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Disclaimer

The Kansas  Geological Survey does not guarantee this document to be free from
errors    or    inaccuracies    and    disclaims    any    responsibility    or    liability    for
interpretations based on data used in the production of this document or decisions
based thereon.   This report is intended to make results of research available at the
earliest possit)1e date, but is  not intended to constitute final or formal publication.
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I.   Introduction

h 1985 the Kansas Geological Survey initiated a research program to investigate the

methodologies for water-resources planning so that the future supply and demands (quality and

quantity) of a given study area are satisfied.  As one approach to the problem, a model which

nrinimizes the discounted total cost (capital cost plus the operation and maintenance) of a multi-

component water-resources system over time was adopted.  This led to the development of a linear-

integer programming model formulated after a transportation model.  This model s-uccessfully
ii=

identifiestheS5£j!f%mcomponentsandtheirscaleandtimeofdevelopmentswiththeminimumtotal

discounted cost.  It:'was futher concluded that a simulation model is also required to determine the

operational behavior of the system so identified over time.  A simulation model developed at MIT

OrlTSIM) capable of simulating the behavior of multi-component system With many supply and

demapd nodes is adopted and tested using data available for the Kansas River basin.  With the test

of this model and the development and testing of the linear-integer programlning planning model,

the goals set in 1985 are basically achieved.  These goals were to develop, adopt, and test a set of

optimization and simulation models which may be used for multi-basin water-resources planning.
J

The development, adoption, and testing of these two models are only one step in the

development6fresearchtoolsforautomatedwater-res6urcesplanning.Whereasintheirpresent
',

forms these models are operational, their efficiencies and sophistications must be the subject of

further research.
J-.                                                            .        `     -   .

The`~d-vailabflity of water for users along the Kansas River depends on the runoff from the

basin and the yields that can be maintained from the coordinated operations of the three large

reservoirs, Milford, Tuttle Creek, and Peny.  In 1984, Black & Veatch Engineering-Architects

conducted a study to estimate the reservoir yields under ccordinated operations of the reservoirs.

A simulation model was used to determine the reliable flows in the Kansas River at Wamego,
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Topcka, Lecompton, and Bonner Springs under 1950 and 2035 conditions, respectively.  The

estimated reliable flows are flows that satisfy all demands in the study periods.

ThisreportpresentssomeresultsonthereliableflowsestimatedbyusingtheMIT

simulation model qusIM).  The inflow quantities and demands used in this report are the same

as those used in the Black & Veatch report.  However, different operating rules are used in this

study.  The results of this study are compared with those obtained by Black & Veatch (1984).

|1.   Study area. water demands. and  monthlyJD[,lovy,a
ii==r

11.1.   Study are`a±qgp physical features of reservoirs

11.1.1.   Studyarea

The Kansas River basin is a subbasin of the Missouri River basin.  The study area Figure

2.1)isthemainstemoftheKansasRiverfromJunctionCitytoBomerSpringsincludingTuttle

Creek, Milford, and Peny reservoirs.  Junction City, Bonner Springs, and four reservoirs are

nodes that define the system boundary.  Since Clinton Lake is located far downstream in the study

area, the yields from the Tuttle Creek, Milford, and Perry reservoirs, to a large extent, play a

crucial role in water supply of the study area under. drought conditions.  Water in Clinton Lake

would be available only for cities located downstream fi.Qrfu' Lecompton.  Water demands for

irrigation,ind`£stry,andmunicipalpurposesupstreapfromJunctioncityincludingwaterdemands
.,

