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StJBJECT:~~~~mments on &dvance ~~opy of~.$umma ry~~eport on ~~eramec7L~~’ ~~t3$OUri s~~ OmPrehensiv .J asjfl3p~dy

MEMORANDUM FOR RECORD :

C~. 1. A preliminary r eview of subj ect report has rais ed a numberof questions on which additiona l information or clari fication is required ,These ar e discussed in the following pa ragraphs .

2. Reference is made to letter of 24 November 1964 , on subj ectreport , in which it is stated that “Th e Board decided to retur n the repo rtto the District to awa it receipt of the official report of the Publi c HealthService from the U. S. Department of Health , Educati on , and Welfare ,relating to . the potential n eeds and valu e of water storage for municipal,industria l and quality control purp oses . ” . A report prepared by HEW
-
~ ,

- 
~~~~~

. . Pub].jc Health Service, Region VI ,. Kansas City , Missouri, December l964~)
~~~ ).; has been included as Attachmeht 1 on the subj ect summary report. How— iever, it is understood that HEW , Washingt on, has not yet given its• approval to the field repo t, .-

.

~3. -4ttachnI.nt 2 , on the summary report , pres ents a detivationof water supply and watet quality control requirements prepared by the -
Corps of Engineers ~~d stat ed to be based on data and infor mation fur-nish ed informally by the U.. S. Public Health Service. However the watersupply and water quality demands developed by the Corps are somewha tlarger than value. shown in the HEW field repor t . Both report s state thatth. only ares in the basin where there is a need for low-flow augmentat ionin th, interest of water supply , i~ in the lower Meramec River basin area-

• ~~~ch M-7 • The ~~~~~ report states that the withdrawal of ground water ‘
•• .j ~ifl th. upper areas may be increased to 280 million gallons per day withoutdp 1~~1on of the aquifer. Since the need for water quality In the upper .

. I .
~~~~ prior to 2020 is about 70 m.g.d ,, a. indicated by HEW, consider.-

.
~~ uz *ight be given to the use of this ground watir as the need develops, 

-a. stalternati,. suppl.aontsiy source icr water quality control In the
~~~~~upPsr bsa1s. • .‘ H ~~T . - 

~
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ENGBR 23 J uly 1965
SUBJECT: Comments on Advance Copy of Summary Report on Meramec

River, Missouri , Comprehensive Basin Study

4. The HEW report , page ‘1111-13, states that the most likely
alternative to providing reservoir stora ge for water quality control
above Reach M—7 , was found to be pumping part of the trea ted wastes
19 miles to tha Mississipp i River where sufficl.nt flow 1. available
to sati sfactori ly assimilate the treated wa stes • The annual value of
342 , 000 acre feet of dema nd on stora ge for qua lity control regula tion
is given as the annua l transmission cost of the treated waste to the
Mississippi River which is $261 , 000 . The Cor ps report -allocates a
maximu m of 191, 000 acre —feet of stora ge for water quality control in
the three large reservoirs, Meramec Park , Union , and Pine Ford , for
which the allocated tota l annua l cost is $356 ,200 . See Tables 5 and
14 of summa ry report . It appears that the alt ernative is less costly
and water qua lity storage as proposed for these reservoirs is not
economically Justified .

S. Table 7 , attachment 2 , indicates that the storage deficiency
(Th~ for water supply only, --based on the assumption that the treated M-7
V ~~~ ~~~

- wastes are pumped 19 miles ta the Mississipp i River , —-would be 167 ,051
acre-feet for sub-basin M-7 , to meet the 2070 needs . The Corps report
provides for more than 430 , 000 acre-f eet of water supply ~torage by
2070 , because of the sharing of recharge or streamfiow with the needs
for water quality control reser voir stora ge. It appears that the difference
in costs between the 167 ,000 acre-feet and the 430 ,000 acre—feet of water
supply storage plus cc T.sponding evaporatio n losses might be credited
to the alternative of pumping the treated M-7 wastes to the Mississippi
River.

6, On th. basis of the above paragraph on pumping to the
Mississippi River the reservoir storage of 332 ,000 sore feet in the
Maramec Park project, now allocated to water supply and water quality,• would be ~~~e than sd quatS to ser~4be entire water supply needs in

• the )4 7  basin ens v’i’4’ after the year 2070. Aoocrdla gly, on this basis
reservoir s~~~qe rediietaon ~ oiüd be p,smiosi for the fo~lowiags

$ ii 
_ _ _

( I.. _ _ _ _  _ _  _ _  

_ _ _ _

- - 
‘
~~~~~~~ 

~~~~~~~~ 
-



/
/

i/ f
fr - ENGER 23 J uly 1965

- • SUBJECT: Comments on Advance Copy of Summary Report on Meramec
River, Missouri , Comprehensive Basin Study

Estimated
Storage given storage needed

ProJect _J~n reDort as revised above

acre—feet

Irondale 161,000 44,500
Pine Ford 285 ,000 220 ,000
Union 528,000 383~000Total 974,000 647,500

7. Table 5, page 24, of summary report shows that the storage
• - allocated to local water quality control for 1-38 reservoir is 2,500 acre

• feet and the corresponding allocated average annua l cost is $132 ,900.
The HEW field report, on Exhibit 12, attachment 1, gives benefits for
water qua lity control in reaches B-i, B-2, and B-3 as $73,600 annually

~ 
based on 14 ,900 acre feet .draft on storage from a single purpose reservoir

-

~~ 
•.( developed at the 1-38 reservoi~r site. The Cor ps project indicates stor age

• for quality wat er control developed at a first cost of $2 , 643 .000/2 ,500 •or $1,060 per acre-foot, and HEW indicates storag e for water quality
- control developed at e cost of $4 ,200 ,000/14, 900 or $280 per acre-foot,

which discounted at 3 per cent from 1990 to 1970 i~ $2 ,326 . 000/14,900
or $156 per acre-foot , It appears that the altern ative project for water

• qua lity control is less costly than when storage is included in 1-38 ,
and therefore water quality storage should not be included In this multiple-purp ose project . A proj ect for flood control and recreation only at . this- 

• site appear s to be not economically feasible at this time. Mditional
• 

•
~ 

- data in this re .rd ii needed ,

• 
- 

• . - - 8 • A. indicated in paragraph 6 above the capacity of the Irondale . 
- -project should be reduced from 161,000 acre feet to 44 ,500 acre feet .• Since the conservation and recreational water surface ar eas would becomesmaller by the revised formulated project the recreational costs and• benefit s should be adjusted accordingly, Based on maximum surface ares• of th. conservation pool,ths róvis~d reCreation benefit s apparently willbecom. about one-quarter the value proposed far th. original project.Furthermore under P1. 89-72, dated 9 July 1966, the TMPedãsl Wat er

- • 
• 

-

. Proj eat Recreation Act,” th. av~ ngs annual charges allocated to recre-- 
- 

- ation should not i.moeed one-half the total average a~’~ual cost. The

c •
~~ .
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ENGBR 23 J uly 1965
SUBJECT: Comments on Advance Copy of Summa ry Report on Meramecj  River , Missouri, Comprehensive Basin Study
Ironda le project prop osed in the summa ry report has a ratio of avera ge-, annual char ges for recreation to tota l project average annual charges

-‘ 
- of $426,900/$670,200 or about 0.64, Therefore on this basis alone,

the project should be reformulated .

9. Reduction in reservoir stora ge capacities for both Union and
Pine Ford proj ects as discussed in paragraph 6 above , apparentl y would •

result in costs for recreation in conflict with the Federal Water Project
Recreation Act. Consideration should be given to modification of the

• storage capacities and appropriate changes in recreation feature s and
costs.

• 

-- 10. The District Engineer , on page 54 , paragraph 394(1) recommends •

- non-Federal int erests give assurances that they will repay the costs
• allocated to water supply , etc . Cost s of water supply stora ge to meet

-

- 
the needs over the fir st 50 ‘years of the period of anal ysis are presently 

•
- estimated at $761,000 for construction and $3,700 annually for mainte—

nance, operation, and maj or replacements. Cost s of water supply to • 
-

meet th. needs covering the last 50 years of the period of analysis are
currently estimated at $8 ,283 , 000 for construction , etc . It might be

• understood from this statement that for the water needed the last 50 years,
there should be no charge for interest on the preceding 50 years . See
para gra phs 29 and 36 of summary report. However, assuming a 10 year
interest free period on future water supply the interest on the $8 , 283 , 000
compounded over th. interim 40-year period alone would amount to 242

• percent of the basic amount or roughly $20 million . Therefore future
• • 

- 
water supply 50 years hence should cost local Int erests at lea st $28

- million. However, if the future water supply is omitted from the proj ect
-: -

~ - formulation a comparable amount of water quality storage should likewise
• . T -  be omitted . The Water Supply Act of 1958 , provides that modification of -

• a reservoir proj eat heretofore authorized, surveyed , planned • or con-
- 

- structed to include storage as provided, which would aeriously.affect
th. purposes fox which the proj ect was authcrized , surveyed, planned, 

• 

-

or ca~structed cc which would involve maj or structural cc operational
changes shall be made only upon the approval of Congress as now pro-
vided by law. Purtharmcre),If water supply and water quality control

• - stora ge for the second 60-year period is not included in th. proj ect
formulation and the storage capacity is not chsngatl1th. stora ge car-

• • responding to the future use far the above two purposes should be allo ’
() asted to specific u.s far recreation.’ This storage would then become

- 
part ~ the separable costs to recreation and the costs should be abated

~~~~~~ 
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ENGBR 23 July 1965
SUBJECT: Comment s on Advance Copy of Summary Report on Meramec • -

4 River , Missouri , Comprehensive Basin Study

by local interests. After the local interest s have contracted to pay
• their share for recreation there appears to be a question whether they

would later allow the storage for recreation to be converted to stora ge - • - , -. - .

for water supply and wat er qualit y control .

II. Table 8, attachment 5, provides a cost allocation for *17
• Meramec Pa rk Reservoir . However it is not possible to determine how

the reservoir storage allocation and conversion on Table 7 , attachment
• 5, affects the costs and benefits for wat er supply , water quality and

recreation , as shown in Table 8~ for each 25-year period as the con-
versions are made. Copies of cost alloca tions, corres pondin g to
Tabl e 8 , should also be furnished for the information of the Board s
staff for the other 4 maj or reservoirs recommended .

12 • On the basis of ~11ocation of costs for reservoirs shown on
• 

- - Table 9, attachment 5, the cost per acre-foot of storage allocated to
( ) water quality varies from $1,060 for 1-38 , to about $37 for M eramec

•. 
- Park , --and the cost per acr e-foot allocated to water supply varies from • -

$43 for Pine Ford to $1.50 for Iron~da1e. The wide difference in cost be— •
•

tween water quality storage and water supply storage is apparentl y due
to the values based on the least costly alternative from which benefits - •
are derived , and the discounting of values from the time that the needs
should be met • In this connection attention is invited to Exhibit 13,

• • - attachment 1, HEW report . By programming construction for a sewage• plant effluent pumping system in stages in 1990, 2020 , and 2050 , the 
• • •construction co*)~~ % jg Sunted from $26 ,300, 000 for first cost of

-
• construction to $L . ,W00 fox construction as the need develops . It •

is apparent that delaying construction of certain reservoirs on an
equivalent ba sis to serve the water quality needs and also the water

• supply needs would result in mcci favorable benefits aid a greater
benefit-cost ratio fcc the system as a whole.

13. Tabis 2 , attachment 5, cost estimates, angler-use sites ,
indicates that .11 lands and damages will be at Federal cost . This

• - appears to conflict with ER 1165-2-4 , 12 January 1965 , Recreational
- 

• Developments at non-Reservoir Proj eats • It is suggested that the coat
estimates for the angler-us e sites be mad. In accordance with the
ER1and data Aarniahad for the b ard. •

;: C) • 

•
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• • COMMENTS

ON
BERM MEMORANDUM FOR RECORD

(SUMMARY REPORT - MERAME C RIVER , MISSOURI)

The following information is furnished on views and comment s
conta ined in Memorand um - for Record inclosed with letter , ENGBR .
Board of Engineers for Rivers and Ha rbors , 27 July 1965 , subject:
Me ramec River , Missou ri, Summary Report. References below refer -

• to paragrap hs in the Memorandum.

a. Reference paragraph 2 - official report of the Public
Health Service. Report of the Public Health Service, dated December • 

-

1964, was officially approved by the chairman of the Review Board for
Water Supply and Pollution Control , Department of Health , Educati on,
and Welfare, Washington, D. C. • in February 1965. Thi s was recon-
firmed in telephon e conversation on 28 July 1965 with representative of
the Public Health Serv ice~ Region VI Kansas City , Missouri , who was
charged with the prepa ration of the report..

:~
- -( 

‘
)~~~‘ 

b. Reference paragraph 3 - derivation of water supply and
• - 

- 
- - .
‘

~~~~~ water quality control requirement .. In~he deri ~~ tion of water supply - -

- 
~

- - - - - - • - and water quality cofltrol requirements , the Dist rict used seasonal - 1 -

• demand s for both water supply and water quality control furnished by
• the Publi c Hea lth Service. The differenc e in stora ge requirement s

det ermined by the Public Health Service and the Corp . is reflected in the
• method of analy sis. The Ra inwater method used by the Publ ic Health - - . - 

-

Service indicates draft-on.. ato rsge, which is the of the incremental - • -

~~ii~s of needed z elsases over inflow du ring a climatic yeai, whereas
the Corp . analysis indicates storage r uire ent s needed to meet

a~dI oisIc t - o s record. For a fuller understanding of 
•

lic Health Service analysis , there i. attached as inclosure 1 a
• - copy of critique on the Ra inwater method. With regard to water quality

In the upper basin ar ea, the Publ ic Health Service considered the use • -

• of giouadwat.r as an a1ter~atjv. source , but found that the capital cost /
~~1hi~~i1I~T which wo aid ser. ators and pump., was higher than 

-the capital cost of siagl.-pnr pos. reservoirs to supply the needed qua1~’
- ity control water (see pa e  VflI-9, Public Health Service report dat.4

- - D cember l9~4).

,
~~
•, 

• 

• 

-
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• c. Reference paragraph 4 - least costly alternative for
water quality above Reach M-7. The annual value of $261; 000 esti-
mated by the Public Health Service was based on the summation of

-
, 

- costs for incr emental pumping requirements tà handl e the waste load-
ings which exceed the assimilative capac ity of the unregulat ed stream
flows, Ci. Pumping requirement s reflect monthly variations in the
assimilative capacity of the unregulated stream flow that theoretically
would be exceeded 95 percent of the time , as determined by the
Rainwater method. The value for Øj used by the Public Health Service
exceeds the corresponding unregulated flow as computed by the Corp s
of Engineers on a stati stical basis by 40 to 58 percent for the summer
season, 34 to 76 perce nt for the spring season, and an average of 35

• • - percent for the winter season. From the forego ing, it is app arent that
the use of the Rainwater method credit s the unregulated stream flow - • 

-

Qj, in excess àf the actu al flow s for the corresponding percent chance
of occur rence. Refere nce is made to Table No. VIII- 5, page VII I-13 ,

• Public Health Service report , which indicates that the summer season
is critic al in determ ining the benefits applicable to water quality con-
trol whether based on dilution or pumping of waste. A reanalysis of
the benefit evaluati on was under taken by the District based on the cr it-

( ical summer season. Since the unregulated flow, Qj, for the summer
season is approxi mat ely 50 perc ent too high, the amount of waste to be
pumped would essentia lly have to be doubled. Basic cost data used by
the Publi c Health Service in its evaluation are contained in letter dated
5 August 1965 , inclosure 2. Pipeline costs, includ ing applicable mate -
rial and installation, were estimated to account for about 75 percent of
the constructi on costs , the remaining 25 percent being the cost of the
pump ing station , includ ing equip ment. To handle the increased waste 

•load, it would be necessary to increase the pipe size and double the
capacity of the pump insta llations. Pipeline costs were inc r eased 50 /

perc ent and the pumping station 100 percent. Assuming 80 percent of
• the operation and maint enance costs applicable to the cost of energy - 

• - 
-~ :~ -~~ —

and 20 percent for materials in the pump station and maintenance of
pipelines , energy costs were inc reased 100 percent and all other costs
ZO percent . Based on the 3. 1/8 percent interest rat e and amortization
over 100 years , discounted benefits applicabl e to the alt ernative of
pump ing are estimated at $371, 000 annually. This analysis ii ba sed - 

•

on the sam. years of firs t need as indicated by the Public Health Servic e,
which is in error since with lesser flow, time-of-needs would be
sdvaaced and the dtscoaflting effects would be less than indicated.

