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FOREWORD

Water Supply Bulletin Number 14 offers an important contribution to the poten-
tial development of water supplies in nine southwestern lowa counties. Except
for the floodplain along the Missouri River, many municipalities and private
landforms in these counties have Tlong experienced difficulties in locating,
developing, and maintaining adequate, high quality water sources. For munici-
palities, increasing per capita consumption and other competing demands have
imposed pumping stress on many shallow wells completed within sand and gravel
deposits associated with the larger rivers of the region. Instances of ni-
trate contamination in excess of drinking-water quality standards aggravate
the problem. For private landowners, upland wells completed within areally
restricted sands and gravels are subject to lowered yields during dry periods.
Additionally, they often possess high concentrations of iron or other
dissolved minerals that affect water quality.

Other reports have considered impoundments as sources for water supplies, in-
cluding sites within southwestern Iowa. However, they did not include, as
does this report, design criteria based upon impoundment life, sediment yield
to the impoundment, and the amount of water withdrawal to be sustained. Hope-
fully, this publication will stimulate a closer l1ook at impoundments for serv-
ing the long-term needs for reliable water supplies in southwestern Iowa.

Donald L. Koch
State Geologist and Director
JTowa Geological Survey
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INTRODUCTION

The nine counties that are the subject of this report (Pottawattamie,
Cass, Adair, Mills,.Montgomgry, Adams, Fremont, Page, and Taylor) are among a
group of southern and western Iowa counties that have experienced chronic,
sometimes acute, water supply problems. In most of the region, adequate sup-
plies of good quality groundwater are not available, except for those counties
that border the Missouri River (Pottawattamie, Mills, and Fremont). And, even
in these counties, the available resource is confined to the narrow corridgr
of the Missouri River floodplain. Away from this corridor, dependable ground-
water supplies can often be drawn from alluvial materials associated with the
larger rivers and streams. Alluvial aquifers, however, are prone to pumping.
stress as new demands are placed on them, and, in several instances, are
yielding water of increasing inferior quality.

Faced with the problems of a deficient groundwater supply, geA;rally poor
groundwater quality, and a trend toward degradation of the better supplies
available, the residents of the region must begin to look at other alterna-
tives for meeting their future water demands. In addition to conserving and
protecting those resources that are currently available, there are three pri-
mary alternatives which may be worthy of evaluation: the desalinization of
poor-quality groundwater (Laverentz, 1974); importation of water from the
Missouri River groundwater system; and/or the development of surfaqewater
sources, Possibly the simplest and most economically favorable alternative is
the latter. This report addresses the potentfaI for development of surface-
water impoundments.

In considering whether or not the storage of surfacewater is feasible to

meet water supply demands, there are many questions that must be answered.



First, are there stream valleys available where water can be impounded in
areas of water demand? Second, is there sufficient streamflow during dry,
Tow-flow periods to provide water to sustain specific water demands? Third,
how large must the Stream basin be to provide a particular sustained demand?
Fourth, how large must an impoundment be to sufficiently store both water and
sediment for a realistic design period? And, fifth, are the engineering _
properties of soils at a specific site amenable to the construction of a dam
and reservoir? Reconnaissance-level information can be used to rapidly deter-
mine preliminary site feasibility, but is by no means adequate for final
design and construction. The final design plan for any impoundment requires a

thorough and detailed site evaluation.
SCOPE OF STUDY

The objectives of this study are to evaluate the characteristics of small
watersheds in nine southwestern Iowa counties (Fremont, Page, Taylor, Mills,
Montgomery, Adams, Pottawattamie, Cass, and Adair) and to determine which
offer potential impoundment sites for public water supply.

To assess the preliminary feasibility of an impoundment site, several
fundamental watershed and site criteria are considered, they include:

1. The availability of stream valleys that can be dammed to impound
water in adequate volumes to meet water-supply design specifications.

N
.

Definition of contributing watersheds that have sufficient yield to
provide the necessary water to meet design withdrawal rates and
anticipated losses.

3. Site locations that correspond favorably with the geographic centers
of water demand and do not present problems related to existing
structural or cultural features.

4. General soil and geologic characteristics that are compatible with
the construction and operation of a water storage/supply reservoir.
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The sites indexed in this report have been evaluated on the basis of
these criteria. In addition, to bring the study more into perspective with
the scale of economics and the anticipated water demands of the study region,
some preliminary assumptions were made. They are as follows:

- No site would be considered wherein a dam exceeding one-half mile in
length would be required.

- No site was considered where the maximum depth of water behind the dam
would be less than 20 feet.

- No site was considered where the required dam would be less than 30
feet or exceed 90 feet in height.

- For the purpose of water supply, water requirements were based on an
average daily per capita demand of 100 gallons.