.,

at Junction City will be lumped into the water-t2alance equation for the Junction City node.

```-`-

11.12.        Physical  features  of  reservoirs

The basic features of three reservoirs are summarized in Table 2.1.  Table 2.2 through

Table 2.7 show the storage-area-elevation relationships of reservoirs for 1980 and 2035 conditions

@lack `& Veatch,1980).
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Figure 2.1   Kansas River Study Area
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Reservoir Name            Tuttle  creek

Table 2.1    Reservoir Information

Mi'ford Perry

Location Big  Blue  River
in   Pattwatomie
county, 5.0 miles
north  of  Manhattan

Plepublican River
in  Geary  County,
5.0 miles north-
west of Junction
City

Delaware  Pliver in
Jefferson  County,
4.5 miles north-
west  of  Perry

Drainage`Area               9,628 sq. miles                       24,880 sq. miles                       1,117 sq. miles

a+I-'3b!b*'`

Dam  Type                                                          Compacted earth fill dam

Close  Date                        March 15,1962
Of  Dam

Jan.16,1967 March 21,1969

*Origjnal  Storage

(acre-feet)

a.   Flood Control

b.  Water Supply

c.  Sedimentation
I,/

2,367,000

1 ,942,000

197,000

228,000

i,115,000

700,000

-300,000
.

115,000/
_,

727,000

*1980 Conservation

Storage and
Sedimentation  La-ft)

` ` -`.

335,000

•       `    ..`

388,800 222,500

*2035  Conservation

Storage and Sedi-
mentation  (a-ft)

119,000 287,000

*Source:   Black &  Veatch study (1984).
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Table 2.2
Characteristic  Curve  of Tuttle  Creek  Reservoir  (1980  condition)

Elevation                                              Capacity

(ft-in.s.I)                                                    (acre-ft)

Surface
Area

(acres)

0
2970

17700
29900

Table 2.3
Characteristic  Curve  of Tuttle  Creek  Reservoir  (2035  condition)

Elevation                                             Capaci ty

(ft.-in.s.I.)                                                      (acre-ft.)            ,,

Surface
Area

(acres)

f'' 1 024

1026
1034
1038
1040

`._.-    1042
1046
1050
1054
io56
1058
1060

1062
1068

1072
1075

0
1060:.

62ed
10600

1 6400
23800
33300
43300

54700

671 i 0
89200

106000
119000
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Table 2.4
Characteristic  Curve  of Milford  Reservoir (1980  condition)*

ii=

1080.0

1095.0
1100.0

1 i 05.0

1107.5

1 i i 0.0
1115.0

1120.0

1122.5

1125.0

ti-£::
1137.5

1 140.0

1 144.4

0
9400

19100

34400

55200
82400

115500

155600
•203900

259'400

324400
388800

1490
1490
2490

4130

6020

7990

10380

13010

15710

Table 2.5
Characteristic  Curve  of Milford  Reservoir  (2035 condition)*

Elevation                                       Capacity

(ft.-in.s.I.)                                              (acre-ft.)

Surface
Area

(acres)

1080.0

1095.0
1 1 00.0

1105.0

i,,'11o7.5

1 1 i 0.0

1 1 1 5.0

1120.0'

1122.5

`.~.-    1r25.o
1130.0

1 135.0

1 1 37.5

1140.0

1144.4

0
6940 `

14100

25400

40700    }
60800
85300

1 14900
150500
191500

239500
287000

*Source:   Black & Veatch  (1984)
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Table 2.6
Characteristic  Curve  of  Perry  Reservoir  (1980  condition)*

Elevation                                       Capacity

(ft.-in.s.I.)                                             (acre-ft,)

Surface
Area

(acres)

0
3500

13800
22300
39100
50700
79100
96100

135000

181000
222500

5000
6420

7700

9320

1 1 630

Table 2.7
Characteristic  Curve  of  Perry  Reservoir  (2035  condition)*

Elevation                                          Capacity

(ft.-in.s.I.)                                                  (acre-ft.)

Surface
Area

(acres)

850.0
855.0
860.0

/      863.0

867.6
970.0
875.0
877.5~880.0

882.5
885.0
887.5
891 .5

10
2150
8460

1370Q  ,,;
24000
31000

:48500

58900

82800

11 1000

138500

*Source:   Black & Veatch  (1984)