1~~ 
-
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Based . on the Corps procedures used in the Summary Report ,, the amount
of pumping r equired during the critical low-flow-periods of record
would be greater than indicated in the above analysis. From the fore-
going analysis, it is concluded that: (a) the least costly alterni tive for
wate~ quality control above P.each M-7 is singl~~puipo.e_reservoi rs ,
as used by the Corps , and (b) water ~~~ it~r i t or a e p~ovided ~~~~~Meramec Park , Union , and Pine Ford Reservoirs is needed and eco-
nornically justified. 

- 

- -

d. Reference paragraph 5 - storage for water supply o~~y. -

Tabl e 7, Attachment 2, Summary Report , indicates that the storage
deficiency for water supply alon e would be 167 , 051 acre-feet for sub- 

-

basin M-7 to meet the 2070 needs. In order to avoid complete stream
depletion , these requirements were analyzed over and above a selected
base flow of 195 c. f. s. being the minimum flow of record in the lower - -

basin area. Deficiency for water quali ty alone amounts to 393 , 725
acre-feet. When based on- concurrent demands , the total deficiency for
both water supply and quality control by the y~ar 2070 becomes

• 1, 180, 568 acre-feet. The five reservoirs recommended for const ruc- -

tion in the basin plan nra capable of i~eeting all the water supply needs 
- -

to the year 2070 and water quality needs to the year 2045 in the lower - - 
- - -

( basin area. The adjusted amount of storage required is estimated at
430, 092 acre-feet for water supply and 190, 461 acre-feet for water
quality control . All the foregoing figures exclude allowanc e for evap-
oration losses. Sinc e the alternative of pumplng trsated wa stes to the - 

- -

Mississippi River was found not to be the least costly altirnative, as - ‘- .  
‘
~~ 

-

• indicated in subparagraph c above, the difference in cost between ~ 

- -

. - 
‘- -

- 167, 051 acre -feet and 430, 092 acre-feet of water supply storag e can- - 

- .-
not be credited to this alternative,, fl

e. Reference pa ra graph 6 - reservoir storage r eduction ,
- ~~~~~~~ Irondalt., Pine Ford , and Union. Since pump ing of wastes to the - 

- -

Mississippi River was found not to be the -least costly alternative the.
storag. provided in these thre. reservoirs is needed to serve water - 

-

- 

- - 

-

supply and wster quality demands to the fullest extent piactical in- the - 

- 

- - - 
- -

lower basin area.

- 
- - 

1. Referenc e paragrap h 7 - cost of stora g, for water q~ial. - - 
- 

- 

- 
-

i 1-38 Reservoir. -, ‘braft- on- storags estimated at 14. 900 acre-f eat -: - 
-

• . Os ressrvOi r releases for the year 2070, - as shown in. Tabló -

NO. VW. , pe4sVW.1Z of the-Public Hulth S.rvice report. - .  

- .

- 
.. — - t
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-_ 
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Storage of 2 , 500 acre-feet estimated by the Corps r epreBent s supple- 
- 

-

mental storage required during the first 50 years, or to tI~e year 2020.
To compare this figure with Public Health Service values, monthly

T 
- release s for the year 2020 needs , as shown in Table No. VILI- 4, were

used. The total draft-on- storage ba sed on these releases is estimated
at 2 , 340 acre -feet. The size of a single-purpose reservoi r to provide
thi s draft-en - storag, must include allowances for evaporation , as well
as sedimentation. U sing Corps estimates , app roximately 1, 855 ncr .-
feet of storage would be required for evaporation and 4, 715 acre-feet
for 100-year sedimentation. Thus, the total storage required in a
single-purpose reservoir amounts to 8, 910 acre-feet to meet the year -

2020 requirements. Table 2 of Attachment 4 to the Summary Report
shows that 9, 042 acre-feet of storage, having a reservoir cost of
$4, 055, 000, would be required for Reaches B-i through B-3 to meet -

the year 2020 needs. Assuming a reservoir to meet the Public Health
Service draft-on- storage of 2 340 acre-feet for the yea r 2020 to hav~e a
compa rable cost of about $4, 000,000, the unit cost per acre-foot would
be equal to approximately $1 710. The Corp s allocated -unit cost for
water quality of $1 , 060 reflects a savings in project joint costs. Fur-
ther reference is made to Table 5 of Attachment 2 to the Summary

( ~ Report. Base storage requirem ent s amounting to 17, 215 ac re-feet -

- - / would be needed to meet the 2070 needs at Sullivan , which include s
Reaches B-i through B-3. To this are added evaporation requirements
of 2, 168 acre -feet and 4, 715 acre-feet of storage for sedimentation. A
single-purp ose reservoi r to meet the 2070 needs would require a total •
capaci ty of 24, 098 acre-feet. Table 2 of Attachment 4 to the Summary
Report shows that a reservoir having a storage capaci ty of 24, 098 acre-
feet would cost approxi mately $4, 705 , 000. The unit cost for the effec-
tive storage is estimated at $273 per acre- foot ($4, 705, 000 divided by
17, 215 acre -feet). Thu compares with the $280 per acre-foot cited by
the Board. Attention is also invited to the fact that the annual charge

• 
- of $73, 600, shown in Exhibit No. 12 of the Publi c Health Service report ,

is based on const ruction costs only and does not r eflect annual charges
for opera tion and maintenance , includ ing r eplacements. From the fore-
going analy sis, it is concluded that project formul ation, colt allocations ,
and benefit evaluations’for Reservoi r 1-38 are correct and the reser-
voir is economically feasible. -

g. Reference paragra ph 8 - Irondale Reservoir. Since
Irendale Reservoir as formulated in the $ummai~y Report does not meet

fl 
4

— 
— —
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t A
the criterion outlined in Section 9 of the Federal Water Project Recre-
ation Act , approved 9 July 1965 , in that sum of allQcations to rec-
reation and fish and wildlife enhancement exceeds the sum of alloca-
bons to other uses, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
This reservoir was given a high priority by the Bur eau of Outdoor
Recreation. In reformulation, consideration was given to providing as

- 

- large a normai water surface area as practical. The total joint-use
storage was reduced by 21 , 000 acre-feet and the normal pool area 500
acres, from 4, 600 to 4, 100 acres. The top elevation of the dam was
lowered three feet. The tota l cost of the project is cur rently estimated
at $12, 900, 000. Of the total reduction in first cost of $1, 500, 000,
$137, 000 is in the cost of recreation facilities based on a lesser water
surface area and recreational lands and a reduction in visitor-day
attendance. The project as reformulated would retain the benefits for
flood control, water quality control, and navigation, whereas the water
supply and recreation benefit s would be reduced. The benefit-cost
ratio for the project is estimated at 1. 3 to 1. 0 and meets the criterion
of Section 9 of the Federal Water Project Recreation Act, having a
ratio of first costs allocated to recreation-and fish, and wildlif e
enhancement to total project costs of 0. 45 to 1. Pertinent data on the
project as reformulated, including ~It~~~~ed cost s and cost apportion-
ment, are contained in inclosure 3.

h. Reference paragraph 9 - modification of storage capac-
ities in Union and Pine Ford Reservoirs. As indicated in subparagraph.

- - c and e, no storage reduction in these reservoirs is warranted. Fur-
thermore, both projects as now formulated meet the criterion of Section
9 of the Federal Water Project Recreation Act.

i. - Reference paragraph 10 - future water supply storage.
The Summary Report , Table 16, shows costs to be rep aid for water
supply storage to be utilized in the first 50 years and the additional
cost for storage to meet long-term needs during the second 50-year
period. These estimates are based on the schedule of use a. given in
Table 5 of the Summary Report. Contractual agreement s would be
required for storage allocated to water supply to meet the deman ds for
the first 50-year period. However , only assur ance s are required that
d,mii~ds for use of future storage would be made within a period of
time which will permit paying out the costs allocated thereto within the 4
Ut. of th. project. Since th. storage -for water supply to be used during

-
- 

~~~~~~

- 
- 
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t 
the second 50-yea r per iod is not dedicated Initially, but converted from

j  other interim uses, no interest charges should be requir~d prior~to• I - time of conversion. Si~’ni1ar provizioü s are included in contracts
betw een the United States and the City of Pari s, Texa s, for water star -
age space in Pat Mayse Reservoir , dated 14 January 1965 , and between
the United States and Trinity River Authority of Texa s for water stor -

— age space In Bardwell Reservoir , dated 13 May 1963. Both of these
contracts provide for reimbursement of costs allocated to initial water
supply storage and only assurances for future water supply storage.
Neither contract includes interest payment for future water supply
prior to the time such storage is first used for that purpose . The
Governor ’s Advisory Committee on Resu rvey of the Meramec Basin
expressed the opinion that provision for future water supply storage
should be included in the comprehensive plan for development of the 

- 

-

water res ources of the basin . Enabling legislati on enacted by the
Legislature will permit the State to assume obligations for water supply
storage in the reservoirs. To include provisions for water supply and
wat er quality control requirements for the second 50-year period in
the initial construction is more economical than it would be to fully or
partially defer such provisions until the demand for such pu rposes

( 
)  

arises. In the interim, this storage is used to the maximum extent -

practical for recreation, and local interests are paying a fair share
for such use. In no case is the recreational reimbursement for specific
storag e, but rather a cash contribu tion for modifi cations to provide
optimum recreati on usage. There is no basis for storage ownersh ip, -
but rather a sharing in costs in relation to applicable benefits , as
reflecte d in project formulation . There is every reason to believe that
the Stat e accept s thi s premise and will sponsor and fulfill the require -
ment . for local participation in recreation ,

t I

j . Reference paragraph 11 - cost allocations. Table 7 of
Attachment 5 to the Summary. Report reflects the phased supplemental
storage required for water supply and water quality, as derived in
Attachment 2; timing and suppl emental storage requirem ent s which
were the bases for evaluation and discount ing of benefits , as shown in
Attachment 4; bases for benefits and applicable increment s of cost s
used in the project formulation , as shown in Attachment 3; and blocks
of storage used for determining dual cost aspects and applicable bene-
fits for .uballocations u s d  in the reservoi r cost allocations. Cost
allocations for Pin. Ford , 2rondale (r ivised), Union, and 1-38 Reser-
~oir s are contained in inclosu re 4,

n -
- , _~~~~~_
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Ic. Reference paragraph 12 - 
- 

costs per acre-foot of storag.~
t The wide difference in cost between water quality storage ~nd water

• - 
supply storage is due to the values based on the least ~ostly alternative
from which the benefits were derived and discounting effects in relation
to the time of need. The value of both water supply arid water quality

- 

- 

- 

in the lower bagin area , Reach M-7, was based on a single-purpose
• reservoir (Meramec Park), whose unit construction cost per acre-foot

of storage is by far the cheap est in the basin. The benefits for these
needs were then prorated to the individual reservoirs in relation to. the
storage provided. Since in all cases benefits for water quality governed
in the cost allocations, the unit cost allocated to water quality in Reach
M-7 proved to be far less than the unit cost allocated for water quality
in the upper basin. Allocations of costs to recreation reflect the fact -

that the ‘other” cost -aspect of the separable cost varies from a low of - .

$449 per surface acre for 1-38 to $1, 670 per acre for Pine Ford. Sur-
face acre was used as the unit measure of value since it is one of the
more important criteria for recreational planning. Reservoir 1-38, -

whose total joint-use stQrage is used within the first 50 years, carries ’
the least applicable unit cost per surface acre for the “other” costs. -

Delaying construction of any of the reservoirs recommended for autho-
( 

rization in the Summary Report to serve the water supply and quality
demands as the need arises would not be responsive to the basin needs,
the dominant of which are flood control and recreation; would not pro- •

vide fo r an equitable distribution of beneficial effects from the develop-
ments, both in time and geographic area; would unquestionably result -

in substantial overall increa sed costs; and would be locally unaccept-
able. -

1. Reference paragraph 13 - cost estimates for angler-use
- 

-
. 

sites. Cost estimat si for angler- use sites have been reviewed in
accordance with ER 1165-2-4, dated 12 Janua ry 1965. Estimat es have

- been revised to show the cost of lands as a non-Federal responsibility.
- The total cost of the recreational development now provides for equal ~ 

-
~~

• - -

distribution of costs between Fede ral and non-Federal inte rests , as
shown in inclosure 5. -

m. Summa ry - general plan. In project formulation for the
- basin plan, consideration was given to a number of factors , the more

significant of which are stated below:- - 
-

(

_

) 
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-

-

(1) Basin need. are based on 100-year projections ,
1970-2070. - 

- 

- - 
- -

(2) The dominant needs in the basin are flood control
and recreation.

- (3) Reservoi r sites to sati sfy major segment s of the
widespread needs sre limited. ~~

- 
-

(4) Additional capacity to meet future needs is included
initiaUy In reservoirs wher e such can be accompli shed at significant - 

- - -

savings over subsequent enlargemen t.

(5) Storag e requirements for water supply and water -

- 

quality cont rol are- based on demand s furnished by the Public Health
Service. 