- Annual demands were calculated on the basis of 100 gallons per capita
per day for 365 days per year.
PROCEDURE AND METHODOLOGY

In each of the nine counties studied, several steps were followed to lo-
cate and determine the feasibility of potential impoundment sites. The proce-

dures and assumptions used are outlined in the following sections.
Determination of Water Demand

Design criteria for a water supply reservoir can be quite variable.
Thus, for this study, arbitrary limits were placed on the impoundment size.
Basically, two categories of water supply were considered, small municipal.
systems and cpunty-wide rural water distribution systems. Respectively, pop-
ulations of 5,000 and 12,000 were set as reasonable numbers for the present
study's purpose. Potential reservoirs were screened in terms of their ade-
quacy to sustain water supplies at these population levels. The daily per

capita demand, as given earlier, was set at 100 gallons per day per capita.



At fhis value, the required sustained withdrawal rate for a community. of 5,000
people is 500,000 gallons per déy (gpd) or nearly one cubic foot per second
(cfs), and a county-wide distribution system for 12,000 people requires
1,200,000 gpd or approximately 2 cfs.

Considerations of Drainage Area

One of the most importart factors in reservoir siting is determining
whether its contributing watershed is adequate to provide enough water to meet
the design demand plus compensate for losses from various causes. Because
most smaller impoundments, such as considered in this investigation, are
Tocated on ungaged streams, adequate records are not usually available to make
yield determinations direcfly. Therefore, regional mathematical methods have
been developed to derive watershed yield from available runoff and rainfall |
data. Such a method, developed by the U.S. Geological Survey (Heinitz, 1970),
and modified by the Iowa Department of Environmental Quality (1980), was used
to estimate watershed yield for each of the nine counties studied. Basically,
a minimum watershed area was determined for éach'county which could supply 100
(gpd per capita) for populations of 5,000 and 12,000, Details of the method
are discussed in Appendix A. Based on these analyses, it was concluded that
watersheds greater than 25 square miles in area were much larger than required
to meet the design demands of the study. Consequently, sites with drainage

areas exceeding 25 square miles were excluded,
Preliminary Site Selection

The next step was to locate points along the various rivers and streams
of the study region where drainage areas were adequate with respect to the

preliminary established yield requirements. In the process, points along
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streams with sufficient drainage area were located on a drainage area base
map. The base map was derived from tables and maps presented in Larimer

(1957).
Site Evaluation

Sites located during the preliminary site selection process were trans-
ferred to seven and one-half or fifteen minute series U.S. Geological Survey
topographic quadrangle maps. In this step, the potential for locating an
impoundment was visually examined relative to the criteria established for dam
length, dam height, and minimum impoundment depth. If the site met these
criteria, a line was drawn to represent the location of a dam, and the contour
representing the maximum level of impoundment was outlined. The outlined
area, maximum impoundment surface area, was planimetered and the total surface

area calculated. The total storage volume for each site was calculated by

-multiplying the maximum impoundment depth (in feet) by the surface area (in

acres), and dividing by three. The method used in this calculation is given
in Appendix B. To this point, no consideration was given to design storage

requirements for sustained withdrawal or for the storage of sediment.
Required Sforage Capacities

Three important factors determine the total storage requirement of a
water impoundment; the impoundment's projected design life, sediment yield to
the impoundment, and the amount of water withdrawal (and losses) that must be
sustained. To reasonably estimate these parameters, regional equations were
derived to determine thé relationship between sustained water supply (draft)
and water storage, and sediment loss and sediment storage. The methods for

deriving these relations are discussed in Appendices C and D.



In addition to these criteria, two other factors (related to variability
in watershed yield) were considered. During drier periods, a watershed may
not yield the water necessary to sustain a required withdrawal. To compensate
for this, an impoundment must be designed to store enough water to meet such
contingencies. This is defined as carry-over storage. Alternatively, a
reservoir can be designed to meet a specific, sustained level of withdrawal
corresponding to a watershed's lowest annual yield. This is defined as
within-year storage. In either case the frequency and magnitude of low-
watershed yield events must be characterized.

In this investigation calculations for draft-rate/storage were based on
the concept of within-year storage. For this purpose, regional draft-rate/
storage equations were derived through an analysis of the relationship between
watershed areas and observed low streamflows that have recurred statistically,
once in ten and once in twenty years. Using this method, required water stor-
age volumes and sustainable withdrawal rates are based on projected minimum
annual watershed yields.