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Table 2.8
Kansas River Irrigation (acre-feet)

1956
nyithdrawal -  Depleti_o_n -.i

Adjacent to Kansas River

Douglas'
Geary
Jefferson
Johnson
Leavenworth
Pottawatorie
Riley
Shawnee
Wabaunsee
Wyandotte

subtotals 10,600

Upstream from Kansas River

Clay
Cloud
Dickinson
Ellsworth
Lincoln
Mtchell
Ottawa
Republic
Saline

Subtotals

418
898
304
228
116

'   2,310
•''    1,570

2,430
713
•,  96.7

9,100  ``.  ,\
2,240                       1,930
3,780                       3,260
1,550                        1,340

756                          652
430                          370

2,080          !             1,800
1,366          `               1,180

10,200                       8,800
-                __ _2.87_0_

25,700                   22,200

TOTALS                36,300                31,300

Source:  Black & Veatch, 1984

EEERE
Wi th drawal            Denletion

781
5,420
2,670
2,480

308
7,610
3,150

13,800
1,500

275

674
4,679
2,300
2,140

266
6,560
2,715

11,900
1,300

237

38,000                   32,800

9,800
25,500
6,060
2,100
2,830
7,600
5,250

75,000
_   17.600

8,460
22,000
5,230
1,810
2,440
6,560
4,530

64,700
_   15.200

151,700                   130,900

189,700              163,700

Eii EEEEE iiii] I I

2Q3£
Wi thdrawal         Depletion

9,790
3,380
4,390
4,390

540
13,200
14,200
18,600
5,400

405

8,450
2,920
3,790
3,790

466
11,400
12,300
16,100
4,660

350

74,300              64,200

11,100
26,300
12,200
3,380
5,400

23,000
14,200
74,600
3 1 .000

9,560
22,700
10,500
2,920
4,660

19,800
12,300
64,400
26.800_

201,200             173,700

275,500         237,900

iiiii] iiiii[
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Table 2.9
Kansas River Municipal and Industrial Water Use

Annual Ouantitv. million gallons

User

Board of Public Utilities
Kansas City

Johnson County Water
District NO.  1

City of Bonner Springs
Publicvthole;.°ale:.Water
supply District NO. 1,
Gardner

J25£
mthdrawal  Depletin

00

±2&Q                                     2Q3£

]a[ithdrawal   Depletion          Withdrawal   Deuletion

41.6                 0

1,810         1,090            10,100            6,060

91.3            54.8

00

364                218

00

Cooperative Farm chemicals,       0                0             1,090               567
Lawrence

City of Lawrence.                        783            470             2,480           1,490

Kansas power& Light-        2,960            332             2,310           1,960
Lawrence Energy Center
Kansas power & Light-      22,400           223            2,570              694
Tecumseh Energy Center

City of Topeka
Southeastern Public Service
Co., Topeka

FE::nYeat6rop/istrictNo.4'
Goodyear, Topeka

City of Rossville

Kansas Power &,Light-
Jeffrey Energy Center
City of Wamego
City of Manhattan
City of Ogden
City of Junction City

City of Abilene

City of Salina

TOTAI,S

4,670         2`,800

387            232

9,290            5,570

604               3 62

0                 0                  142                  85.2/

' 568             227

00?

0   i   -:'.           0

.131                  78.6

1,100             660

72.0           43.0

747            448

302             181Jxp-
38,169         8,144

'..' 1,130                 452

49.2              29.5

4,220           4,030

199                  119        ..'

2,140             1,280

113                     67.8

1'000                600.

405               243-ERE
42,608         26,551

00

26,700      16,000

795            477

2,230         1,340

1,900            989

4,340        2,600

2,310         1,960

1,200         1,020

17,900      10,700

604            3 62

548            329

2,170             868

125               75.0

30,800     27,700

324            194

4,160        2,496

2:8M              TJ 2,

2,760        1,660

1,028             617-ERE
111,791       76,840

Source: Black & Veatch, 1984
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11.2. Water demands