- 
~~

•., • • 
-

(6) Draft -on- storage and the value of such storage fur-
zushed by the Public Health Service are not repre sentat ivf of operational • -

requi r ement s needed to eet the concurrent demands over the critical

( ,.riods of record.

n. Conclusion. cs ~~~~~~~~~~~~~~~~~
in subp arag rap h m above , • general plan of baa evel4p.. I~~ as
proposed in the report is properly formulated, and will provide for the
best use or combination of uses of water and related land resou rces to

- 
- meet all foreseeable short- and long-term needs in the basin. Meramec • -

Park, Union, Pine Ford ,- Ir onda l., and 1-38 Reservoir s, proposed for
authorisation and const ruction , are required -to meet the b~in~ediate 

-—

demands in the Meramec River Basin at thi , time. -

-
~~ - -
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-r - CRITIQUE OP RAINWATER METHOD FOR EVAW&TION -

OF WATER SUPPLY AND QUALIT! CONTROL NEEDS

1. REFEREI~ ES

a. Staff paper- prepa red by Mr. Frank H. Rainwater, Physical 
-

Science Administrator, Technical Science Branch, Division of Water
Supply and Pollution, Dspsrtment of Health, Education, and Welfare,
entitled “Hydraulic Pacts Needed for Studies of Flow Regulations for
Stream Qua lity Contro l,” presented at a symposium on stream flow regu- -

lation for quality contro l at Cincinnati, Ohio, 3-5 April 1963.

b. Paper prepared by Mr. Frank H. Rainwater, entitled “Hydro logic
Aspects of Ana lysis of Flow Regulation Requirements for Qua lity Control. ”

c. Report submitted by Region VI , Public Health Service, ICan8aa -City , Missouri , entitled “Water Resources ‘Study , Meramec River Basin ,
Missouri,” dated February 1964. This study, since revised, indicated
potenti al needs and va lue of water stora ge for municipal, industrial, - 

- Iand qual ity control purposes . 
- - 

_
i •

2. B&CXGROUND - -

a. Critique of paper “Hydraulic Facts Needed for Studies of - -  -

-
, Plow Regu lations for Stream Qua lity Control. ” The following points

were presented in the paper: - -

(1) The hydraulic ana lysis for•.f low regulations, stud y ~.s -a four-step procedure which: - 

- 
- 

- 

-

(a) Describes the present annual stream flow and - 
-

-
- quality characteristics in terms of typical companion hydrogra~ha - 

-

• having sel.eètad average recurrence interva ls . 
- 

-

(b) Projects futu re stream - f low and quality character— - - -

istics that would exist under projected water use and management in
- year (s) “H“ without flow regulations .

(c) Computes the regulated stream f lov regimen needed ‘
• 

- 
in year(s) “X” to meet the qua lity objectives . -

- 

(4) Schedu les the f low regulation needs , including
- probmble monthly dia tributioma , over the life of th, proposed structure.

(\
)
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(2’ The responsibility involved in a flow regulation
study is to contro l stream quality , not to maintain a stream flow.
Hence, maintena nce of a constant minimum stream f low is not the

• most efficient answer to quality control. Maximum regulation demands
do not necessarily coincide in time with either- ipinimum s tream f lows
or maximum concentrations of pollutants . For example , the process
of counteracting a BOD load imposed on a stream involves the oxygen
concentration of receiving water , the reaction rate (deoxygenation) ,
and rea.ratioz-i factors — each of these is temperature sensitive.
Hence, the stream f low requirement is dependent partially on temper-
ature . In mineral quality control , the tons of minera l to be diluted
may be less at minimum flow, or maximum concentrations , than at some
higher f low. As is evident from the nature of the problem, its - 

-

solution is approached through a chain of dependent sequential -analytica l trea tments of facts and figures . Probably the mos t signifi-
cant deficiency (knowledge) lies i~ the realm of interrelating water
quality and stream flow. Stream qua lity and stream discharge are
inseparable in these studies. For the purposes of analysis , - each
event in the past and future time series of events comprising stream
behavior has two dimensions - quantity of flow and concurrent quality.
One objective of flow regulation for quality control is satisfactory ‘ -

concentration of watérborne materia 1,. Knowledge of stream flow - - , - 
- -

- - -

charac ;eristj cs is of little use unless it can be associated c losely
( ~ 

with attendant stream qua lities , With respect to stream flow alone ,
\ j - ’ information available on ‘ the low—flow characteristics is weak in both - -

•national coverage and validity~ Low f lows are extremely sensitive to
effects of geology , land use , and man ’s modification of the hydrologic

- regimen. Inters tation-corre lation and regiona l ana lysis , so usefu l
in flood freque ncy ana lysis , are only of limited use in low-flow studies.

• Time—of-trave l data and velocity profiles of low-flow conditions are
needed to route pollution loads , to position oxygen sags along the
stream, and to predict sludge deposition and scour. Such da ta are
virtua lly non-existent nationwide. - —

- 
(It should be noted that in conjunction with the

-: - Meramec Basin Stud y, two reports undertaken by
separa te agencies were availab le for use in this

- phase of ana lysis . One was an “open—file report”
- 

- 

- prepared by the-U. S. Goologica l Survey, Wat er
Resource Division, Rolla , b~Lssour i, on the Meramec

- ,  River Basin. This was a low-water study covering
- 

- the period 24 September through 1. Cctober 1953.
- 

Because of existing drought conditions and apparent
low-water discharges, a low-water study of the -

basin was made involving numerous discharge measure-
aent. and observations . The study we. made for the
following purposes: to batter determin , the distri-.
butice of the base flow in the basin; to determine

• — 
/ 
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t c ~~~
- the gain or loss of water between

various points in the basin; to corn-
- pare the flow during this drought with the

• previous low flows of record at the gaging
stations ; and to have on record a better
coverage concerning the low flows in the basin .
The second study, prepared by the Missouri
Water Pollution Board in 1963-64 contained
deta iled data from sampling stations estab-

$ - lished to determine the uti liaition of water
resources ; biologica l data ; and bacteriological ,
chemical , physica l , as well as flow information

- 
- 

for the streams within the basin.)

(3) Since flow regulation studies are recognized as fore-
casts, statistical treatments of data are useful tools in a time
series, such as historic stream flows. The size of the sample may
be equated with the number of years of the record . In theory then ,
the longer the period of record , the better the estimate . In practice ,
thi s is not necessari ly true because man is changing the statistica l
population from which the sample is drawn . Regu lation , diversion ,

- and increased consumptive use are continually chan ging the water
- 

quality regime n of streams . The water qua lity regimen resp onds to
— changes in flow regu lation ~nd also to man’s use of water to transport

( )  

- wastes. Factors affecting changes are:

- - 
- 

- 
- 

- (a) ~~ta obsolescence , the effects of which are
particularly pronounced in low Howe. This problem of obsolescence

- 
- has severa l consequenc es in f low regulation studies . The hydro logists

may be seriously mis led by publi shed low-flow frequency da ta compiled ,
- unadjusted , from the historic record . Usua lly , such data require

- 
cons iderab le reworking before they can be used with confidence .

- - 
- - -• (1) Stream depletion is another very important aspect •

- 
of obsol•scence . To fulfill its responsibility in making reco~~~nda-

-
- - tiona to the Feder al construction agencies, the Public Health Service

- - 
must base its analysis of regulation n eds on future depleted or -

•

- 
- modified stream flows . The flow to be augmented 20 or 50 years hence

- : will net be the s flow measured now, but rather a stream deplet ed
- 

- 
- - by the existing water use and management. What is needed are accurate

projections of depletion and other modifications . Regardless of the
- : 

- 
- -: 

- nature of the consumptive user 30 to 40 percent of the water with-
- 

- drawn in the United States i. lost from the supply.. No str etch of
- -• the imagination is required to see that future depletions will make

- - L re..iag inresda on the static available supply .

~ 3
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b. Critique of paper “Hydroloaic Aspects of pna lysis of
Plow Regu lation Requirements for Qua lity Control.” This paper
outlines the approach to approximate “present and projected needs
for stream flow regulation (draft-on-storage) for qua lity control
indep endent of other proposed , predic ted , and as yet unes tab J.ished
or authorised uses of stream and reservoir storage .” The following
points were made :

- 
- - (1) Mr. Rain water ’s analytical method is designed to

answer three questions:

(a) To establish the need and the amount of water
re leases from the reservoir for stream quality control.

(b) To establish if the flow at the reservoir site
(and load center) is equal or exceeds the necessary releases , or
whether draft-on-stora ge (str eam f low regulation) is required to
meet the necessary re leases .

(c) If draft-on-storage is needed , how much water
is to be stored eack yea~ for quality control.

(2) The ana lytical procedure is divided into four steps:

( ~ 
(a) Describe the base system in terms of quality and

stream flow . This base system reflects the effects of existing and
authorised water uses , permissible waste loadings, and flow modifi-

- 
- - 

- cations. -

(b) Superimpose projected increases in waste loadings ,
water uses , depletions , etc., to change the stream quality and/or
f low of the base system . The- projected systems are described in

- 
ter of quality and stream flow.

Cc) Compute the reservoir releases and net draft-on~storage as r.quir .d to modify the projecte d system to meet the qua lity
criteria.

(4) Adjust net draft-on-storage as required to con- - -

pensate for probl of synchronization of re leases and downstream
needs and conveyance losses • This suggested regulation is termed
reco ended annu al draft-on-storage.

- 
- - p 

- 

- 

- 
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(3) Es tablishment of the base system involves es tablishing

a network of f low and quality conditions without flow regu lation for
qua lity control. It inc ludes establishing in logica 1 downstream
sequence the hydrologic and established or authorized water use and
management components affecting qua lity , and the locations in the
system where stream deficiencies for quality control are to be corn-
puted. To compile quantity and quality data for the component of
the base system, the ana lyst must draw a representativ e sample of
the possible events that cou ld occur . Although there are numerous
ways of drawing such a sample , a convenient and effective way is to
array unpredictable events by magnitude; divide them into a convent -
cut number of strata (groups); and take the median of each group as

• representative of that group. Such a sample adequately describes the
array of probable events, and each item in the samp le has an equa l
chance of occurrenc e in any one year . Usually , five strata will
suffice , with their respective median taken as the event having
exceedence probabilities of 0.1 , 0.3 , 0.5 , 0.7 , and 0.9. The pro-
cedure is as follows:

(a) As a first step , low-flow frequency gra phs of
ann ual mean stream f lows at the critica l points in the study area are
constructed . Annua l means based on c limatic year (April-M arch) are
a little better f or regulation stud ieo than annua l wa ter-year means
(October-September) .

) (b) Typical monthly dis tribution of annual uncontrolled
runoff is determined . The suggested procedure involves selecting a
gaging station tha t has a reasonab ly long-t erm record and is represent .-
tive of th. area under study; establish the median monthly flow for
each month ; and compute the distribution of median monthly means as
a ratio to annua l mean flows . -

(c) Determine the necessary quality and stream f low
- inputs to the base system. - -

Cd)’ Assemb le the data on projected increases in waste
loading, stream depletions, etc., over and above those reflected in
the bas. system.

— (e) Compute the necessary base system f low and quality
data for critical points . -

(I) Project flow and quali ty needs at the critic al points .



- -_ _ _ _ _ _  - 
-

(
_ 

- (g) Determine reservoir releases to meet qua lity needs
at critical periods .