The total design storage capacity of an impoundment includes; storage
required to meet the design water draft-rate, and the storage needed for the
sediment the watershed contributes to the reservoir. To calculate sediment
storage volumes, an areal relation for sediment loss was derived for the study
region, (the method is discussed in Appendix D). Sediment storage volumes
were calculated for reservoir design-1ife periods of 20 and 50 years,

‘After the draft and sediment storage volume requirements were determined
several preliminary sites were eliminated on the basis of inadequate storage
capacity. Many preliminary sites in both design.popu1ation categories were
found to be much larger than required. Therefore, for comparative purposes,

and to bring the net storage requirements more into scale with the selected
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population design demand, additional calculations were made. This involved
determining the actual storage requirements for the two selected demand levels

and the two design periods chosen at each selected site. This procedure is

discussed in Appendix E.
Existing Structural and Cultural Features

In the final step, each site was evaluated for existiﬁg structura1 and
cultural features that would probably obviate the construction of a storage
reservoir at selected sites. No on-site investigations were conducted; re-
liance was placed on details given on the topographic quadrangle maps used for
the study. Particular attention was patd to areas in which an impoundment
would encroach upon community developments; cemeteries, parks,'railroads, pri-
mary highways, and related features. Additionally, impoundment sites crossed

by power transmission lines and petroleum and gas pipelines were excluded.
RESULTS

In the pages that follow, information is presented on 164 potential
reservoir sites for the nine counties in the study region. For each county
there is a reservoir site location map and a table which summarizes, for each
site, the general and design storage characteristics, and sustainable draft
rates for specified population categories. Most of the available sites
selected had capacities two to five times greater than the calculated required
storage and thus they were scaled down to impoundment dimensions relative to
the calculated required capacity (methodology examined n Appendix E). The
tables are accompanied by a set of maps which give the location, topographic,
and cultural details for each site. The site numbers in the tables correspond

to the site numbers on the maps, The topographic maps on which sites are



identified have been reduced in size from the original. Seven and one-half

minute maps have been reduced by 73 percent and 15 minute maps have been re-

duced by 50 percent.

=

i—

\ e r—

b

i

§ P

)

I

]

S

e

}

‘E:T]

—1

-

J

f



weL 2

Thompaon

Index map for impoundment sites in Adair County.

10



E:Eif;:[:rﬁrr_"f_“Fﬂ'l‘mL:“,L:E:C,‘ZCIL':L.ﬁL_.L_VLW

ADAIR COUNTY
, UATERSHED XON-SCALED
. SITE LOCATION IREA 1PUNDMENTS SCALED ORAFT RATE/STORASE QREQUIRENEMTS
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CASS COouMTY
WATERSHED MON-SCALED

sire LOCATION MREA IRPOUNDNENTS . SCALED ORAFT RATE/STORAGE REQUIREMENTS

foxion  Surface Total Pepulation  Withdrawal Low-Flow Recurrence  Water Supply Yolume  Sedicent Starage Recalculated Evaporation Storage Tatal Scalea
Depth Ares Yolc=e Served Rate Interval Assuned Requireaent® Requirement® Surface Aread Requireaente Required Storage®

Sec. Twp(N) Rag(¥) (oiles?) (feet) {acres)  {acre-feet) {1000°s) (feet 3/sec) (years) ) {scre-feet) {acre-feet) {acres) {acre-feet) (acre-feet)
1 9 % 37 10.80 0 49 92359 5 1 1n 325 325 7 8 3 53 ” 679 1183
. 20 882 382 7 8 61 85 n - 1250 1764
2 [ % 15 3.67 60 509 10172 s 1 10 53 383 280 699 32 8 16 26 643 Inlg
20 9as 985 280 699 63 8 32 @ 1286 1728
) n 5 k) 9.9 0 845 1220 $ I 10 342 342 03 158 43 a2 % 4l 669 1141
] 942 92 303 158 93 128 47 64 1292 1164
4 28 % n 1,00 60 692 13848 s 1 10 7y 233 $82 3 «8 15 625 93
20 1075 1078 233 s82 65 a3 3N a 1300 140
5 3 16 E 6.78 40 196 10608 5 1 10 - 331 381 228 566 46 n 22 3 630 992
20 1037 1087 226 566 9 1 9 62 1383 1715
L3 29, 32 " 37 $.97 4 267 4001 5 1 10 g 38 232 580 4] 64 2 22 630 390
2 1076 1076 232 S&0 87 10 “"u s 1352 1
7 29, 2 1% k1 10.70 45 315 4928 $ 1 10 22 ki 335 8y “ 18 2 3 63} 12
. 0 88? 837 335 8% 81 1S LI 14 1262 11
a 4,33 74,18 37 7.10 45 328 4919 S 1 10 376 né 236 S8y [ 87 2 u 632 97
20 1069 1069 236 S69 87 1 “ 85 148 17113
9 6 75 kL) 1.80 60 852 17036 5 i 10 366 356 25 618 31 $0 6 25 636 1029
o) 20 1031 1031 255 633 64 8 2 1318 1M1
Ll n . 76 36 12,30 0 949 18388 $ 1 0 07 307 3717 543 U 63 1”7 01 1281
20 816 816 an 3 50 g8 30 « 1223 1802
1 15, 16 % 35 1.61 60 09 n S 1 10 368 368 250 625 k1% 50 16 634 l01a
20 10481 1081 ;0 62 6 a3 32 42 1323 1707
1 13, 18 % 35, 38 11.10 60 103 14051 H 1 10 322 us 853 3% 7 » 684 1214
. 20 868 es8 Mus 38 (3] 87 0 4 1248 1118
13 2 5 35 6.89 0 433 9958 H 1 10 373 38 230 518 3 a8 15 2 623 916
20 1081 1081 230 Sn 66 a3 n 4 1343 1535
1t r n 3 8.67 60 619 12320 [1 1 10 35) 53 280 699 32 53 16 2 649 1919
20 985 935 280 699 63 Bt 2 e 1286 1126
5 n, 3 " 3 1.3 60 700 13558 H 1 10 N9 39 s an n 6 1 3 686 1228
20 859 859 m an 61 87 0 43 1260 1719
M) 16, 17 t 35 8.45 60 -15%0 15805 -3 ] 10 is? 352 27) 634 32 2 18 2 646 1164
20 97 9 273 6ak 64 8 LF I 4 132 v
v %, % » n 17.20 20 1083 1R  H 2 10 811 81l $02 1256 99 15§ 9 7 1363 2145
R 0 1y 1 502 1256 122 118 81 M 1580 913
i3 pH % 34 19,00 L] an 11697 12 2 10 73 18 547 1148 99 181 % X 131§ 22
° 20 1958 1058 S47 1368 120 132 6 9N 1656 2917
5 u 16 s 15,97 60 1142 22332 12 2 10 839 839 42 un 66 101 1N 1313 2542
20 1159 11589 a2 un 82 11 a N8 1671 2336

