mieromec, and would be comparable
fo those previously desc-ibed for the Big River.

Sites cn smaller streams

s Two other groups of reservoirs deserve mention. One group would consist
of reservoirs on the upper reaches of the Meromec, Bourbeuse, and Big Rivers;
another group would consist of reservoirs on some of the smaller tributaries of
these rivers in the lower basin closer to St. Louis. The lotter group would have
considerable recrection pofential, but costs are likely to be higher than the larger
reservoirs (based on dollars per unit of capacity). They would, however, offer
odvontoges ~-- more flexibility of location, probably less fotal cost, and greater
ease of zoning for spocific types of ure. Amony the disadvanfoges would be their
limited multi-purpose use, their high cost per acre of water surface provided, and
the possibility that they would be quickly saturated by recreationists.

The other group of reservoirs, those in the upstream reaches, would have
more limited utility for recreation. All would be relatively distant from the primory
source of demand in the St. Louis area. They could probobly take care of local
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demond, however, and a number of the smaller reservoirs might be utilized for
this purpose if a lange reservoir were built very close to St. Louis. Several types
are possible, One would be a debris or sediment dom on one of the muddier
rivers such as the Bourbeuse or Dry Fork. Its purpose would be to intercept sediment
fo prevent it from flowing into the river and/or reservoirs downstream. Becouse
the reservoir would remain filled with water at a fairly constant level, it would
receive some recreational use. However, because of the distance from popula=
tion centers and because of the muddiness of the water, this recreation use may not
be large. Another fype of reservoir might be built for purposes of low flow aug=
mentation on the Huzzah or Courtois == o maintain the streams ot floatable
leveis for longer periods. These reservoirs could be used for recreation during

the spring ond early summer. Af other times the reservoir would most likely be

dry. Distance from potential users would also be ¢ hondicap in the recreationol
use of this iype of reservoir.

Summary

The best location for reservoirs in the Meramec Basin in terms of usefulness
for recreation is the lower Meromec River or the lower Big River. The second most
desirable location is the Meromec River above its confluence with the Bourbeuse
River. Reservoirs in this area would be useful for recreation, but would suffer
from being considerably less accessible to the St. Louis market than the lower
basin group.

Depending on the location of o major reservoir, a few smaller tributary
reservoirs might be found useful to supplement the supply of recreational facilities.
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APPENDIX D

SAMPLE COTTAGE SITE LEASE
(Used by the Muskingum Conservancy District)

TO HAVE AND TO HOLD said premises unto the Lessee for the term of one (1) year from the .................cmmmnnn.. day
of 19 unless sooner terminated as provided herein, together with the right of access
to the waters of Reservoir at an approved point and to use said waters for

fishing, boating, skating and other approved sports, in accordance with the rules and regulations of the District and the
right to construct an approved boat dock at the said point of access, and upon the payment of all
the right to place not more than two (2) boats on said waters at said point for the use of
himself, members of his family and his guests; subject, however, to the following:

(1) Any flood easement that may have been or that may hereafter be conveyed by the District to the
United States of America; ;

(2) An Agreement of Lease between the District and the State of Ohio dated September 5, 1958, for a perfod com-
mencing July 1, 1961 and ending June 30, 1986, with option of renewal.

This lease and the rights of the Lessee hereunder shall also be subject to all future modifications,
renewals and/or extensions of said agreement of lease between the District and the State of Ohio,
upon the same or modified terms, as well as any future agreement or agreements replacing said
existing agreement of lease, and Lessee by .................. acceptance of this lease covenants and agrees
not to prevent or interfere with public use of areas designated for public use in said agreement of
lease and any present or future modifications, extensions or renewals thereof, or future agreement or
agreements replacing said agreement of lease.

(&) All existing oil and gas leases and utility rights-of-way thereunto pertaining;

(4) The right of the District and, or the United States to maintain and operate the
Dam and Reservoir in accordance with the Official Plin of the District, said District and the United
States not to be liable for damages of any kind to the property of the Lessee located upon said premises
or used in connection with the rights granted under this lease resulting from the operation of said Dam
and Reservoir or from any other structure owned, constructed, operated or maintained by said District !
or the United States.

Yielding and paying therefor during ssid term, at the office of the District, an annual rental of

I AP IR Ao P ARISb O T St 4 T

Dollars ($. ), in payments to be made as follows:

such rentals, or installments thereof, that are due and unpaid shall bear interest at the rate of four (4) per cent
annum until paid, and such rentals including interest, shall be a lien on any structures or other property of the
Lessce, located on sald premises until such rentals and interest have been paid.

I The Lessee hereby covenants with the District as follows:

(1) To pay the rent reserved on the days and in the manner aforesaid.