(h) Comput. draft-on-stora ge required (1
~~~ 

— - Q~).
(4) In his discussion , Mr. Ra inwater claims that presents-

- tion of stream flow regu lation needs in terms of annua l ,(~ 
has

severa l desirab le attributes . It gives the quantity of wat er needed
in storage that should b availab le each year to contro l, when needed,
stream quality . As such, it embodies the concept of “flow regulation
for quality control , ioc luding monitoring and control mechanics in
contrast to maintaining some prescribed flow regimen.’ Thus, in
water-short areas, water would not be wasted by releases when not
needed • The and the attendant benefits can be moved by the con-
struction agencles from one reservoir site to another having ~~mparable
~uality of releases or divided among severa l reservoir sites . This
knowledge of where and how much draft-on-storage is needed in the basin
gives the construction agencies some flexibility and direc t ion in
deve loping future site studies .

3 • UPL&N&TION OF RADIW& TER METHOD

The following is an explanation of the Rainwater method , as
utilized by Region VI , Public Health Service , in it. work for the

~ ~ St. Louis Distric t stud y on Meramec River Basin, Missouri. The Public
) Rsalth Service in its ana lysis firs t established the base .ys tem by

dividing the basin into sub-basins that reflec t hydraulic aspec ts and
I low control. Sub-basins selected were: 

• 
-

- - a. Upper basin.

(1) Big River Sub-b asin. - 

-

(2) Uppex .~-$~raaec River Sub-basin .
• (3) bourbeuae River Sub-basin.

b. l~~isr basin, which consisted solely of the lower portion of
the Mar~~~c River . -

— Rich sub-basin was then divided into reaches of ana lysis and fur ther
broken down into load centers • These load centers were points that
were selected to reflect sources of induced pollutants and were rep-
re e.tattve of selected populgtion distribution centers • The present
characteristics of the load centers ware then defined in ter ms of pop-
ulatios and water usage, ezprassed in terms of gallons per capi ta per

~4T~ 6
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- :  day . This gave a representation of the induced pollutant load that
- wou ld have to be assimilated by the strea m , assuming primary and

secondary treatment in place. Projections were then made of the
- anticipated population growth in all parts of the basin on a time-

- • phase basis . In conjunction wi th thes. population extrapolations , -
- increased expected water use was also projected within th. limits

~
- . of the projections made by the U. 8. Senate Select Coemittee. The

-; product (population t imss water usage per capita ) of these proj ec-
tions gave a basis for anticipated pollutant loads that were sub-
•eque ntly modified by anticipated minera l and organic pollutants to
b anticipa ted from the industria l and rural aspec ts of the basin.
To determine water quality requirements, the Public Health Service
first determined the water supply (11!) requirements and assumed

- that these d~~~nds were met and in place. The total wat er qua lity
- 

f low requirements (Qt) were dete rm ined as the stre am f low required
to prov ide the necessary di lution to obtain a stre am qua lity equal

• to 5 parts per million ROD. Its determination was based on the
assumption tha t primary and secondary trea tment had been provided
the waste effluent at the discharge point or load center s . To 

-determine the required stream f low (%) necessary to meet the tota l
flow requirements , the following formula was used: 

% 
Q~ - %•

Qt was furnished on a seasons 1 basis , which recognised a temperature
- sensitive aspect , and was established in re lation to wa ter temperature .

-- In the case of the Msram.c Basin study, seasonal breakdowns ware :
-
. ( —

~ a su sr season of four months - June , Ju ly , Augus t , and September;
- / a spring and fall season of five months - March, April , Play , October , 

-and November; and a three-month winter season - December , January ,
- -

- 
and February . The return flow, Qr, represents a portion of the WI!

- water returned to the stream at the selected load center, and can be
either a positive or negative quantity, depending upon its source .

- In the case of the Nsr c study , the return f low , Qr ’ was a sub-
tractive quantity since the Public Hea lth Service assumed that the
III! waters in the upper basin came from underground water sources

- that were independent of stream f lows, i .e. ,  induction of f lows from
an outside water source independent of stream flows. The return f low
was assumed cons tant for all three seasons r.cognising a time-lag

- 
- 

aspect. Based on the above , the required stream needs , Q~, were -

• - determined for each load center for the time periods involved in
- 

- each ama lysis . Omee these demands were established , they were con-
- vetted from to c .1.5. Th Public Health Service then determined

- the oUnt of supplemental storage that would have to be furnished
by the mae of the fo~~~la % .Q1 *L ~~~, where: •

- 

-
- - ~~~~~ 

~~-
- 

-; I - - - - 
- 

- 
-
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- 
- day . This gave a representation of the induced pollutant load tha t

- wou ld have to be assimilated by the stre am , assuming primary and
- secondary treatment in place . Projections were the n made of the 

-

anticipated population growth in all parts of the basin on a time-
- phase basis . In conjunction with these population extrapo lations ,

- increased expected water use was also projected within the limits
of the projections made by the U. S. Senate Select Cosuittee . The

- 
- produc t (population times water usage per capita) of these projec-

tions gave a besis for anticipated pollutant loads tha t were sub-
- sequently modified by Incicipated minera l and organic pollut ants to

be anticipated from the industria l and rura l aspects of the basin.
To determine water qua lity re quirements , the Public Health Servic e

• first determined the water supply (WI!) requ irements and assumed
- tha t these demands were met and in place . The total water qua lity

- flow requirements (Q
~
) were determined as the stream flow requ ired

to provide the necessary dilution to obtain a stream qua lity equa l
- to 5 parts per million ROD . Its determination was based on the

assumption tha t primary and secondary treatment had been provided
the waste effluent at the discharge point or load centers . To
determine the required stream flow (%) necessary to meet the total
flow requirements , the following for mula was used: — -

- 
- - was furnished on a seasona l basis , which recognized a tempera ture

- 
- - sensitive aspect, and -was established in relation to water temperature.

- In the case of the Meramec Basin study, seasona l breakdown s were :
/ ‘

\ a sumeer season of four months - June , July , August , and September;
-
~ k I a spring and fall season of five months - Mar ch , April, Nay, October ,
- and November; and a three-month winter season - December January , -

- - 
- - and February . The return flow, Qr s represents a portion of the WI

- 
- water returned to the stream at the selected load -center , and can be

- either a positive or negative quantity , depending upon its source. - 
-

- - In the case of the Meramec study, the return f low, 
~r’ 

was a sub-
trac tive quantity since the Public Health Service assumed that the • -

NI! waters in the upper basin came from underground water sources
- tha t were independent of stream f lows, i.e., induction of flow, from
- - an outside water source independent of stream f lows. The re tu rn flow

was assumed constant for all three seasons, recognising a time-lag
- - aspect. Based on the above , the required stream needs , Q~,, were -

- - - - determined for each load center for th, time periods involved in
- • each analysis . Once these demands were established , they were con-

- - - - vetted from gpm to c .f.s • The Public Hea lth Service then determined
- - 

- - 
• - 

the amoát of- supplementa l storag e t~et wou ld have to b. furnished
- b y t h e Use o f t b s f o r m u l a Q . Qj~~ L~ 51 wbere: -
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• According to Mr. Rainwater , these f lows are representative of the
typical monthly distribution of annual uncontrolled rudoff (see sub-
paragraph 2b(3) (b)). Shown at the end of line 1 is the annua l or
yearly mean of the median flows. This was determined by sutimating
the median monthly flows and dividing by 12. Line 2 shows the ratio

‘p 
— of the individua l monthly median flows to the annual or yearly mean

of median monthly f lows . Line 3 shows the annual flow at the Eureka ,
2~.iasouri , gage that has a 5 percent probability of occurrence. This
5 percent probabi lity flow was selected from an ana lysis by Public
Health Service of the lower portion of a low-flow duration curve
drawn for Eureka , Missouri , gage , and was equal to 1,320 c.f.s. for
water qua lity . Line 4 represents the theoretical monthly flow having
a 5 percent probabi lity of occurrence (Q~) . This theoretical month ly
f low was computed by multip lying the rat~o shown in line 2 times the
annua l flow at Eureka for the corresponding probability. Shown in
parentheses is a theoretical monthly f low f or 2 percent probability
(water supply). Accordingly, by use and definition, the Q( shown j O
line 4 for each month represents the uncontro lled stream flow that
wou ld occur 95 percent of the time (water quality) or 98 pe.~cen c of
the time ~water supp ly) for the load center or reach of stream under
consideration .

b. Part B. Shown in Part B are the computations used tc “eter- -

( ) mine supp lementa l storage required for water quality control in a
reservoir located upstream from the reach studied. This annua i. require—
i~snt, referred to as “draft-on-storage,” was computed by the for- .ula
L~~ ~~ 0~ - Q4 . Line 1 shows the monthly flow (%), on a seasona l bi~ is ,
needed ~o maZntain a ROD stream requirement of 5 parts per million.

- - 
Line 2 shows the theoretical flow requirements (Q4) computed in Part
A above . Line 3 shows the draft-on-storage for tfie climatic year.
In this examp le, the str eam theoretically required supplementation by
reservoir for only three months during the climatic year . Tota l
requirements equal 1,492 c.f.s. for three months in a year. Storage
was computed as equal to 1,492, the monthly flow deficiency , t imes
30 days per month , times 2 acre-feet per c .f.s.  or a total of 90 ,000
acre-feet supplemental storage required .

c. Part C. Shown in Part C are statistical data prepared by the
St. Louis District , based on 42 years of record for the Eureka, Missouri,
gag.. The mean monthly discharges for each month in each year of record
studied were arrayed in descending order of occurrence. Based on this
information, curves were dr awn and percent chance of occurrenc e on a
probability basis was sstablishád . (See Table 2). Line 1 of Part C
shows the average or mean monthly flow. Line 2 shows the median (50

- 
- 

- percent) of th. mean month ly f lows . Line 3 shows the stat istiea~- monthly flow beving a 93 percent chance of occurrence • Line 4 shows
the statistical monthly flow having a 98 percent chance of occurrence.

* 9
-. - - -

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

- - 
— 

- 

- 

~‘T~iii~~. ~~~~~~~~~~~~~~~~~~~~~~~~



c 
d. Part D. Part D shows the effects on draft-on-storage

required when utilizing the same stream flow requirements (%), but
a revised uncontrolled stream flow having 95 percent chance of
occurrence from a statistical, rathej than a theoretically compu ted ,
basis. Draft—on-storage required GC.~~) is approximately twice that
computed by the Rainwater method .

5. DISCUSSION OP RAINWATER METHOD

There are several aspects of the methodology that are questionable
when applied to basin ana lysis and reservoir operation . These the-
oretical points are discussed briefly below .

a. Probability aspect. Mr. Rainwater’s method purports to deter-
mine the present unregulated f low for each month that has a 95 percent
chance of occurrence . It is cla imed (see subparagraph 2b(3)) that the
monthly median flow is characteristic of the annual flow distribution
pattern of the stream, and by use of .a ratio of medians, the annual
flow for any degree of protection can be redistributed and converted

- into a monthly limit. Analysis has indicated that for a stream that
has erratic flow cha racteristics , the use of medians is not app licable.
It is felt , however , that .the use of medians may be app licable when
a stream is partially controlled or when a stream has very little
year-round flow fluc t’uation . It shou ld be stressed tha t the method-
ology is keyed to determine the unregu lated flow having a 95 percent
chance of occurrence for each month. Thus, it is apparent tha t the
month ly, not the annual or yearly, flow pattern is the controlling
element for determining draft-on-storage . It is suggested tha t in

lieu of using the median approach , an analysis of each month ly f low
should be med., simi lar to tha t undertaken by the St. Louis Distric t
office . A statistica l analysis based on an array of occurring f lows
listed in descending order should be made and the monthly -flow for
the particular degree of protection desired be determined .

b . Length or duration of low-flow period. The Rainwater method-
ology determines only the amount of base or supp lementa l storage
required for a climatic year. No attempt baa been made to recognize
an extended low-flow period similar to that experienced in the Meramec
Basin for the period 1952 to 1957 . Reference is made to Bu lletin 51,
State of Illinois Department of Registration and Education , entitled
“Low Flows of Illinois Streams for Impounding Reservoir Design,” pub-
lished by the Illinois State Water Survey , 1964. The following
information concerning low-flow series is contained in the publication:

;

i
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“Past experience in analy.~±ng t~-~c 1952—55 drough t
in Illinois revealed that :~?o~n~thg reservo~.rs in
Illinois are frequent l y unde r draft  and drawd own
for periods in excess of one year and may possib ly be
subject to drawdowns for a~ long as five years . For
this reason it was necessary that the series of low
flow events be selected in a manner not restricted
to the annual fluctuations of runoff. A partial

- duration series o~ low flow events w~s selectedas being most flexible and m eaningful in this type
of ana lysis . However , the part ial series was
selected only after intensive study ,  comparison ,

- and evaluation of both the partial series and the
more common and more easily interpreted annual
series. . . “

The adequacy of storage (draft-on-storage) recommended in the Public
Realth Service report, dated February 1964, for water qua lity control
only was analyzed by the St. Louis District office for the period of
record 1922 to 1959, using t~~ ~.ctua 1 daily flows at the Eureka ,
Missouri, gage. Usin~g the P-.~blic H~~lth Service seasonal stream flow
requirements (monthly Q0) ,  it was found tha t the 90,000 acre-feet of
supplemental storage was insufficient to meet the demands at least 13

/ -
‘ 

out of the 38 years of record studied . Ana lysis indicated that once
( ) the storage was depleted , the only available flow was inflow from the

drainage area above the contro l point. However, the lengths of some
of these low-flow periods were of such magnitude as to prevent complete
reservoir refilling. Consequently, a succession of drought years pre-
vented the reservoir from providing low-flow regulation 95 percent of
the time .

c. Probability versus frequency of occurrence. It has been
noted that the Public Health Service uses the expressions “95 percent
chance of occurrenc e” and “5 percent probability” interchangeably .

- Use of the 95 percent chance of occurrence means that in application
of a low-flow duration curv e , the selected flow is equa lled or exceeded
95 percent ot the time for the period of record used. This does not
necessarily have any relationship to a 5 percent probability or a flow
tha t is equa l to or less than that experienced once every 20 years.

d. Future stream dep letion. As was brought out in subpa ragra :h
2a~3)(b), ii~tysis of regulated needs should be based on future de-
pleted or modified stream flows (Q1) . The f low to be augmented in
the future will not necessarily be the same flow measured now, but
will be depleted by the then existing water use and management . The

ii 

-
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Rainwater method , as used by the Public Health Service Regiona l
Office, determined a typical monthly distribution of annua l uncon-
trolled runoff and used it as a constant for all future time
periods . As far as could be ascerta ined , the f low requirements
Qt’ ~r ’ and/or Q0 were not modified to reflect factors of futurestream depletion . Consequ ently , storage requirements for future
needs would not be sufficient when viewed from anticipated future
stream depletion .

e. Data obsolescenc e. Allied to the problem of future stream
depletion is data obsolescence (see subparagraph 2a (3) (a)). Refer-
ence is made to the open-file report prepared by the U. S. Geological
Survey . This low-water stud y, covering the period 24 September through
1 October 1953, brought out the fact that the flows in the 3i5 River
were far above average for the basin due to the effect of waste being
discharged into the stream from the then existing mining operations.
Since then, mining operations have decreased and the use of historic
data uxmiodified, as was done in relation to the Meramec Basin report
by the Public Health Service, would provide insufficient amounts for - 

-

water quality control.

f. Minimum control. The Rainwater methodology provides supple-
mental flow requirements to maintain a BOb count of 5 parts per million
on an annual basis and monthly control. It is questionable whether
supplementing flows having a 95 percent chance of occurrence are suffi-
cient . Because of the extend ed low-flow periods now being experienced ,
it is suggested that a minimum flow limitation be provided . Assuming
the Public Health Service criterion is to avoid criticism for providing
excessive storage for augmentation, a minimum limit related to a safe
BOD count , e.g., three parts per million, should be provided as a
critical low with t ime (days) limitations if needed so that absolute
strea m r.gulat io~ can be maintained . Knowing how long the lower BOD
limit -cou ld be maintained without any serious complications to the
public safety v~uld be helpful in routing the demands against any mass
curve modified to the critical load center under study.

g. Us• of same base natural flow. Mr. Rainwater has maintained
that his ~~~ft-on~itorag. is the amount of storage to be provided by
the construction agenc ies . However, where there is a need for both
‘water supp ly and water quality contro l in the same reach, he has ana-
lysed these d ands (%) separate ly, utili zing the same natura l flow
as a base (Q~) to compare his demands. As a result , storage require-
ments for the combined dem~r*ds, as estimated by the Corps, are far
greater then the s~~ of storage provided for both the individual
d nda vhen ana lysed separately over the same natural base flow.

12
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h.. Degree of flow guaranteed. The Regiona l Office of the
Public Health Se rvice indicated that the selected flow (Q1) repre-
seating the unregulated stream flow varied with the purpose under

— study. In the case of stream regulation for water qua lity control ,
- a stream flow (Q

~
) having a theoretical frequency of occurrence of

95 percent was used . In the case of water supply , the f requency of
— occurrenc e selected was 98 percent . Severa l questions have arisen

in conjunction with this degree of flow:

(1) In a reach where both water supp ly and water quality
control are required , which percent frequency of occurrence governs?

- 
(2) Local interests have indicated a desire for guaranteed

water supply , at least as pertains to the maximum deficiency during
the period of record . Since water supply is a reimbursable cost, it
is questioned as to why frequency of occurrence of less than the maxi-
mum deficiency of the period of record was selected .

6. VIEWS OF ST. LOUIS DISTRICT

Review of the Rainwater methodology used by the Publ ic Hea lth
Service to determine supplementa l needs and applicable va lues or
benef its, for either water supply and/or water quality , has led to
the following conc lusions:

( .) a. Use of the theoretically computed flow (Q~) representing
the unregulated stream flow results in a storage requirement (L~~)and time of need, which are erroneous when analyzed using historical
stream flow data on an annual basis and converted to a monthly basis.
The theoretically computed draft—on-storage or, in the case of water
quality alternatives , the amount of pollutants that wou ld have to be
pumped over and above the amount tha t could be assimi lated by the
unregulated stream flow (Q~)~ is computed for only a climatic year
and is based on quantities of flows that are not applicable for
streams that have erratic flow characteristics . Use of the c limatic
year does not recognize extended low-flow drought periods . Further-
more, the theoretically computed Q4 does not necessarily depic t the
flow pattern of the stream , instead , as in the case of the Meramec
River Basin flow , incorrectly credits the streams with greater monthly
f lows and assimi lation capabilitiee for the degree of protection
desired and results in greatly reduced supplementa l needs and resulting
benefits .

-

- 
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b. Benefits computed based on eithe r the annua l draft-on-
storage or pumped increments of sewage are inadequate when viewed
from two other aspects. The first aspect is the discount factor
used in relation to time of need . Use of a higher computed unregu-
la ted flow (Q~) places the time of need and provision per purpose
fa r later than historical stream flow data indica te . The second
factor is tha t the reduced requirement , as dete rmined by the method-
ology, may lead to selection of an alternative means as the basis
for benefit evaluation that is wholly inadequate and impractical for
obtaining the required degree of protection when correlated to his-
torica l flow data and extended flow dura tions.

C.  In reaches of streams where two supplemental flows (water
quality and water supp ly) are required , evaluation of supp lemental
storage or flow needs should be made on a tota l demand basis with
storage allocations to individual purposes apportioned on a first
added—last add~~ -asis . The resultant individual supplementa l flow
requirements would then serve as the basis for benefit evaluation.
This automatically avoids the error of using the same natural flow
when compu ting the individual needs for both purposes , as was done
by the Public Health Service in the Meramec report.

d. In apportioning the supplemental flow requirements per
( - \  purpose under first added-last added basis (see subparagraph c above),

) care should be exercised regarding the routings made to compare
- 

- :~~ natural flows versus demands. In the case of water supply, the mini-
mum flow of record should be selected as a base to which water supply
needs are added under the first added basis. This would assure an
ana lysis depicting a condition that would safeguard the existing
ripian rights and avoid a complete stream depletion by withdrawals.

- e. Selection of pumping increments of sewage from one basin
to another is questionable as to practicality and feasibility in
use as an alternative for wa ter qua lity benefit eva luation. Legal
problems may arise, but more important, a study would be required to
develop future growth and pollution controls on both streams to deter-
mine whether this trans fer of pollutants cou ld be undertaken without
jus t a transferring of one pollutement problem from one basin to
another .

f. Information obtained from the Public Health Service m di-
- cated that the fo l lowing average temperatures for unregu lated flows

ware used to define the seasona l breakdown for both water quality
and water supply in the Meramec report : winter , 41°F; spring and
fall , 59°F; summer 77°F. In its report da ted February 1964, the

0 
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Publ ic  Health Service used the classic seasona l breakdown, i.e., a
three-month winter period - December , January , and February ; a three-
month summer period - June , July, and August; and a six-month spring
and fall period - March , April, May , September, October , and November .

- 
j  To determine the validity of this seasona l breakdown, an analysis

by this District was undertaken using data obtained from the USGS
Circular No. 216 entitled “Water Resources of the St. Louis Area ,
Missouri and Illinois ,” and water temperatures recorded at the water
plant intake located on the Meramec River at Kirkwood , Missouri. A
three-step ana lysis was made to define the seasona l breakdown. This
analysis was based on first recognizing that the average temperature
should be a true median point between the season ’s maximum and minimum

- temperatures; that the temperature differentia l for the maximum,
average , and minimum in each season should be about the same; and that
the range of the diffe~’ential temperatures should be adjusted to re-
flect the effects of the appropriate season, i.e., the trend (recoin-
mended temperature ranges) would justify increasing or decreasing the
flow requirements for water quality control. Results of this analysis
were presented informally to the Public Health Service with the result
that the definition of seasons on a monthly basis was changed and the
revised monthly seasons were used in computing storage requirements and - - 

-

resulting benefits. However, with the increase in the number of low-
flow periods that exceed a climatic year, it is felt that additional
investigation and consideration should be given to further adjus tment

. - and refinement of the seasonal breakdown used by the Public Health
/ 

- Service s inc e that agency equates wa ter usage ~M&I demands) and assimi-
- - lation abilities (water qua lity requirements) to temperature aspects .

- 
- 

-
, 

- This particular point becomes very important in determining supp le-
- menta l f low requirements in a basin.

Prepared by
- U . S. Army Engineer District ,

- St.  Louis
11 August 1965
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560 Westport Road
PU5.~C I~EA~Th SERvIcE Xarisas City , Missouri 64111

WS & PC Program 
- 

- 
- 

August 1965

Colonel James B. Meanor , Jr. -
- Di strict Eng ineer - 

-

St. Louis District - 
- .

Corps of Engineers , U. S. A rmy -

906 Olive Street 
-

- 
- 

- St. Louis, Missouri 63101 Re: LZ’tSED-BM

Dear Colone l Meanor: -

In accordance with Mr. Lawlor ’s letter of 30 July 1965 , we
submit the follow ing background information concerning the
need and benefit evaluations for water quality contro l in
Reach 14-7, the lower basin area of the l4eramec River basin
in Missouri.

In estimating streamflow to be used in determining naed~
for water quality control, a 95 percent probability level
was used instead of 90 percent , which -is frequently used.

/ - This higher value was selected because of the expected) - complete urbanization of the area studied . Use of the 95%
probability values increased the requirements.

The following table shows the expected population and
quantity of sewage to be pumped. -

I Population-and Sewage Pum~ed* 
-

1970 2020 2070

Population 130,000 
- 

620,000 2,000,000

Sewage Pumped 
- 

- - - - . 
-

MG/Year (Ave.) 100 3 ,000 8 000

Siz. of Pipe lines 54” 66” 84”

Maxi~ *m Daily L’umpags
Used in Design (MGD) 45 130 260

*S.vags to be pumped was estimated based on the - 
- . -

- monthly va r iation in the aøetmtlattn$ capacity
-of the unrSgul.ted flow (Qj). The values in the
report are the s~m~ation of all the incr emental

Q 

pumping requirements to handle th. waste loadings
which exceed the assimilative capacity of the un-
regulated flows established by a probability of -

occuzrenc . The crttic*l flow Li th. low flow which
wit], be .xcsedsd - 95 percent of the years .
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— 

— — — -,-~~~~~~ — —5---- -~~~~~~~ - — —



- - 

. 

-

f . 

- 

- 

- 2 -

: Cot. )4eanor ---B/ 3/63

In estima t ing the assimila ting capacity of the stre am in
- Reach M-7 , the “Qj” . exceeded 93 percent of the t ime , was

- establishe d by analysing .11 strsamflow data of record
using median monthly value s on a clima tic year basis. The
return flow frau upstre am municipa l ground water supplies

- will augment the stre amflov cud will be ava ilable for
quality control in ~ucb N-i .

Estimated Unrqpa lated Plow in 2070
That Will Ia Exceeded 95 Percent of the Yssrs

Aortl ~~~ ~~~~ ~~g 
~~~~ ~~~~~ ~~~ ~~~ March