* Column 1 23 year design, Coluw 2 52 year sesign perfods.
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" - 6 63 2 2.29 65 204 a“1s s 1 10 453 453 89 2 25 31 13 16 555 692
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o] 10ar 1087 5§25 112 83 1M a’ s 1656 2465
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20 1000 1000 598 1888 a7 135 “u e 1636 2851
18 7,18 67 40 1810 11 193 11394 12 ) 2 10 836 815 415 U8z S 18 " 67 1% 2%
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HILLS OOUNTY
MATERSHED RON.SCALED
SITE LOCATION AREA IMPOUNDYENTS SCALED DRAFT RATE/STORASE REQUIREMENTS
Mazimen  Surface Tota) Population MWithdrawal Lou-Flow Recurrence  Water Supply Yoluse Sedicent Storage Recalculated Evaporation Storage Total Scaled
. Depth Area Volume rved ate Interval Assumed Requirement® Requirepent® Surface Arest® Requirenent® Required Storage*

Sec. Twp[N)  Ragfd)  (ailesd) (feet) {acres)  (atre-feet) (1000*s} {Teet ¥/5ec) {years) {acre-feet) (acre-Teet) {acres) (acre-teet) [acre-Teet)
1 30 3 a1 7.5% 45 190 2856 $ 1 19 369 59 248 621 4 66 21 1 633 1023
0 1044 1048 248 621 86 11 4 56 1336 1721
2 18, 19 n L1} 1t.20 55 N 19 5 H 10 320 0 348 an 6 65 18 33 636 122
20 B&t 854 348 a7 66 95 33 4 1245 a1
[y 3 3 n L1} 349 . 85 267 4900 [ 1 ) 86 3% 275 685 n o9 I ] 548 101
8 0 95 995 275 685 & 9 s 2 133 172
3 5 n 42 1.3 45 a2 Fx2 0 $ 1 10 85 36S 256 640 s 1 638 10313
. 20 1029 1029 2% &40 w8l B 46 1320 118
5 18 n 42 12,60 &5 438 98 5 1 10 281 281 431 1092 33 63 | S 7 s
. 20 hiL] 124 437 1092 54 84 7 4 1187 1857
6 2 R @ r.2? 45 Feid 13 s 1 10 M N 240 601 41 65 a 3 63t 1007
) 20 1060 1060 20 608 a7 1l 43 55 143 116
7 9 2 43 15.9¢ 55 142 609 12 2 10 840 840 420 UM 72 110 © % SS 146 270
20 1163 181 90 uUn 8 127 45 68 1675 2395
3 3 13 a1 18.80 55 986 17534 12 2 10 m 17 542 1355 12 1 % S8 1355 2191
. 20 1085 1055 542 1385 8 132 “ 6 1651 248§

* Column 1 20 year desiga, Column 2 50 year destgn periods.
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MONTGOMERY COUNTY