(2) To save the District free and harmless from the payment of any taxes levied on said premises that are based
upon & tax valuation for the premises in excess of the tax valuation at the time of the execution of this lease and any
taxes or assessments levied against said premises because of change in use from the uses prior to this lease, to the
for in this lease, or because of any improvements erected thereon.

(3) That unless he notifies the District in writing not less than thirty (30) days prior to the expiration of this
lJease, or the expiration of any yesrly renewal and extension to it, he shall be deemed to have exercised the option
granted by the District under Section (2) of its agreementa to have the lease renewed and extended for a period of one

|

To use said premises solely for residential and recreational purposes for himself, the members of his family
any character whatscever; and not to harbor any

!

" use or permit the use of said premises, or any rights granted under this leese, in connection with or
' t“ivlm s 404 specifications  for all bulldings, improvements, . alterations, docks and other structures,
landsssping werk, to the Bugineer for approval before they sre constructed, which plana shell include the color
dl‘“ﬂm
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(7) To keep said buildings, improvements and structures free from all liens, charges and encumbrances, except
such as may be first approved by the Board of Directors in writing and to bear, pay and discharge all taxes which may
be levied against the same, and save the District against any such liens, charges, encumbrances and taxes.

(8) To construct or place no cottage or dwelling house on said premises costing 1ess than .........cccccoooceme..... Dollars

[ PRSIl ) and to maintain not more than one (1) such cottage or dwelling thereon, nor more than one (1)
one-car or two-car garage.

(9) To erect no buildings below elevation feet above sea level.

(10) To keep all buildings and other structures on said premises in a satisfactory condition of repair and appear-
ance. To make no alteration in the externsl elevation or architectural design of the buildings on the demised premises,
or injure or remove any of the principal walls or timbers thereof, without the consent in writing of the Board.

(11) To permit the District, its agents, and its tenants having leases with the District similar to this lease, to use
the right-of-way for ingress and egress granted herein. To repair any and all damages caused by him, or other parties
using said premises under this lease, to any roadways on said right-of-way, it being understood that the Lessee shall
have the right to enter into agreements with other leaseholders for the construction and maintenance of such roadways.
Not to require the District to maintain roadways on said right-of-way, provided the District shall repair any and all
damages caused to said roadways from the use of said right-of-way by its agents.

(12) To keep without expense to the District, said premises in a clean, sanitary and presentable condiiion, and
by approved methods remove from District property or destroy all waste, refuse, garbage and debris resulting from the
use of said premises and the rights granted herein. To do or permit nothing to be done which may in any way poliute
the waters of the District, and to meet, comply with and abide by the rules and regulations of the State Board of Health
with respect to sanitation as far as they are applicable to said premises, lands and waters of the District.

(13) Not to use said premises for any illegal or immoral purposes, not to commit any disorderly, boisterous or
indecent act on lanfls or waters owned or controlled by the District; not to permit or suffer any nuisance on said

(14) To observe at all times and comply with and cause the members of his family and his guests to observe and
comply with all laws, ordinances, rules and regulstions in any manner affecting his operations under this lease, and
protect the District against any claim or liability arising from or based upon the violation of any such law, or
rule or regulation whether by himself or members of his family or his guests.

(15) Not to cut, shoot at, bark or otherwise damage or destroy any standing trees of any size or shrubs on District
lands, except by permission of the Engineer, and to do nothing upon the lands and waters owned or controlled
District that will mar the natural beauty of the same. Not to destroy or in any manner interfere with
other habitat of birds.

(16) To tgke special precaution with respect to fires by not carelessly dropping or throwing about burning
hot ashes, smoking materials, or any inflammables; not to build on Distgict land any bonfires, or other fires
permission of Division of Forestry, State of Ohio; and to construct and maintain all chimneys, fireplaces
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repairing,
standing that said right-of-way must be so used as to interfere as little as poasible with the use of the premises

(18) To permit the District to enter said premises and summarily abate and remove any erection, thing
dition that may be or existe thereon, coatrary to the intent and meaning of the provisions of this leass, and it
be deemed guilty of any manner of trespass for such entry, abatement or removal. l:‘
the provisions
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6)

(29) To promptly report to the proper officers all violations of law and the rules and regulations of the District
and the Division of Nafural Resources.

(21) Not to assign. transfer, subjet or therwise dispose of this lease or any part thereof, without the previous cor
sent of the Board, in writing.

(22) To yield up the demised premiscs at the termination of this lease, or any renewal thereof, in as good order
and condition as the same now are or may be put by the District, reasonable use and wear snd damage by fire and
other unavoidable casualties excepted.

III. And the District hereby covenants with the Lessee as follows:

(1) That the Lessee paying the rent hereby reserved and observing and performing the several covenants and
stipulations herein on its part contained, shall peaceably hold and enjoy the demised premises during the said term
without any interruption by the District or any person rightfully claiming under it, except as hereinbefore provided.