MOD 962 ~93 - 609 
- 

44
2 

405 381 236 337 381 497 362 1080

The pumping stations and pipeline. were sized on the basi s of
- need for each of the periods 1970 , 2020, and 2070 to handle

the maximum daily flows to be pumped. The following table
is the st m.ry of the capita l , operating and mainten ance

- costs, and their amortized value of the pumping st tion~- 
~- - :  - and pipelines.

~\ ~
) - - - P~~~iuz Stationa cod PLpsline Cos.ts

- ~~ Year Annual Coat
• Construction - of Cost DiscOunted (1970 to 2070)

Cost - Pint - at 37. to 1970 A ortized I 37.
- 

$5.4 8 -

6,800,000 l9~0 3,765,000 119,000

44,000* - 736,000 23,300

8,500,000 2020 l,93~,000 61,400

101,000* - 628,000 20,000

ii,ooo ooo 2030 i ,os~,ooo 32,70o
104 ,000* 145,000

TOtAL 261,000

*Aam.e1 .peraei.s cud i~~nusu asses f~~~ yner if fine sssd to
end of cindy petted.

~~~‘2~ 
— 

‘
~~~~~~~— ~~ 

— 
~
——

~~~~~ -~



• 
_ _

.3 .

( Cot. N.anor-~-S/3/63 ’ - - 

- 

-

The estimated cost of pumping stations and pipeline s was
found to be the most economical of the several most likely- a1teruat~jves studied , and wan, therefore, used as the benefit
va lue .

- $5 trust the above informa tion will answer th. question of
cbs lard of Engineer, for Rivers and Harbors, Washington , D.C.

- 

‘ 
~~

- Sincerely , - 
- .

~/ ~
, 
‘
.

-

. 
- 

- HEUERT C. CURE • P.R.Regional Program Director -

- Wa ter Supply and Pollution Control

cc: ~I$~~ - Men: Ereuse - -

- - - 

-
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- Raformu lation of #9 Xronda le Reservoir (cont ’d)

S~~~ary
3. cost citimat a 

~U2~j , 
~~~~i~it

• 01. Lands & damages 8 1,980,000 $ 1,740,000 0 .240,000
02. Relocations • 3,831,000 3,180,000 -631,000
03. Reservoir 235,000 230,000 3,000
04. ~ .s 5,019,000 4,770,000 .249,000
06. Fish & wildlife 

- 
. 11,000 10,000 — 1,000

- facilities 
- 

-

08. Roads, railroads 367 ,000 370,000 3,000
& br idges

14. R.cr.aUonal facilities - 537 ,000 - 400,000 —137 ,000
19. luildings , grounds di 233 ,000 - 220,000 — 13,000

utilities -

20. Permanent operating 164 ,000 160,000 - 4,000
equipment

30. Ingins.ring di design 1,218,000 1,100,000 ‘118,000
31. Sup.rvision & adeinistration 805,000 

- 

720,000 - 85,000

Tota l 14,400,000 12,900,000 $.1,500,~)O0 - 
- -

C. ,kMtL ~I
Flood control - total $ 63,400 $ 63,400 $ -

$5 r c  Rivir ( 63,400) ( 63,400) -

~~~

- 
- - Mississippi River — - — -

- Wat.r quality 320,000 320,000 -

Water supply 9,400 1,600 - 1,800
Recreation a tota l 590,500 448,500 -142,000

Genera l (365,100) (243,600) (—121 ,500)
Fishing and hunting (223,400) (204,900) (- 20,500)

Navigation - .j, ~~~ ~~~~~~~~~~ 
—

TOtal gross benefits $$43 500 $-143,800
lass negative benefits _~~~~~~~~~~~~~~~~~~ 

,,_J~~ 
-

Tota l nit benifits 086,300 $42,700 $.143,800

D. lsn.lit”co.t ratios -

Anneal economic cost • $27,500

A u e l  benefit. • $842,700 
- - -

ls..fi c s.st nit. • 1.3 - 
-

~~~ 
_ _  

_ _
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Reformulation of #9 Irondal. Reservoir (cont ’d) 
S

t -~ - .

~~~~ P. ~pportioomsnt of çO.t~ 
- 

. 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
____

(costs in theusand dollar.)

Federal - 
S

Flood control
- 

Cost 1,399 8.7
Percent S 10.84 - 5.84

Water quality
Cost 5 ,470 - 35.8
Percent 42.40 24.03

Recreation 
- 

- 
-

Cost 4,133 - 

61.2
Percen t - - 32.04 

- 
41.07

Navigation - 
S

Cost 69 0.4
Percent 0.54 - 0.27

Subtotal
Cost 11,071 106.1
Percent 65.82 71.21

fl~~~~z~uiL
Water supply - -

Cost - 138 - 1.9
Percent 1.07 1.27

¼~

Recreation - 
- 

- 
-

Coat 1,691 41.0
Percent 13.11 27.32

Subtotal
Cost 1,829 ~ 42.9
Peicent 

- 

- 
- - 14.1$ 28.79

Total ,nlnet co.ts - • 12,900 149.0

/

o
• 

.

, 

. . 
- S 

• 
-

- :~~ ~~~~~~~~~~~~~~~~~~~~~ 

- 

- 
~~~ :~~~~i~~~



- - - -- - - ~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~ - -

S • 

--

~~~~~~~~ 

- 

- 

--- -—

S S 2 3C

-
~

LI 0%~~~ 1
L •~~~0IC4-I—. .114

1~ 1 — I
Cd

0 e O.~-0”I a
‘0 Cd .~~ In N In

VII N O  
- 

4 4
4 

0 0 C. 0 $00’~’ ao
In -I ‘0 0 -. 01 1001 4’ ~0 0 In - i

4 ~-4 (1% N N In Cd 910 In Cd ‘0

N .-I .~~~~~~ —
Cl 0 ~~ N 0 0 Cl
10 I~l 03 - - ‘ 0 03 1. V. 0% ‘0 0 0 ‘0

0 Cd Q CI — Cd CI I 5 0’ 0% In 1% Cd If I
4 5 - - - ‘.4 -

N — — •

10 ~~. 
- 4 ...I In 0 In

—4 In 0 ‘F’ 0 *0 14 N 03 0% Q 03 I
V ‘0 C. 01 Cl 0 03 I Cl ~~ ‘0 In 4 

- N InCl 0% . -0 0 ~~ Cl .-.

In _ 4, Cl CI 0 In C. 0
4 C. N C. PS CI 1.4 r.. — — 03 03 .-
N ‘Fl In Cd 03 Ill I I OS N CI 4 .~ CI 4?

0 . . 1.10 9 PS ~ - U
Z —. 0 *-‘ 14 S~ S~~.4 1.J

1.4 1.4
0% .-. I C. 4030 I’. 030. I

03 Cd 03 C. N .40 Cd 03 (0 Cl In II
• J CI 0 03 0 • 44 1.
03 U • 1.3 4 4 i/I N 0

0 0 -. — P3

o 01 -. 4 C 1 0 I n  P . 0 P S O
‘0 10 In ~O C. CI 4 ~ ‘. 0’ ‘00105 03 0 5 0 .0
p. Cl I..c~ O~ 1S

~~ . - 0  O 1 0C1 r4 4 V ~l 4

0. 

_ 
0 G 3 C l~~~ N 0 ’0 0  0 1 0 4 . 4

Cd 4, 4 — ~ .-~ C. CI CI 0’ 0110 .105 .4
4 “~ ~~ 4 03 40 4 ‘Fl 03 11 .-. 03 CI ~~ 4 ~~ 0 ~J 4 0 4~. 1 • I n 4  • U -

- Cd ~~ ~‘ 0 ‘. ~4 0. — ~. — CI

- ~ 
- 

~~- 0 ,-. 0 .4 1 0  4 —. In In IF’ 0 CI ‘Fl IC
0 0 1 4  .5 03 1 0 0 3  ..4 1 0 4 > .  C 1 C I  ..IFSCI
— 0. 0  PSI Ill sOCI 4 ~~~ .49CI 4 9 0 10

- I 1 .0 p.1.4 4.4 . C. so * - CI
414 ~ ‘~~ — ‘.4 Cd . —

-• - 
—~~~~~~ 0
0 0 ‘ N 03 Ill 0 PS CI 0’ CI CI 1.3 0 IF’ 1.3 0
~~ I4 C. IF’ Cd In ..4 —. 14 CI PS 03 . C. CI 44 — CI 4 IA • IC -41010 If 1 .~~ ‘o p. 03a . S *~~~~ - - .
1414 ~ N -I .4 .4 .4 .4 ~.s .4 ~~ ~~. N
U~~~ ‘.4 Cd
144. 0.

~ E ~~~ ~.. ~~ 
‘I’
- ~~ —. ~~ a PS CI

U .0 .4 0510 03 0% — 4 CI N ( 0 N~ ; 
~ ~

14
*4 1.4 14 —

.gg
~~~ 

I.