MATERSHED KON-SCALED .
SITE LOCATION - AMEA 1POUXDMENTS SCALED DRAFT RATE/STORAGE REQUIREMENTS
! Maximss  Suefece Total Population  Mithdrawal Low-Flow Recurrence Water Supply Volume Sediment Sterage  Recslculated  Evaporaticn Storage Total Scatles
. Oepth Area Yalume Served Qate Interval Assvaed Requirecent® Requiresent* Surface Areas Requirecent® Reguired Storage*
' Sec.  Twp(M) Reg(W) (miles?)  {feet}  {acres) - (acre-feet)  {1000°s)  {feet?/sec) {years) {acre-teet) {acre-feet) {acres) {acre-feet) {acre-Teet)
] 8 n k] 8.26 &5 403 3724 s 1. 10 389 359 268 610 2 48 15 642 1053
4 . 20 1006 1006 %8 670 9 n 3 1338 116
2 %, 27 12 b H 4. 157 133 H ] ) 10 56 356 68 689 s 17 2 641 1653
842 » s 20 958 938 268 669 b 91 L 11 1301 1713
' 3 21, 22 r ? . s 708 10518 H 1 10 126 226 335 8y “w s 2 ¥ 68) 1587
* ? 3 1070 20 887 83y 335 8y a ns a1 57 1261 18t
. . 4 5, 3 73, 74 38 9,03 55 400 7336 s H 10 My 3 289 14 B 9 17 29 855 1101
i PR 20 %67 387 89 6 32 n s 129 1Y
: $ .32 712, 7 . L1 416 7632 H H M I} 353 358 20 615 3 55 17 3 645  105]
) ' Bow 8.2 - 1603 1003 210 615 69 92 KL T 103 1
= i 6 » n E1) 6.5 5 20 ss 5. 1 10 5 388 29 su o e a N 623 982
; ! -5 ! 20 1102 1102 219 &7 '88 110 4 55 1365 1304
\
7 1 12 36 6.60 60 70 9399 H 1 10 B3 383 221 553 0 & 15 b4 620 950
t 20 1037 1097 221 583 66 83 3 A 1351 1492
: 8 U] 12 6 11.00 60 478 . 9557 $ t 10 323 32 N3 857 N .8 17 0 632 1209
! 2 823 n i as? 61 87 k] L] 246 1N
' 3 35 n EH 6.97 L3 687 10303 S 1 10 318 s 22 s80 41 &4 o 32 530 989
; N 20 1076 1076 237 30 87 110 &8ss 1352 um
! 10 as n » 2.4 35 818 9539 12 2 10 ’ 44 148 81 1454 1 183 57 9 1383 2292
. n w015 WIS 81 1S4 137 e 212 108 1665 2573
! n ” 13 39 19.80 45 mn 11614 12 2 10 155 156 §67 1412 B3 12 145 12 1367 2286
i 20 1033 1033 $67 1817 107 163 53 82 1653 2532
: 12 n n 38 12.20 45 327 4909 12 B 10 811 81} 802 1256 2 133 49 69 1358 2136
E) m? g 02 1256 108 158 [ S ] 1673 2482
: 13 n 72 k1 16,20 S 687 12587 .12 H 10 Al BM 7 un 2 1 B SS 1347 082
' 2 - nst 1% a1 19 83 123 4% 54 1673 208