The water in the Kansas RIver system is heavily used for irrigation, industry, and

municipal purposes.  Projected water demands for the water users in the Kansas River basin

depend on water rights, water-quality control requirement, and the economic development of the

basin.  The projected water demand in the basin for 1980 and 2035 condition_s are shown in Tables

2.8 and 2.9, in which withdrawals are equal to total water diversion from the Kansas River and

.depletions are equal to total water diversions minus total water returns to the river.  These values

areavereLgeannualvalues.Thewaterrightsfordifferentreachesinthestudyareaaregroupedat

Wamego, To`ba8ha, Lecompton, and Bonner Springs.  The water rights of the city of Lawrence and

the city of Olathe are included in the water demand at Bctnner Springs.  Projected seasonal

variations of water demands for 1980 and 2035 at the four stations are shown in Tables A.1 to A.8

of Appendix A.  These numbers in Appendix A are equal to average annual depletions multipfied

by monthly demand factors.  The months of June, July, August, and September have the highest

water demands in a year.  The projected water demands for the year 2035 are about two to three

times of the 1980 values.

11.2.1    Monthly inflows

Thesfeamflowrecordsshowthattheperiod-fromNovemberl952throughMayl957
/

represents a drought with about 2% chance of annual occurrence.  Since the 1950's, both in-state

and out-of-state w.ater depletion have increased significantly (see Tables 2.8 and 2.9).  In addition,
\`-`-

a new interstate compact for the Big Blue River was signed in 1971.  Consequently, the

'streamflows recorded in the 1950's must be reduced accordingly before they can be used for the

operational study for the years 1980 and 2035 conditions.  The monthly net inflows to each of

three reservoirs are based on historical streamflow records for the drought.period subtracting

estimated depletions and lake evaporation and adding precipitation over the lake surface.  The

stream-gagingstationsusedintheinalysisweretheRepublicanRiveratClayCenter,theBigBlue

10
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River at Randolph, and the Delaware River at Valley Falls (see Figure 2.1).  The estimated

depletions reflect (1) interstate water compacts, (2) additional upstream depletion, and (3) flow that

must be passed through the reservoirs to satisfy senior downstrean water rights.  The redu.ced

(adjusted) flows are listed in Table 8.1 of Appendix 8.  The estimated net monthly inflows based

on the reduced values to each reservoir are shown in Figure 2.2.  The net-inflow sequences for the

2035 condition practically the same as those for the 1980 condition are not presented herein.

Figure 2.2 shows that inflows to Tuttle Creek Reservoir are larger than the other two.  For the

reservoir system, the critical drought period apparently occurred from August 1956 through-,-
February 19577.'*fa

The Smoky IIill River is a tributary of the Kansas River (see Figure 2.1).  Flow from the

Smoky IIill Rj.vcr enters the Kansas River at Junction City.  The magnitude of flow is affected by

the water demands upstream from Junction City (see Tables 2.8 and 2.9).  At the Junction City

node, a water-balance equation is used to determine the strealnflows downstream from Junction

City.  These flows are the inflows to the Kansas River as listed in Table 8.2 of Appendix 8.

The surface runoff from the intervening drainage area between two neighboring nodes from

recorded incremental inflows from November 1952 to May 1957 is used as basic data in this study
I

(see Table 8.3 of Appendix 8).

i",

11
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Ill.   Simulation model

The simulation model developed at MIT (Strezepek and Lenton, 1978) was used to evaluate  .

thephysicalperformanceoftheKansasRiversystemonamonthlybasis.TheMrrmodelisa

comprehensiveriver-basinplanningmodeloriginallyusedasatooltostudytheintegrated

developmentOftheVardar/AxiosRiverbasininGreeceandYugoslavia.TheoriSnalmodelwas