~~ 

~~~~~~~

• 
- 

~~~~ ~~~I. ~~ ~ ~~~~~~~~~ ~~~~~~~~~~ • a
a 4 0 ’ !~~ó 4 I V  N1~~~~~ 14 003 4 0
Ua. C O  U 0 0 0

0 I 14 4?

.~~ .~~~ 
f l o g~~~ ~~~~~~

I. I 1 . 1 4 1 .  *I4~~~~~~ ~~~~~~~~~~ “R

IlL 

S~~~~~~~~~~ 5 
• V I ! 3 

~~
J1

~~~
Jt JJJ~ ~

j -
~~iii~~~

I ‘ / - 

~ 
j .~ ~

F~~~IL - i..! ----.:
~~

--- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ —-



—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -——— -5- --- - —  - _________________________________ ___________________________________

S I 

- - - - 5  -~~~~ — —-- - -- - - -

Shest l of l2
~~ ,• Table 2

- Statistica l arra y
Moan monthly discharges - Apri l

Meranec River , Mo. • Eureka , No., gage

Discha r ge Percent
c . f .s .  occurrenc e

22 ,600 15 2. 38
20,000 2 4.76
15,500 3 7.14
15,400 4 9.52
12,770 5 11.90
12,390 6 14.29
9,060 7 16.67
8,551 8 19.05

- 
8,044 9 2 1. 4 3

7,513 10 23.81
7,390 11 26.19 - •

7,178 12 28.57
6 ,770 13 30.95
6 ,387 1i 33.33

- 
5,880 15 35.72

- 
)  - 4,705 16 38.10

-‘ 
- 4,650 17 40.48

4,363 18 42.86
4 ,330 19 45 .24 - 

- 
-

4,138 20 47.62
3,934 21 50.00
3,901 22 52.38
3,883 23 54.76
3 ,737 - 24 57.14
3 ,663 25 59.52
3 ,568 26 61.91
3,381 27 64.29
3 ,370 28 66.67
3 ,357 29 69.05
2,953 30 71.43
2,790 31 73.81
2,750 32 76.19
2,675 33 78.57
2,388 34 80.95 - -

2,350 35 83.34
2,126 36 85.72
2,102 37 88.10
1,798 38 90.48
1,700 39 92.66

ç -

~~~~ 

. 1,100 40 93.24
V 

~~~~ ) 
969 41 97.62
943 - 42. 100.00 - • - -

•~~ ~~~~~~~~~~~~~~~ — 
- 

- - - 
‘—--- -,~~~~~~~ --- 

— ~~~~~~~~~~~~~~~~~ 
-
~~I~~~~~ — _____
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f’ t Statistical array
‘. -‘ Mean monthly discharges - May

Meramec River , Mo . - Eureka, Mo., gage

Discharge Percent
c.f . s. Occurrence occurrence

17 ,730 1 2.38
15,860 - 2 4.76
13,430 3 7.14
15,100 4 9.52
13,600 5 11.90
11,400 6 14.29

- 10,770 7 16.67
9,081 8 19.05
8,976 9 21.43
8,289 10 23.81
8,010 11 26 .19
6 ,263 12 28.57
6,240 13 30.95
5,066 14 33.33
4 ,980 15 35.72 - -

4,762 16 38.10
4,659 17 40.48( 4 ,595 18 42.86
4 ,431 19 45 .24 —

4,187 20 47 .62 - 
-

4 , 141 .21 50.00
3,249 22 52.38
3,240 23 54.76
3,140 24 57.14
3,072 25 59.52
2,860 26 61.91
2,799 27 & 28 66.67
2,720 29 69.05
2,510 30 71.43
2,077 31 73.81
1,960 32 76.19
1,759 33 78.57
1,752 34 80.95
3 ,747 35 83.34
1,562 36 85.72
1,450 - 37 88.10
1,242 

- 

- 38 90.48
970 39 92.86
924 40 95.24
822 41 97.62

- 
- 708 42 100.00

-

~ 

-

~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~
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Statistical array
Mean monthly discharges - June

Meramec River , Mo. - Eureka , Mo. ,  gage

Discharge Percent
c.fs. Occurrence occurrence

18,070 1 2.38
- 16,000 2 4.76

• 14,800 3 7.14
13,890 4 9.52
11,490 5 11.90
8,350 6 14.29
7,940 7 16.67
7,539 8 19.05
7,188 9 21.43- 4 ,880 10 23.81
4 ,800 11 26 .19
4 ,241 12 28.57
3,580 13 30.95
3,433 14 33.33
3,394 15 35.72
3,230 16 38 .10
3,199 17 40.48
3, 110 18 42 .86
2 ,874 19 45 .24
2,830 20 47.62
2,633 21 50.00
2,145 22 52.38
1,952 23 54.76 -

1,836 24 57 .14
1,800 25 59.52
1,776 26 61.91
1,522 27 64.29
1,470 28 66.67
1,620 29 69.05
1,405 30 71.43
1,338 31 73.8 15
1,260 32 76.19
1,020 33 - 

7 8 .56

943 34 80.95
922 35 83.34
914 36 85.72
849 37 88.10
820 38 90.48
803 39 

- 

92.86
673 40 95.24
590 41 97.62
303 42 100.00 • -

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —- m:— ’— ~~~ - T~~~
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Statistical array
Mean monthly discharges - July

Merainec River, Mo. - Eureka , M o. ,  gage

Discharge Percent
c . f . s .  Occurrence occurrence

12,600 . 1 2.38
11,500 2 4.76
5,659 3 7.14
5 ,631 4 9.52
4,983 5 11.90
4 ,455 6 14.29
3,250 7 16.67
2,901 8 19.05
2,880 9 21.43
2 ,744 10 23.81
2 ,677 11 26.19
2,255 12 28.57
2 ,254 13 30 .95
1,549 14 33.33
1,471 15 - 35.72

( 
1,466 16 38.10
1,450 17 40.48

- 1,420 18 42 .86
1,260 19 45 .24
1,142 20 47.62
1,125 21 50.00
1,078 22 52.38

999 23 54.76
985 24 57.14
844 25 59.52
823 26 61.91
726 27 64.29
713 28 66.67
692 29 69.05
689 30 71.43
685 31 73.81
629 32 76.19
620 33 78.57
614 34 80.95
604 35 83.34
601 36 85.72
553 37 88 . 10
506 38 90.48
497 39 92.86

- 
, . . - 

- 
- . 474 40 95 .24) 356 41 97 62

H 318 42 100 00
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Sheet 5 of 12

Statistical array1~~
, - Mean monthly discharges - August

Meramec River , Mo. - Eureka, Mo., gagç

Discharge Percent
________  Occurrence occurrence

I - 4 ,286 1 2.38
4,175 . 2 4.76

- 2,780 3 7.14
2 ,120 4 9.52
2,062 5 11.90
1,855 6 -14.29
1,710 7 16.67
1,640 8 19.05
1,510 9 21.43
1,474 10 23.81
1,200 11 26 .19
1,077 12 28.57
1,073 13 30.95
1,061 14 33.33
1,056 15 35.72
1,051 16 38.10

— - 1,045 17 40.48( - 1,024 18 42.86
949 19 & 20 47.62
890 21 50.00
820 22 52.38
772 23 54.76
771 24 57.14 -

758 25 59.52
733 26 61.91
729 27 64.29
654 28 66.67
648 29 69.05
612 30 715.43
554 31 73.81
551 .i 32 76.19
344 33 78 . 5 7

526 34 80.95
310 35 83.34
488 36 85.72
473 37 88 .10

428 38 90.48
407 39 92.86
396 40 95.24
386 41 97.62
233 42 100.00

H

*5 — — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-S _______________________________________________



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

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

-

S .

(
~ 

Sheet 6 of l2

Statistical array
- Mean monthly discharges - September

Meramec River , Mo. - Eureka, Mo ., gagq

Discharge Percent
c.fs . Occurrence occurrence

- 
- 5,478 . 1 2.38

- 4,396 2 4.76
3,597 3 7.14

- 3,268 4 9.52
2,682 5 11.90

- 1,850 6 14.29
1,430 7 16.61
1,390 8 19.05

- 
- 1,377 9 21.43

1,010 10 23.81
- 921. 11 26 .19 1 -  

-

912 12 28.57
- 870 13 30.95

798 14 & 15 35.72
- 

- 784 
- 

16 38.10
( ‘

~ 

-
- 

-
- 

- 773 17 40.48
•- - / -y~ - 765 18 42.86

- 
- 756 19 45.24

- 684 20 47.62
- 662 21 50.00
. - - 653 22 52.38

- - 640 23 - 

54.76
632 24 57.14 -

- 616 25 59.52
- 615 26 61.91 .

- 592 27 - 

64.29
- 586 28 66.67

584 29 69.05
560 30 71.43
545 31 - 73.81
504 32 76.19
496 33 78.57
486 34 80.95
483 35 83.34• 477 36 - 85.72 -

475 37 88.10
- 471 38 90.48

408 39 92.86• 390 40 95.24
- - - . . 297 41 97.62

- 
( 5 )  244 42 

- 

100.00

~3 j 5  -

- 

- 

~~~:t-~ 
~~~~~~~~~~~~~~~~~~~~ 

- - - - -
~~:~ 

-- 
~~~~~~ 
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Sheet 7 of 12

(5 ) - Statistical array
Mean monthly discharges - October

Meramec River , Mo. - Eureka, Mo. gage

Discharge Percent
c .f .s .  Occurrence occurrence

- - - - - 
-

5 12,120 1 2.38
3,850 2 4 .76
3,760 3 7.14
3,600 4 9.52
3,019 5 11.90
2,820 6 14.29
2 ,620 7 16.67
2,407 8 19.05
1,740 9 21.43

- 1,600 10 23.81
1,231 11 26.19
1,149 12 28.57
1,120 13 30.95
1,062 14 33.33
1,031 15 35.72

— 
1,014 16 38 .10

( 847 - 17 40.48
-

I 

~ 
- 791 18 42.86 - - 

-

717 19 45.24
705 20 47 .62
704 21 50.00
689 22 52.38
634 23 54.76 -

675 - 24 57.14
653 25 59.52
638 26 61.91
622 27 - 64.29
592 28 - 66.67
589 29 69.05
578 30 71.43
573 31 73.81
573 32 & 33 78.57
571 34 80.95
569 35 - 

83.34

548 36 85.72
37 88 . 10

438 38 90.48
436 39 92.86
427 40 95.24
418 41 97.62
239 

1 

100.00 

—

~

___
- - - - - -
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Statistical array
Mean monthly discharge s - November

Meramec River , Mo. - Eureka , Mo., gage

Discharge Percent
- 

c.f.s. Occurrence occurrence
- 

- 7,317 - 1 2.38
7,086 2 4.76
5,790 3 7.14 -

5,209 4 9.52
5,070 - 5 

- 11.90
4,660 6 14.29
4 ,507 - 7 16.67
3,830 8 19.051 - - - 3,390 9 21.43

• 

- 
2,312 10 23.81

- 1,973 11 26. 19
1,943 12 -- - 28.57
1,932 13 ~~~~~~~ 

-
- 

- 30.95
1,930 14 - 

- - _ 33.33
1,822 15 - 35.72

( 
- 1,638. 16 38.10

- 1,569 - 17 40.48
- 1,382 18 42.86

1,278 19 45.24
1,224 - 20 - 47.62

- 
- 1,213 21 50.00

1,212 22 - 52.38
1,140 23 54.76 -

- 
- - S 939 24 57. 14

- 
- - 927 25 59.52

- 913 26 61.91
-
~~~~~

:: .- - 
- 882 27 64.29

865 28 - 66.67

829 29 - - 

69.05
- 

821 30 71.43
786 31 73.81

-
~ 

- 
5 686 32 76.19

- 

- 
-. 644 33 78.57

- 641 34 80.95
632 35 83.34

- - 

630 36 85.72
629 37 88.10
587 38 90.48

- 

511 39 92.86
~~~~

- . 
- . 51.0 40 95.24

- (: 
) 

486 41 97.62
464 42 100.00
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Statistical array
Mean month ly discharges - December

Meramec River , N o. - Eureka , Mo., gage

Discharge Percent
c .f .s.  Occurrence occurrence

9,296 1 2.38
7,250. 2 4.76
5,380 3 7.14
4 ,436 4 9.52
3,954 5 11.90
3,782 6 14.29
3,730 7 16.67
3,660 8 19.05
3,550 9 21.43
3,400 10 23.81
3,340 11 26.19
3,280 12 28.57
3,012 13 30.95
2 ,360 14 33.33
2 ,240 15 35.72
2 ,145 16 38.10

(
, ) 1,917 17 40.48

1,811 18 42.86
1,700 19 45.24
1,630 20 47.62
1,601 21 50.00
1,506 22 52.38
1,469 23 54.76
1,340 24 57.14
1,255 25 59.52
1,250 26 61.91
1,167 27 64.29
1,164 28 66.67
1,125 29 69.05
1,100 30 71.43

991 31 73.81
870 32 76.19
826 33 78.57
805 34 80.95
791 35 83.34
711 36 85.72
690 37 88 .10
670 38 90.48
630 39 92 .86
581 40 95.24
511 41 97.62

I (  ) 
426 42 100.00

I J

- -
~~~~

-- 
~~~~~~~~~~~~~ —5.-. — - - 
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- - Statistical array
Mean monthly discharges - January

Meramec River , Mo. - Eureka , Mo., gage

Discharge Percent
c.f.s. Occurrence occurrence

4

17,320 1 2.38
9 ,918 - 2 4.76
8,920 3 - 7.14
7 ,651 4 9.52
5,668 5 11.90
5,540 6 14.29
4 ,490 7 16 .67
4,200 8 19.05
4 ,024 9 21.43
3,945 10 23.81

- 3,867 - 11 26.19
3,340 12 - 28.57
2 ,903 13 30.95
2 ,750 14 33.33
2 ,748 15 35.72
2,553 16 38.10

( \ 2,414 17 40.48
2 ,323 13 42.86
2,284 19 45.24
2 ,240 20 47.62
1,990 21 - 5 0 .00

• 1,939 22 52.38
1,925 23 54.76
1,820 24 57 .14 -

1,790 25 59.52
1,637 26 6 15.9].
1,622 27 64.29
3,380 28 66.67
1,370 29 69.05
1,240 30 71.43

• 
- 1,178 31 73.81

1,038 32 76.19
976 33 78.57
953 34 80.95
915 35 83.34

768 36 85.72
758 37 88.10
665 38 - 90.48 ~~~~~~~ - - - -

~
-

~~~~

372 39 — 
92.86

362 40 95 .24
S 

- .  . . 530 41 97.62
374 42 100.00

_ _ _ _  

-
S

i

5’
~~~~ ~~~~~~~~~~~~~~~~~~ 

—

~~~

_ —5 — - 
_ 
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Sheet 11 of 12

( ) Statistical array
Mean monthly discharges - February
Mexamec River, Mo. - Eureka, Mo., gage

Discharge Percent
_ç.f.s. Occurrence occurrence________

— A

10,350 1 2.388,428 2 4.76
8,251 3 7.14
7 ,090 4 9.52
6 ,588 5 11.90
6,529 6 14.29
6 ,380 7 16.67
6,232 8 19.05
4 ,810 9 21.43
4 ,310 10 23.81
4 ,210 11 26 .19
4 ,149 12 28.57
3,951 13 30 .95
3 850 14 - 33.33
3,840 15 35.72
3, 186 16 38.10j  3,060 17 40.482 ,652 18 42.86
2,610 19 45.24
2 ,532 20 47.62
2,490 21 50.00
2 ,470 22 52.38
2,309 23 54.762 ,280 24 57.14
2,065 25 - 59 .52

2,023 26 61.91
1,949 27 64.29
1,948 28 66.671,847 29 69.051,750 30 71.43
1,523 31 73.81
15,453

5 
32 76.191,390 33 78.57

1,256 34 80.95
1,143 35 83.341,120 36 85.721,117 37 88.10
1,107 38 90.48
1,100 39 92.86
620 40 95.24
569 41 97.62
538 42 - 100.00

______ 
_
~~~_ - 5 _ _ _ 

~~~~~~~~~~
- - - -

~~~~~~~~ - -.~~ - 
— --v-
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- - Statistical array
Mean monthly discharges - March

Meramec River, Mo. - Eureka, Mo., gage

Discharge Percent
A 

— c.f.s. Occurrence occurrence

13,390 1 2.38
9,949 2 4.76
9,855 

- 

3 7.14
7,797 4 9.52
7,330 5 11.90
7 ,320 6 14.29
7,233 7 16.67
7,224 8 19.05
7,082 9 21.43
6 ,960 10 2~ .81
6 ,910 11 26.19
6,739 12 28.57
6 ,706 13 30 .95
6 ,624 14 33.33-

- - / 
- -

~~• 6,467 15 35.72
( 

- 6,250 16 38.10
5 ,59~. 17 40.48
4,757 18 42.86
4 ,715 19 45.24
4,550 20 47.62
4,544 21 50.00
4,520 22 52.38
4 ,182 23 54.76
4,054 24 57 .14
4,030 25 59.52
3,647 26 61.91
3,354 27 64.29
3,120 28 66.67
3,0715 29 69.05
3,060 30 71.43
3,007 31 73.81
2,815 32 76.19
2,580 33 78.57
2,270 34 80.95
2 ,233 35 - 83.34
2,194 36 85.72
1,900 37 88.150
1,570 38 90.48
1,516 39 92.86
949 40 95.24

- ( 

‘
) - 

671 41 97.62
- \ 1 - 314 42 100.00

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

- 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-
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Cost Allocation Studies