* Colusa | 20 year design, Colusn 2 50 yeae design periods.
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SITE NO.: 3 COUNTY: Montgomery
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PAGE COUNTY
VATERSHED KON-SCALED
SITE  LGCATION AREA 1KPOUNDMENTS SCALED DRAFT RATE/STORASE REGUIREMENTS
Mazimys  Surface Total Pepulaticon  Withdrawal Low-Flow Recurrence Water Supply Volu=e Sediment Storsge Recalculated  Cveporation Storage Tots) Scaled
Oepth Area Yoluae Se! Rate faterval Assumed Requireeent® Requiresent® Surface Area® Require=eat® Required Storage®
Sec.  Twp(W) Rag(w) /miles?)  (feet)  (acres) (acre-feet)  (1000°s)  (feet¥/sec) (years) (acre-feet) {acre-teet) (acres) (scre-feet) (scre-Teet)
1 2.3 69 19 6.52 48 167 - 2497 B 1 10 388 388 219 %48 w 6 2 N 628 96)
20 1102 1102 219 S8 83 110 " s 1345 1104
2 $, 32 M, 1 33 .25 45 286 291 5 1 10 s 34 240 £00 11 8% a3 634 1008
20 1061 1081 0 600 87 a3 55 1388 1714
3 k1 1 39 6,39 55 H U 3918 ) 1 1" 336 388 A5 51 N %0 16 25 618 950
20 1109 1109 215 $33 n %0 5 s 1361 1692
[} 20, 2t 69 kY 5.82 31 515 9449 s 1 10 395 395 19 49 2 16 25 611 918
2 1143 1143 199 L n 89 36 4s 1313 1484
1) 1 1] » 11.80 45 w 5060 s 1 10 N 3 64 910 s 8 22 & 699 1261
20 87 3w 368 910 @ w0 53 1241 1°0%
-6 2 10 k14 5.66 131 328 6013 [ 1 10 93 33 198 438 32 48 6 608 907
20 182 182 194 435 n 90 kI £ 138} 1632
7 25, 36 63 k14 5.48 45 160 3% s ] 10 400 400 189 a2 39 58 2 609 1
20 1163 1183 189 472 9 109 - 45 5 1397 1699
3 29 63 37 6.7 55 484 €819 s 1 10 8 381 225 563 N 52 J LA - 60 970
20 1089 1039 225 563 1”2 x 36 4 1350 1698
9 21, 8 63 31 8.48 45 k13 8835 S 1 10 356 186 274 486 2 33 1 » 642 1081
2 95 995 M 886 48 51 k2 12e2 1M
19 2,13 67 38 1.29 45 325 4312 L 1 10 n3 3 4 602 41 65 21 N 634 1003
2 1059 1059 4] 602 87 I 4 55 143 116
n 14 53 39 6.31 55 430 1816 H 1 10 388 k) 23 32 3 S0 1§ 617 94s
: 20 ms N 213 32 2 90 6 8 1353 149)
12 3 67 » 10.60 35 186 an S 1 10 3z 328 p3rd 830 47 9 2 % L I Y. 1
20 891 391 B2 83 105 148 2 n 1216 1198
13 U] 67 39 §.29 E) 508 9318 1 1 19 403 0 183 459 2 16 602  Aad
2 1nrs s 183 458 14 90 3 & 1395 1877
18 15, 16 67 1 12,90 55 674 12359 s 1 10 300 300 93 982 3 0 19 35 m By
2 %1 M 393 982 6 97 32 43 1216 1832)
15 ] n 3% 5.50 55 22 4442 ) 1 10 400 400 189 4 2 & 16 2 605 897
162 182 189 4 n 90 7 4 1338 1630
16 10, 15 70 % L.42 43 210 1604 s 1 10 ay oAy 157 39 ) v 593 816
20 1229 1209 157 ] 92 108 8 “u W32 1675
17 1.3 6,70 39 7.98 35 169 1975 5 1 10 353 383 60 651 83 @7 2 (1) 653 1057
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APPENDIX A

Watershed Yield vs. Drainage Area

For each of the counties in the study, watershed areas were compared with the
known areas required to sustain the yield of the two chosen population cate-
gories. The estimates were based on methods developed by the U.S. Geological
Survey (Heinitz, 1970) and the Iowa Department of Environmental Quality (IDEQ,
1980). The U.S. Geological Survey method allows the determination of water-
shed yield at ungaged stream sites by applying a regional regression relation.
The equation for the relation is:

Q = .0000007063 A1.013 ,3.88 (1)
where:
Q = average stream discharge in cubic feet
per second
A = drainage basin area in square miles
P = average annual precipitation in inches
and

all other numerical values are regression
coefficients.

The IDEQ method was derived to ascertain the minimum drainage area required to
meet specific water withdrawal (supply) demands. The method is expressed by

the following equation:
0,987
Ap =< D ) (2)
8146 C

= minimum drainage area required to sustain

where:

3>
o
[

an impoundment, in acres

o
it

annual withdrawal demand in gallons

(@]
i

estimated average annual basin discharge

in inches
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and
0.987 = the reciprocal of the regression
coefficient 1,013, from Eq. 1
8146 = a constant (27,152 gallons per acre-
inch multiplied by the D/Q ratio =
0.3), to convert Ay directly into
acres.,

Note

Subsequent to the calculations that were made in this study to estimate water-
shed yields using the relation of equation (1), new regional relations were
developed and have been published by U.S.G.S., Lara, 1979. The new method
established new regression equations for three separate lowa regions. The
relation for Region II which encompasses the counties studied in this report
is expressed by the following equation: '

Qa = 0.19 A 0.98 (p _ 25) 0.57 - (3)
where:
Qa = average annual discharge in cubic feet
per second
A = drainage basin area in square miles
P = average annual precipitation in inches
and

all other numerical values are regression

coefficients.

The method expressed by equation (3) is a refinement of that expressed by
equation (1) and gives slightly larger estimates of watershed yield. Result-
ing values of the two methods are given in Table 1. The data on the county
tables were not recalculated because of the small differences in the value of

Qa by the two methods, and because equation (1) provides a more conservative
estimate, '

Tables 2 and 3 give the data values used in equation 1 to estimate water yield
in the study area.
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Table 1. Comparative analysis of average discharge relations.

Area

(square miles)

10
15
20
25
50

Table 2. Listing of values for calculation of avera

sites.