(2) That the Lessee shall have the right and option to have this lease renewed and extended from year to year
for periods of one (1) year until a date fourtecn (14) years from the beginning of this lease, and the Lessee shall have
the first preferential right and option to enter into a new lease agreement at the expiration of the 14-yesr period,
which new lease shall be simmilar in nature and form, but with such revision of rentals, terms and other conditions as
the Board muy deem necessary; and the Lessee shall have the right to similarly enter into a new lease agreement at
the end of each subsequent 14-year period, provided that in all cases all of the covenants and agreements of the Lessee
£hall have been fully performed as herein stipulated. and provided further that this lease will not be renewed heyond 2
date five (5) years frcm the beginning of this lease, unless at the end of the five (5) vears the Lossce shall have erected
and is maintaining an approved cottage or dwelling house on the premises with a cost as provided herein.

(3) In event this Jease, by exercise of the option for year to year renewal hereinbefore provided, continues in
effect for more than seven (1) vears, the yeul{nrental for the years subsequent to the seventh year shall be subject
1o adjustment and change as herein provided. determining whether a change shall be made in the annual rental st
the end of the first s~ven years, the “Index of Change in Prices of Goods and Services Purchased by Citv-Wage Earner
and Clerical-Worker Familics to Maintain Their Level of Living” issued monthly by the U. S, Bureau nf Labor Statistics,
which index is commonly called the “Revised Consumers Price Index” or “BLS Cost-of-Living Index”, shall be used

as a standard. If the ssid index figure for the month of January ... shows either a rise or fall from the index

e for the month of January ............... » the annual rental payable under the terms of this lease for the year: be-
ing with the eighth vear the lease is in effect shall be correspondingly increased or decreased to the nearest dollar

figure by the percentage difference representing the increase or decrease of the January ... index figure as com-

pared to the January ... figure. In event such presently issued monthly index should be discontinued or a new
or revised one substituted therefor by the Burcau of Labor Statistics or other agency of the United States, such new or
revised or other simi'ar index as is generally accepted as a substitute shall be used for the urpose of computations
under this lesge, with such conversion factor or other device as shall be generally rceco(nizﬂ:iP and adopted in connec-
tion with contracts based on such index.

(4) That any buildings erected by the Lessee on said premises shall be the property of the Lessee, except as
herein .mwhd. and may be removed by him, provided all moneys due or to become due under the terms of this agree-
ment have been paid; provided also that all liens placed upon the %ro erty covered by this lease, including said
bu by the act or default of the Lessec shall have been satisfied whether such liens have been made with the
approval of the District or otherwise; provided also that said buildings are removed within thirty (30) days after the
termination of this lease for any cause; provided also that the removal is done in an approved manner t will not
cause damage to any promty of the District and wiil leave the premises in a neat and orderly condition; and provided
further that before said 'dings are removed the Lessee shall furnish surety bond in such ¥onn and in such amount
as will be satisfactory to the Board conditioned upon the removal being made in a satisfactory manner.

(3) All cottage site leases are subject to the same general restrictions and reservations contained in this lease.

IV. Provided, always, and these presents are u this condition, that if the rent reserved or any t thereof
shall be unpaid, or if at any time J the covmutsp:nud agreements on the Lessee's part herein conmnrlr shall not
be performed or observed, the Board shall have full right to demand immediate payment in full of all payments due
or 1o become due under the terms of this lease, and shall have full right to use every remedy provided for in this agree-
ment and at law to collect such Wn“' and this lease t shall become void tc all intents and purposes
t ﬁ by mailing to the thirty (30) dofn‘ written notice thereof, and from

the Lessee in the premises described shall terminate and cesse and ghall revert
District. the full right to re-enter upon said premises, take and possess the same, together with all buildings

to the

IV. Provided, always, and these presents are upon this condition. that if the rent reserved or any part thereo! shal!
be due and unpeid, or it at any time any of the covenants and agreements on the Lessee’s part herein contained shall not be
shall have full right to demand immediate payment in full of ell payments due or "o be-
lease, and shall have full use every remedy provided for in this agreement and at
this lease agreement shall become void to all intents and purposes whatsoever. at the
to the Lessee thirty (30) days’ writien notice thereof, and froin thenceforth all right,
and the premises deseribed shall terminate and ccase and shall revert to the District, with the
right to re-enter upon suid premises, take and possess the same, ‘ogrther with all buildings and improvements thercon
except as provided herein. in the same manner as £ this Jease had never been executed. Failure by the District to enforce
wd‘Wd.dul—nmhnmthmummttoao-oumnmr.ocwmmmu

as provided. :
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