Irondale Reservoir

Determination of Separable Coats - 
-

A. Total Separable Cost -

1. Flood Control (Normal Pool Area — 4,100 acres — 1500%)

a. Separable cost • $598 ,000 -$552 ,700 — $45,300

2. Water Quality

a. Separable cost — $598 ,000 -$568,200 $49 ,800

b. But without water quality, the normal pool is reduced to

3,600 acres or — 127. and results in the following benefit loss: ~

- 
-

$843,500 -$470,500 • $373,000 of which $320,000 is water quality,

( )  $3 900 is navigation, $29,200 is general recreation and $19,900 is

- - 
- Fish and Wildlife. Total recreation — $49,100

c. Modified separable cost — $49,800 -$127. of $62 ,500 (annual

specific cost of recreation) or $7 ,500) — $42,300

3. Water Supply

a. Separable cost — $598,000 -$424,000 — $174,000

b. But without water supply, the normal pool is reduced to - 

-

2 100
2 ,000 acres or 4,100 • 51% and results in the following b.nefit loss:

$843,300 -$626,900 — $216 ,600 , of which $7,600 is water supply, $100

is navigation, $124,200 is general recreation and $84,700 ii Fish and

Wi ldlife . Total recreation — $208,900
- c. Modified separable cost — $174,000 •(517. of $62,500 (annual

specific cost .f reduction) or $31,900) • $142 ,100 
-

— - -~~~~~ 
-
~ 

- 
- - - --5— ---- - - - -

~~~~

-------- ---- 
-~~~~~
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~~~~~~
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) B. Operation and Maintenance (including supervision and administration
costs) 

- 
-

1. Flood Control - 

-

a. Separable cost a $129,000 -$123,000 — $6,000

2. - Water Quality 
-

a. Separable cost — $129,000 -$116,000 — $13,000

b. Modified separable cost a $13,000 -(127. of $34,000) —

$8,900

3. Water Supply

a. Separable cost $129,000 -$72,000 a $57,000

b. Modified separable cost — $57,000 -(51% of $34,000) —
-

$39,700

C. Replacement Coats

( 
\ 1. Flood Control

a. Separable cost — $20,000 -$19,000 • $1,000

2. Water Quali y

a. Separable cost a $20,000 -$18,000 • $2,000

b. Modified separable cost — $2 ,000 -(12% of $7,000) —

$1,200 - 
—

-3. Water Supply 
*

a. Separabl. cost • $20,000 -$9,000 — $11,000

b. Modified separable dost — $11,000 -(31% of $7 ,000) •

$7,400

1) 2~~~~~~~~~~~~ 

*_ - —_—- - - - - 

~~~~~~~~~~~~~~~~~~~~~~~~! :‘ -~ - ‘~~~~~~
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- Cost A1.loda tion Studies
- Union Reservoir . 

- 

- 
- - 

- 
- - -

Determination of Separable Costs 
-

- 

- 
-

A. Total Separable Cost 
. -

1, Flood Control (Normal Pool Area • 6,500 acres — 1007.)

- a. Separable cost • $1,189,200 -$846 ,600 • $342 600

2. Water Quality

a. Separable cost a $1,189,200 -$1,023,400. $163,800

b. Rut without water quality, the normal pool is reduced to

5,200 acres Or — 20.0% and results in the following benefi t loss:

$1,835,800 .01,463,900 • $371,900, of which $177,700 is water quality, -

$1,400 is navigation, $144,600 is general recreation and $48,200 is( 
Fish end Wildlife. Total recreation — $192 ,800

c. Modified separable cost • $163,800 -(20.07. of $176,900
- (s~~”.1 specific cost of recreation) or $35,400) — $128,400 -

3. Water Supply -

- a. Separable cost •~$1,189,200 -$983,300 — $203,700

b. Rut without water supply, the normal pool ii reduced to
- 

- 
4,330 acres or — 33.17. and results in the following benefit loss:

$1,835,800 -$1,344,200 — $491,600, of which $112,100 is water supp ly,
- $400 is isvigstt~~, $23~,300 is general recreation and $79,800 is Fish

- aed Vildiils. 1b~~1 recreaëios • $319, 100 -
~~~~~ . 

- - - 
-

- 
S. Ibdi fted separable Cost — $203,700 (33.12 of $176,900

(r— ----1 speeift. ..et of rsaremtten).or $31,600) — $143,100 -

(

-
\ 

- 
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( 
I ), Operation and )Iaintenancs (including supervi sion and a~~inistrst Lon

t 
costs) 

-
- 

- 

- -

- 1. Flood Control 
- 

-

‘

- 
- a. - Separable cost • $204,000 -$175,000 • $29 ,000

2. Wat.r Quality -

a. Separable Cost — $204,000 •$l74,000 • $30,000 -

b. Modified separable cost • $30,000 •(20.0% of $103, 100) —

- 

-

3. Water Supply 
- 

-

a. Separable cost • $204,000 -$137,000 • $47,000

b. Modified separable cost — $47,000 -(33.1% of $103,100)- .

- $12,900 
-

- 
- 

- 

C. lsplac nt Costs - - -

H 
( ) 1. Vlood Contro l

a. Separable cost — $28,000 -$20,000 • $8,000

2. Water Quality

a. Separable cost • $28,000 -$23,000 • $5,000 -

. b. N~dified separable cost • $5,000 .(20.0% of $13,000) —

$2,400

3. Vater Supply

a. Separable cost — $21,000 421 ,000 — $7,000

b. ~~~~ft.d separabl, cost — $7,000 -CR3.17. of $13,000) —

$3,700

*
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- Cost Allocation Studies 
-

Pine Ford Reservoir

• t 
- Determination of Separable Costs - -

‘~ 

A. Total Separable Cost

1. FLood Control (Normal Pool Ares • 3. 700 acres • 100%)

— a. Separable cost • $1,171,900 -$750,400 a $621,500 -

- 

2. Water Quality

- 
- -

- - 

-
- a. Separable cost a $1,171,900 -$976,200 — $195,700

- b. But without water quality, the- normal pool is reduced to

3,100 acres or 
~~~~~~~ 

a 16.2% and results in the following benefit - 

_ 
-

- 
loss: $1,840,200 -$1,590,600 — $249,600, of which $74,200 is water - -

,
- - - . quality, $1,600 is navigation , $142,000 is general recreation and -

- ( -
V - $31,800 is Fish and Wildlife. Total recreation — $173,800

c. Modified separable cost • $195,700 -(16.2% of $211,000

(annual specific cost of recreation) or $34,200) — $161,500
- - - 

S 
3. Water Supp ly -

a. Separable cost • $1,171,900- -$946,800 • $225 ,100 - -

‘1 b. But without water supply, the normal pooi is reduced to - - -

2,800 acres or 
~~ 

— 24.3% and results in th. following benefit - - 
- -

loss: $1,840,200 -$1,498,000 • $342,200, of which $81,400 is water

- 

- supply, $213 000 ii general recreation and $47,800 is FLab and Wildlife .
- - 

- 
- 

- 
Total recreation • $260,800 - 

-

- 

- c. Modified separable cost • $223,100 -(24.3% of $211,000

(sw’usl specific cost of recreation) or $31,300) • $173,800
- - 

- 

S 

-
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( B. Operation and Maintenance (including supervision and administration
costs)

1. Flood Control

a. Separa ble cost • $223,000 -$192 ,000 • $31 000

2. Water Quality

a. Separa ble cost — $223,000 -$187,000 — - $36,000

b. Modified separable cost • $36,000 -(16.2% of $125,400) —

- $13,700 
-

3. Water Supply

a. Separable cost a $223,000 -$176,000 a $47,000

b. Modified separable cost — $47,000 -(24.3% of $125,400)’

$16,500

C. Raplacemant Costs

( ) 1. Flood Control

-
‘ 

- a. Separable cost —-$30,000 -$20 ,000 • $10,000 
-

2. Water Quality

a. Separa ble cost • $30,000 -$20,000 — $10,000 -

b. Modified separable cost a $10,000 -(16.2% of $15,400) a

$7,500

3. Water Supp ly

a. Separable cost • $30,000 -$19,000 • $11,000

-
• 

b. Modified separable cost — $11,000 -(24.3% of $13,400)

~4 
$7,300

S.
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Cost Allocation Studies

Iourbeusa River Reservoir 
-

• Determination of Separable Costs - -

A. ‘tOtal separable Cost

1. Flood Control (Sux.~l Pool Axes • 850 acres • 100%)
a. Separable cost • $352,200 -$278,600 • $73,600

2. Water Quality

a. Separable cost — $332 ,200 -$269,300 • $82,700

b. - But without water qualit y, the normal pool is reduced to

430 acres or • 47.1% and re sults in the following benefit loss:

$678,900 -0196,700 — $282 ,200, of which $175,700 I. water quality,

( \ - $200 is navigation, $88,900 is general recreation and $17,400 is Fish
‘I
’ 

/ 
and Vildlife. Total recreation — $106,300

c. Modified separable cost — 582,700 -(41. 17. of $60,900

(a’i~’~aal specific cost of recreatio n) or $28,700) • $34,000 
-

I. Operation and Maintenance (including supervision and a~mi~istratLon - 
-

costs)
/ 

- 1. Flood Control -

a. Separable cost • $119,000 .098,000 • $21,000

2. Mater Quality

a. Separable east • $119,000 -$79,000 — $40,000

a. MadUL.4 separable east • Ø0,000-.(47.1%.t $34,900) .
- -

_
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C. R.plac.msnc Costs- 

- - 

- 
- -

-

- 

- 

- 

- .  -~ 

-

-

. 
-

~ 

- 

- -

- 
- - - 1. Flood Control • 

- 

-

S a. Sepa rable cost — $18,000 -$12,000 • $6,000 z 0.71839* — 
-

$4,300 
- 

-

- 

2.- Water Quality 
-

a. Separable cost — $18,000 -$4,000 • $14,000

b. Modified separable cost • $16,000 •(67 . l% of $3 ,300) • -

$11,400z0.71839*s $8, 200 
- -

- 

* Adjust nt factor - 

- -

S,?~~~~~~~

( )  
2
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- Cost estimate
angler-use site

(boat access)

.14 Recreation facilities

Access road $1,000
Comfort station 6,500
Subtota l 7,300

S Contingencies 700 - 
- -

Tot 1 recreation facilities

.30 Engineering & design - 1,000

.31 Supervision & administration - -

Total Federa l cost $10,000 : -

- 

I
— .01 lands 3,500

.14 Recreation facilities 
-

Well v/pump - 2 ,300
Picnic tables 600
Irui.r s 350 -

Refuse contai ner. 200
Incinerator 350
Subtotal - 4,000
Contingencies 700
Tota l recreation facilities 