County
Adair
Adams
Cass
F remont
Mills
Montgomery
Page
Pottawattamie

Taylor

* Waite, 1979

Q = .0000007063 Al1.01353.88

(cubic feet/second)

2.495
5.035
7.592
10.160
12,738
25.705

Normal Annual*
Precipitation
(inches)

31
32
31
32
32
32
33
31

33

** Jowa Natural Resources Council, 1978

Qa = 0.19A0.98(p_25)0.57

Annual Runoff C**
(inches)

5.5
5.5
5.0
5.0
4,75
5.0
5.5
4,5
5.75

202

(cubic feet/second)

2.789
5.501
8.185
10,851
13.503
26,635

ge discharge at ungaged

(8146 ¢)0.987
Computed

38,980
38,980
35,480
35,480
33,729
35,480
38,980
31,976
40,728

)

)
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Table 3. Drainage area requirements.,

County
Adair
Adams
Cass
Fremont
Mills
Montgomery
Page
Pottawattamie

Taylor

Required Drainage Area
Population 5,000

(acres)

3656
3656
4017
4017
4225
401%
3656

4457

3499

203

Required Nrainage Area
Population 12,000
(acres)

8676
8676
9531
9531
10026
9531
8676
10576

8303



APPENDIX B

Computation of Storage Volume

The average-end method is normally used in calcuTating impoundment storage
volumes. The method requires measuring the area enclosed by successive con-
tours, averaging them, then multiplying by the contour interval. The incre-
. mental volumes are then added to obtain the total reservoir storage volume.
Although the method is accurate, it is very time consuming.

In this study an alternative method developed by Dawes and Terstriep (1966)
was used to determine storage volumes. And, although the method sacrifices a
certain amount of accuracy, it is much faster. The method involves plani-
metering the area of the uppermost impoundment contour and multiplying this
area by one-third of the impoundment's maximum depth:

S =gA (4)
where:

S = total storage volume in acre-feet

D = maximum depth of impoundment in feet

A = surfdce area in acres.

Dawes and Terstriep (1966) indicated that this method would produce values of
storage volume that would be within 10 percent agreement with the average-end
method. Before selecting the method for application in this study, compara-
tive tests of the two methods were made for several sites in Taylor and Fre-
mont Counties. The comparative data is shown in Figure 1. The comparison
indicated an average difference of 8.8 percent between the values determined
by the two methods. This level of accuracy was determined to be adequate for
the study, particularly when the time factor was considered. The comparative
data is shown in Figure 1,
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Figure 1, Comparison of end area method and Dawes/Terstriep (S = %) storage

volume methods for sites in Taylor and Fremont Counties.
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APPENDIX C

Derivation of Relationship Between Within-Year Draft-Rate Storage and
Drainage Basin Area

The design of a water supply impoundment must consider the balance between the
water-yield characteristics of the contributing watershed and the nature of
the withdrawal demand. In particular, enough water must he stored to compen-
sate for seasonal inflow variability, and more critically, to compensate for
very low-flow periods resulting from local or regional drought. For smaller
impoundments, where little or no carryover storage is anticipated, the normal
practice is to allow for enough storage to meet the withdrawal demand of any
given year. Thus, the key in determining the design storage capacity is pre-
dicting the contributing watersheds water-yield during periods of low flow.

In most cases, the design storage capacity is based on critical low flows that
can be expected to occur once in ten or once in twenty years.

The frequency and duration of minimum streamflows are determined either by
direct observation (measurement of streamflow over a period of years) or some
reliable method of extrapolating observed data to ungaged stream locations.

In either case about 30 years of data is desirable. Good information on
stream low flows is available for many Iowa streams, and for several years has
been published by the U.S. Geological Survey and the Iowa Natural Resources
Council.

To characterize low-flow conditions in the study area, low-flow data for
several gage sites in the region were used to construct a series of frequency
mass curves. For each gage site, two frequency mass curves were developed,
one for low flows occurring once in ten years, and one for low-flows occurring
once in twenty years. The method used is described in Riggs and Hardison
(1973). On each frequency-mass curve, lines were drawn representing the cum-
ulative demand of the two selected draft rates used in the study--respec-
tively 1 and 2 cubic feet per second (see Figure 2). According to the method,
the maximum vertical separation between the draft rate 1ine and the frequency
curve is the required storage in cubic feet second days.

For each of the available sites, data taken from the frequency-mass curves and
the draft-storage plots were graphed against drainage basin areas--draft-rate
storage vs. drainage basin area above the gage site. These plots are shown in
Figures 3 and 4. These data were regressed to derive regional relations
between draft storage requirements and drainage-basin areas. The regression
relation has the form of the following equation:
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Figure 2. Frequency-mass curve for U.S.6.S. gaging station 6-8090.