- 

4,700

Total land. and recreation facilities 8,200

.30 ~~~~nesriag & design - 1,000

.31 Imparvision 4 s~~~ui.tration , J ~
Total 4sdarsl east $10,000

_ I 

- ---5 --

~~~~~

- -~~~~~~~~~ - - --



- 
I 

.5

• S 

- 
- ‘

-

S
.

-

- 
Cost estimate - .

angler -use sits - -

(road access) - -
- - -

4 
Federa l - 

-;

.14 Recreation facilities

• Boat launching ramp - $ 3 ,300
- Parking area, surface treatment 9,300 -

Subtotal - 14,600
Contingencies - 1 400
Tota l recreation facilities - 16,000

.30 Enginee ring & design - - 1,500

.31 Supervision & administration - ,_,j,~~~
Total Federa l cost $18,500

(-~~~~~~~~~~~~~~ al 
- -

~ 
- 

.Ol Lands $ 3 ,500

.14 Recreation facilities

Well u/pu.p 2 ,300
Comfort station - 6,300 

- 
- -

Picnic tables 600 -

Bra siers 350
Refus. containers 200
Incinerator 350
Road treatment - 1 OOQ
Subtotal - 11,500
Contingsnci.s 1 500
Tota l recreation fac ilities iS,00o

Total lands and rscreation facilities 16,500

.3O Sugia.ering & d..i n 
- - 1,200

.31 Supervision & a~~4.dstration 
-

Total aon.Ped.rel e.et - $18,300 
-
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DEPARTMENT OY THE ARMY

( eOA~oo Hafr~u.on~~va~.ANoHAnaoAs

• ~~~~~~ST ~~~~~~~~

• ZNGBB 10- August 1965

SUBJECT: )lersmec River, Missouri, 8~~~ ry Report

TJ~~ : Chief of Engineers
AT~~: OCW—PD
Depar~~ent of the Are’

TO: - Division Engineer
U. B. Ar~~r L~g4neer Diviaion, Lower )Ltssissippi Valley
Vicksburg, Mississippi -

1. Reference is i ade to BRR1~ letter of 27 July 1965 on the
subject report . Further review has indicated the need for edditianal -

( ) information as discussed in the following paragraphs.

2. Th. Board staff has recently been advised informally by a
representative of HD1, Washington, that the report prepared by the
Eansss City, )lissouri office of }i~ i, dated December 1964, and in-
cluded on 8~~~ ry Report, as Attachment 1, is recognised as KWs
“official report.” Attachment 2 of the Corps St~~~ry Report, in-
dicates that data furnished by 1~ J were translated by the Corps
into storage requirements prior to project formulation. It is
stated that back-up data are on file in the St. Louis District of- -

fice. A~cording]y, it is requested that sufficient information be
furnished for the Board to determine the method used in conversi on
of }~~f’ s values to those given by the Corp. in Attachment 2. For
example, in H~(’s report Table 110. VIII-5, it is indicated that the
suppl ental flow above a base flow which would be required in con-

- nection -with -water - quality control in reach 11-7 during September in -

the year 2070, is estimated at 939 a.g 4. or 1,460 c.f.s. Attach-
ment 2, Table 6 (Corpe_report) sha*s the water q~*lity requirement
for the sans period (a~~~ei. season) , to be 1,880 c.f.s. or 420 c.f.s.
pester. For the month of S.pt.ab.r in the year 2~~0, the ~~~ report
gives-s vs1ia~ equivalent to 216 c.i.a. as ccmpsr.d to 572.i~ c.t.s.

bT the Ccv~s £ttmii~a’~t 2. It is reqwaeted that the reasons

S

_ _  -
-
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E~GBR - 10 August 1965
SUBJECT; )4eramec River, Missouri, Summary Report

and methods for these differences be clearly explained. Does MW
approve of the Corps changes in the method?

3. Attachment 5, Table 7, indicates that the value of reservoir
storage allocated to evaporation increases rapidly in the later years
of each reservoir project - life. It is understood that the conserva-
tion pool elevation will generally stay the sans throughout the proj-
ect life of any one structure. It is not clear wh3r the evaporation

• rate is less for the recreation use than for water supply and water
quality control uses. Also, evaporation storage is less for 2020
needs than for 201e5 needs as shown on Attachment 5, Table 8.

4. The Meramec Pa~rk project as proposed includes about 400,000
acre-feet of conservation storage including evaporation. Attachment 5, - 

$
4 

Table 8, indicates that if thta project were constructed the water qual-
ity and water supply needs in sub-basin 11-7 could be served adequately - 

- 
- -

until after 2045. Based on current costs and unit benefit values, what
would be the average annual benefits and benefit-cost ratios for each
of the other projects if Union, Pine lord, Irondale, and 1-38 as pro-

- 
-- - - - 

posed in the report were deferred for construction until the year 2020,( - s assum1ng water supply and water quality storaga for reach 11-7 were maxi-
mined in the Meramec l~rk project first, and that needs for all purposes
in the study remained constant after 2070.

5. Benefits for project purposes have been evaluated in many - -

cases by using the least costly alternative single- or multiple-purpoi.
— 

reservoir which would most likely be constructed in the absence of the
propo sed project. The Secretary of Ara~y’ s office has requested for
~4~~41.i. reports that some deve1a~ment of alternatives for major $ruc.
tures he included in the report . It is suggested that specific coat

• data on the major alternatives used in derivin g benefit values in the
report b furnished for the information of the Board.

6. Benefits for water - supply and water quality control are
shown in Attacheent 5, Table 9, as the s~~~~tion of benefits for the
local areas and for reach 11-7. It ii requested that information be
furnished shoving the breakdown between the local. areas ant reach 11-7,
for items of ann al costs and annual benefits for the water supply
ant -the water q~ua3.ity control features as they- apply to each reservoir

“°~‘~~~ ‘°~~~~~~~~

“~ 
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- - 10 August 1965
SUBJECT: Meramec River, Missouri, S~~~ary Report

7. There is inclosed a table showing allocated costs per acre-
• foot of storage for the primary purposes at each reservoir. Co~~ents

on the wide range in unit costs are invited.

8. It is not apparent from the su ary report if consideration
has been given to stage construction of reservoirs particularly with
regard to the water quality and water supply storag. requirements.
Discussion of the value of stage construction vould be appreciated.

9. Because of the heavy work load in ~~GCV-PD, P1anni~g and
Reports at this time the Board staff has been delayed in discussing
with that office certain policy matters which have developed in con-
nection with the review of the report. It is anticipated that these
matters will be discussed at an early date after which vs will con- I -

municate further with your office •

10. Co~~~nts and revised pages, as appropriate, resulting from
-consideration of the foregoing would be appreciated at the earliest
practicabl. date .

FOR TSR BOARDz 
-

l Inci
as Colonel, Corps of Regineers

Resident 3~~~er
. 5  

-

cow furnished: (v/imoL) -

Dist Regr, It. Ionic
Div k~~, IJIVD (gd,- .a~~~ s i~~~~~tion) -

-
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COMMENTS
ON

BERH LE TTER . 10 AUGUST 1965
SUBJECT: MERAMEC RIVER , MISSOURI, SUMMARY REPORT

References below refer to paragraphs in subject letter.

a. Reference paragraph 2 - water quality Reach M-7.  The

Department of Health , Education, and Welfare report , Table VIlI-5.
shows the maximum reservoir release required over and above a corn-
puted theoretical unregulated stream flow (Q~) to meet the needs for
water quality in Reach M-7. These value s are based on the Rainwater
method of analysis. which involves the use of several formulas. First ,
the total stream flow (Qt) required to provide the acceptable level of 

-

quality control is determin ed. The value of O~ is given for seasonal
period s and is based on the assumption that primary and secondary
treatmen t is provided. Conside ration is then given to the return flow
(Qr) which represent s a portion of the mupicipal and industrial water

- 
~

- --. returned to the stream at selected load centers. In the case of the
( ) Meram ec Basin , this is a subtractive quantity since the source of the

- - return flow comes from underground water And is independent of the

stream flow. The require d stream flow , as mouified by return flow
I - (Qr), is then determined by the formula Qo = Ot - 0r~ 

The Public - 
-

Health Service then determined the amount of suppleme ntal storage
release ( •) by use of the formula Q0 - Oj = ~~

, where Q0 equals str eam
- : flow demands in term s of c. I. a. ; Q

~ 
a computed statistical flow in terms

of c. f. s. charac terizing the present unregulated st ream flow at each
load center; and $ being the differenc e in terms of c. f. ~. between Q0
and Qj. The 939 m. g. d. • which is 

~~
, shown for the month of September

for the year 2070 in the Public Health Service report represents the

reservoi r release required for water quality in Reach M-7• By sum-
mating the monthly releases shown for 2070, the Public Health Service
estimate d the draft-on-storage required per year at 342 . 000 acre-feet.

The 1,880 c. f. a. shown in Tabl e 6, Attachm ent 2, of the Summary
Report is the same stream flow deman d (Q0) as used by the Public
Health Service. This figure was then compared by the District to the
mass curve or daily flows (Qj ) for the Eureka gage to determine the
amomat i~ storage required to meet the 2070 demands over the critical
periods o~ rec.’d. As indicated in Table 7, Attachment 2, of the

___ 
4
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* Summary Report , storage requirement for water qual ity only as esti
mated at 393 , 725 acre-feet to meet the 2070 needs in the lower basin
area. The principal difference between the two storage values lies in
the fact that the Public Health Service value f o r  Q~ is based o n a  constant
theoretical median monthly flow during a climatic year , whereas the Corps
used actual flows over the actual pçriods of record. Wh en adjusted to
rillect concurrent demands £ó~~both water supply and water quality con-
trol and based on the first-added, last-added method of apportionment,
703 , 621 acre-feet of storage would be required for water quality in
Reach M-7 . as shown in Table 7 of Attachment 2. The Public Health

- -Service, in using the Rainwater method , analyzed the needs for wate r 
—

supply and water quality control individually over the same theoretical
base flow, without consideration of concurrent demands. It should be
noted that rio demand values are shown in the Public Health Service
report; only the supplemental release ( 

~~ ) 
is given. Values used by the

- Corp s were obtained from the reg ional office of the Public Health 
- 

- -

Service. The Public Health Service is in complete ~greement that its
values of draft-on- storage , as shown in its report, do not reflect the

- mount of storage required to meet current demands for both water -

‘. upply and quality control. It ~i also in full agreemeni ihat final deter-
mination of the amount of storage to be reconunended is the responsi- - -

bility of the Corpa.

b. Referenc e para graph 3 - stora je allocated to evapora-
tion. Tabl e 7, Attachment 5, of th i Summary Report shows allocation s
of storage to the various purposes. Evaporation req uire ment s~ as
listed , apply only to downstream low-flow augmenta tion. Evaporati on

- requirements for recreation are not listed separately but are included
in the total storage for that purpose. Generally speaking, as low-flow
augmentation increases on a time phase basis, evaporation r equire-
menta increase in relation to demand and time. An exception is the
evaporation requirements for the year 2045 , which are slightly less
than tb. requirem ent s for the year 2020 in tho se reservoirs augmenting
Reach M-7 flows. While the demands for the year 2045 are greater
and the critical period Lunger than for th. year 2020 demands, the net
elect of evaporation and rainf all is less than for 2020. The reason for
thi. differ ence U.. in the fact that the cr itical period for the year 2045

- 
-
~ 

- demands includes more early spring and late fall and winter months
~~~~~~ ~~
. 2020 demands resulting in lesser evaporation r.quirements.



-

c. Reference paragrap h 4 - defer r ing  construction of
Union, Pine Ford. Irondale, and 1-38 Reservoirs. A reanalysis was
made aisuming Meramec Park Reservoi r constructed initially, with
the remaining fou r reservoirs  deferred until the year 2020. Meramec
Park would be capable of serving adequately the water quality needs in
Reach M-7 to the year 2045 , and water supply needs until sometime
thereafter. Average annual benefits for Meramec Park Reservoir are
estimated at $4, 333, 400 , and ave rage annual economic charges at
$2 , 074. 200, with a benefit-cost ratio of 2 to J,. Benefits applicable to
the remaining reservoirs. Union, Pine Ford, Irondale, and 1-38, were
reevaluated assuming const ruction and operation as of the year 2020.
Benefits applicable to increments of water supply sto rage were based
on a single-purpose reservoir other than Meramec Park as the least
costly alternative and discounted to the base year, 2020. Water quality
needs in the upper basin area were also revised to reflect change in
initial needs and discounting factors. The bene fit-cost ratios for the
five reservøir s , based on the above analysis , are compared with the 

-

benefit-cost ratios contained in the Summary Report. as shown in the
following tabulation:

Reservoi r Summary Rçport Reevaluation

Merarnec Park 1. 9 2. 1
Pixie Ford 1. 4 1. 4
Irondale 1. 4 1. 5
Union 1. 4 12
1—38 1.3 - 1.3

While Meramec Park, acting alone, can fulfill the needs in the lower
basin area for water quality to the year 2045 and water supply for some-
time thereaf ter , the reservoir would not provide needed flood reductions
and water quality control in the upper basin area and only partial flood
reductions in the lower basin area , and only a portion of the urgent
dema nd for wa.terb orne recreation would be satisfied. Deferri ng con- -

- :.

struction of Union, Pane Ford, Irondale, and 1-38 Reservo irs would
result in benefits foregone amounting to approxim ately $4, 500, 000
annually, of which $3 , 200 , 000 would be in the lower basin area and
$1, 300,000 in the upper basin area. Details of this reanalysis are cons
tain•d in inclosure 1.

3
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d. - Reference paragraph 5 - benefit s based on least costly
alternative. The costs of the most economical alternative means which
would most likely be constructed in the absence of the proposed proj-
ects were used as a measur e of benef its for water supply and water
quality control. The value of benefi ts for water supply and water quality -

.

control was based on the cost of single-purpose reservoirs having suf-
ficient storage capacity to meet the desired flow requirements for the
purposes served. Meramec Park Reservoir site was used for the loca-
tion of the single-purpose reservoir S since its unit cost per acre-foot of
storage was found to be the least of all sites studied. Based on demand s, 

-
- 

construction increme nt s of 25 years were used. These costs were then

~onverted to an equivalent uniform annual value over a 100-year period
f a nalysis and discounted to reflect the time differential s between the

~me of need and the base year. Specific cost data on these alterna tive s
used in deriving benefit values are shown in inclosure 2.

e. Reference paragraph 6 -_water supply and water quality
control for local are as and Reach M-7. Information sl~~wing the break-

( down by local area s (upper basin) and Reac h M-7 (lower basin ) for items
of annual cost and annua l benefits for water supply and water quality is

- contained in inclosure 3 for the reservoirs recomm ended. Only in -

Union Reservoir are there dual benef its that pertain to low-flow augmen-
tation for water quality control. Releases for the lower basin also sat-
isfy water quality requ irements in local Reach B-4. located immedi-
ately downstream from the reservoir. Benefits applicable to the local - - -

• reach are considered inciden tal. Meramec Par k and Pine Ford Reser-
voirs both contai n water quality for low-flow augment ation In the lower

j basin only. Reservoirs in the upper basin , Ironda le and 1-38 , provide
low..flow augmentation in the inte rest of water quality for the upper are a
only , and are not used for water quality augmenta tion in Reach M-7 .
Since water supply is required for only the lower basin, all costs and - 

-

benefits applicable thereto in project formulation pertain only to the
- lower basin, Reach M .?. -

— f. Referenc e para grap~~7 - allocated costs per acre- foot
The primary reasons for tb. wide range in allocated costs

p.r acre-foot of storag e were previously discussed in the inclosure to
- 

- second indorsement, LMSZD-B, 13 August 1965. to letter , ENGBR , - - 
- 

- 
-

hoard of Engineers for Rivers and Ha rbors , 2? July 1965, subject: ;
- - ~ - -

4/
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Meraznec River , Missouri , Summary Report. Essentially the differences
in costs are due to the values based on the least costly alternatives from
which the benefits are derived and discounting of values from the time
that the needs are met. Particular reference is made to the valu e of
$1. 57 per acre-foot of wate r supply storage in Irondale Reservoir. Rec-
re ation car ries the ent ire cost of thi s storage to sometime after the year
2045, when it is converted to use for water supply. The cost of this
storage becomes approximately $72 an acre-foot when viewed in light of
its dual purpose. Contract for the use of this storag e for water supply
would be based on a cost anal ysi s at the time such storage is first used

- for that purpose. The amount of local participation for this reservoir is
equivalent to approximately 23 percent of the total project cost as corn-
pared to approximately 21 percent for Pine Ford and Union Reservoirs
and 28 percent for Meramec Park Reservoir.

g. Reference paragraph 8 - stage construction. Considera-
tion has been given to stage construction of reservoirs, with pa rticular
referenc e to the water quality and wate r suppl y storage requ irements.

( -
\ 

In thi s determination , the initial stage was formulated to provide the

maximum degree of flood control war r anted 4 water quality to meet the
needs to the year 2020 in the upper and lower basin areas; water supply
to meet the need s in the lower basin to the year 2020; and recreation
based on normal pooi levels attainable throug h stora ge provi ded for water-
supply and water quality control. In the initial stage construction , con-
sideration was given to appropriate design which would permit subse-
quent enlargement . with minimum modifications, to meet additional
capacity requirements for the second 50-year period, and acquisition

3 initially of all lands which would be needed to meet the ultimate proje ct
-~ 

- 
requirements. Second stage constructi on would requ i re more costly
relocations than if undertaken initially ; extensive modification for spill-
way and appurtenant works; additional land acquisition to provide bor -
row area for embankment, since It is contemplated that embankment
materials would be obtained from the reservoir area; and aba ndonment
or removal of much of the recreational facilities constructed for the
initial phase. While stage construction would result in redu ced annual
charges when discounted for the final 50 years , the total cost of the
project would be substantially lncreas.d~ and the benefits foregone. pri-
ma rily for recreation, would more than offset these savings. Projects
as £01 U1$*Cd in the Spmmary Repo rt are less costly when constructed

5
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initially than when undertaken under stage construct ion. Furthermo re .
storage requirements to meet the second 50-year needs were found

- 

incrementally justified.

3 1nc1
1. Pertinent data -

deferred construction
- 2.Co.t data - -

major alternatives
3. Pertinent data - 

-

water supply It water
quality control - 

-

_ _________________



-a

‘77 
_
~

_
~

_ _

C, 
-

Economic Ana lysis Based on Deferred
Reservoir Cons tr uction

A. )jersluec Par k Reservoir a lone (1970 construction)

Benefits

I. Flood control $ 827 600

2. Water quality O(-7 only) 618,500

-3. Water supply (11-7 only)

Base (thru 2045) 661,200

Increment (2045-2070) - 7,300

Total water supp ly benefits 668,500

4. Total recreation including fish & wildlife 2,197,100

- 5. Navigation 21,700

( - 

- 

Total gross benefits 4,333,400

Average annua l economic charge $2 ,074 ,200

Benefit—cost ratio 2.1 to 1

- ~ -~ -~
-: - - j - .~:— ~

-:- -
~. 
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- 
Economic Ana lysis Based on Deferred

Reservoir Cons truction

B. Deferred cons truction of Pine Ford , Irondale , Union
and Bourbause River Reservoirs (2020 construction)

1—38 - 
-

- #2A #9 #29 Bourbeuse
ZL~L!2rd Irondale Uni~n River

Benefits - -

1. Flood control $ 577 ,700 $ 63,400 $ 472 ,700 $ 86 ,600 
- 

-

2. Water quality

Local - 307 ,900 22 ,100 180,900

11—7 - - - - —

3. Water supp ly (11-7 only) 60,900 92,500 135,000 -

4. Total recreation 1,105,300 448,500 1,008,200 216,400

~~~)5.NavigatLon 
- - 100 -

Total gross benefits 1,743,900 912,300 1,638,100 483,900

Average annual economic - charge $1,283,800 $627 ,500 $1,311,600 $365 ,900 
-

Benefit—cost ra tio 1.4 1.5 1.2 1.3

- - ~ -

(~)

~1 
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