S = aebA
where:

S =

e =

A =
and

(5)

"storage in cubic foot second days
the logarithm to the base 2.7183

drainage basin area in square miles

a and b are regression coefficients.

The method yielded the following four equations which were used in the study

to estimate draft rate storage volumes.,
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Draft Rate (cfs)

1.0

1.0

2.0

2.0

Low-flow Recdrrence
Interval Assumed
(years)

10
20
10

20

208

Equation

250
o.039A

781
. 0527

652

945
o+030A

M

huw

J

,._.__

2

Ll

170

-

§
.

-

)

.|

S

-

N

3

-

!...___
[p—

1T



i

I

=

—

— C

Storage in CFS Days

1000 -
: Recurrence Interval 1O Years
500 — — 1000
n ™ — 500
— ° -
100
- &
— Qf 'Ole
— ~o 2oy,
— > — 100
50 A \\\\ =
1 A ~A -
— A S < -
~~ — 50
— 0 S -
'0’9 /c’\\ o
S, ~ ~ p—
~
~
10 =
- ~ ~
-1 ~
- ~
5 — [¢]
- 5
@ Gaging site, storage vs. draft rote (2¢fs) - -
A\ Goging site, storage vs. draft rote {1 cfs))
| T T T T T T T 7 1
{o] 20 30 40 50 60 70 80 20

Orainage Area in Miles

Figure 3. Within-year storage requirements related to drainage areas, and

draft rate, for 10-year recurrence interval, low~flow.
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APPENDIX D

Regional Seqiment Storage Requirements vs. Watershed Area

Among the more difficult parameters to determine in the design of a storage
impoundment is the amount of space required to store sediment. The service
life of an impoundment is determined by the rate that it will fill with sedi-
ment. That it will fill with sediment is inevitable.

Several factors influence the rate of sedimentation in a storage reservoir.
Among these are: the character of the soils of the contributing watershed;
crops and cropping practice; land treatment practices in the watershed; pre-
cipitation and rainfall intensity; and the sediment trapping efficiency of the
impoundment itself. Obviously, to precisely design an impoundment structure,
each of these separate factors would necessarily require evaluation. However,
at a reconaissance level, a reasonably accurate, yet time efficient procedure
is required. There are several methods available for doing this, but most are
time consuming and thus not highly adaptable to regional studies.

For the purpose of this study, a regional sediment storage relation was de-
veloped that was based on extant stream sediment data and watershed area.
Stream sediment-load data (Schultz et al., 1977) was compared to drainage
basin area and used to develop an annual sediment yield vs. basin area rela-
tion by numerical regression, as shown in Figure 5. (Note: 1In the figure,
the data point, Lake Panorama, was used for comparative purposes and was
derived from an intensive study of sedimentation rates at Lake Panorama. The
report on the Panorama study was in progress at the time of this investigation

and the information was provided by Oscar Lara of the U,S. Geological Survey).
The form of the relation is:

S = apb (6)
where:

3 = annual soil loss in acre-feet/acre

A = drainage basin area in acres
and

a and b are regression coefficients.

The relation developed for the study area and used in calculating sediment
storages values is:

S = 2,208-0.144 (7)
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This relation is considered to be reasonable for the study's level of investi-
gation, and compares quite favorably to one developed by the U.S. Department
of Interior and published in their manual for "The Design of Small Dams,"
1977. The relation published in this document is:

S = 2.40A-0.229 (8)

The difference in the two relations, about 30%, can probahly be related to the
highly erodable loess soils of the study region. The relation published by
the U.S.D.I. was based on data for less erosive, sandy soils in the southwest-
ern United States.

In calculating sediment storage requirements, all impoundments were considered.

to have sediment trap efficiencies of 100 percent, i.e., all contributed sedi-
ment would be retained by the impoundment , ‘
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APPENDIX E

Scaling of Storage Volumes to Categories of Population NDemand

Many of the sites identified and selected in the study had surface areas and
total storage volumes many times greater than actually required to supply
water to the design populations.

To show this by comparison, for each site, impoundment surface areas were
scaled down with respect to population water demands and total storage re-
quirements. The method employed in doing this involved determining the factor
storage volume per acre for the particular site. This factor was derived by
dividing the gross storage volume (Dawes/Terstriep) by the surface area.

For scaling the population demand, water supply, sediment, and evaporation*
storage volumes were summed and divided by the storage volume per acre factor.
The result was the number of surface acres in the impoundment related to an
actual population demand and its related storage requirements.

*For this study, evaporation losses were based on a 6 inch net evaporation
Toss per annum. The 6 inch net evaporation loss was derived by subtracting
the average annual precipitation, 34 inches (Waite, 1979) from the average
annual lake evaporation loss, 40 inches (U.S. Weather Service, 1959).
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