modified for this study.

Ill.1.   Network representation

hiord`;°£Sf8'`simulatethebehavioroftheriversystemovertime,thesystemmustbe

simplifiedconceptuallyintoanetworkofnodesandarcs.Anoderepresentsaphysicalcomponent

(e.g.,areservoir)ofthesystemwhosebehaviormaymodifydownstream-flowcharacteristics,or

a. location on the stream for monitoring the flow.  Different types of nodes incorporated in the

model are shown in Figure 3.1 and described in the following section.  All nodes are connected by

directedarcswhichrepresentnaturalormanmadecomectionsofariversystemandthedirectionof

flow.  The network enables the model to trace flow throughout the river system in a straight-

forward way.                                                                I
.

fr
Ill.2.  Nodes and nodal operations .

Ill.2.1   Inflow node and terminal node

Infl`o_wno'desareboundaryn`od6s,whereinflow(input)hydrographsaredefined.

Terminal nodes are also boundary nodes, where outflow hydrographs are computed.

13
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Figure 3.1   Network representation of Kansas F}iver Study Area
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Ill.2.2.   Reservoir node

A reservoir node is used to represent a storage reservoir.  The reservoir is operated

according to a specified release rule.  The rule used is the standard operating policy @iering,

1967).  Each reservoir is assumed to fonow the standard operating policy independently.

TheparametersusedinthereservoirnodeareshowninFigure3.2aandallunitsarein

106m3.  The water available in reservoir s during month n of year t is given by

WS(f , #) =  Sr(f ,n ) -EVS(f ,  n)

Vlere -
g,=i:.LS:ae#toreservoirsdulngmonth#ofyear£.

S,(i,71)=waterstoredinreservoirsatthebeginningofmonth#ofyearJ.

EV,(f,#) = evaporation of reservoir s during month # of year f and is given by

EVE (f ,  #) = 1000  x  evS (# ) x  RAS (f ,  #)

el;S(#) = evaporation coefficient of month # (mm/month).
A

ji4(f,#) = reservoir surface area at the beginning of month # of year f (km2).

where

(3.1)

(3.2)

The standard operating rule is shown in Figure 3.2b.  h Figure 3.2b, the abscissa is

availablewaterW.(I,#)andtheorqin`ap`isthereleasefromreservoirsinmonth#ofyearf,
`.

D,(f,#).  Th`e-target release is denoted by 7R,(#).  The maximum available storage capacity of

reservoir s is

V:(n) =  SMAXs(n) -SMINs(n)

where

SMAX,(#), SA4IIV,(#) = maximum and minimum storages of reservoir s,
respectively.

15
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a)   Reservoir node and flow variables

D s(t, n)

Fig. 3.2  Reservoir Node and its Operating Rule

16
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The standard policy operates the reservoir according to the following rules depending on

available water W, (f,#) :

(1)     If w.(f,#) is less than or equal to target release TR,(#), release all available
water (line AB in Figure 3.2b).

(2)     If available water is larger than the target release, but less than or equal to
Hi,(#) + V., (71), release a part of available water to meet the target release and
store the rest until the maximum allowance storage is reached (line BC in Figure
3.2b).

(3)     If w,(f,#) is larger than rR,(#) + V., (#), release the target amount and spill
the excess water (line CD in Figure 3.2b).

trsing.§i&:::dardoperationmletooperatereservoirsrequirestargetreleasesfromeach

reservoir as input to the model.  Since the target releases of the three reservoirs of the Kansas River

are not known in this study, trial values of target releases must be selected.  For comparison

purposes, the initial and final reservoir storages for the simulation period must be the same as those

given by the Black & Veatch study (1984).  Based on those terminal storage values, reservoir

target releases are adjusted by trial-and-error method until the minimum instrealn flows reach their

maximum values.  The final target releases determined in this manner for each reservoir are listed

in Tables 3.1 and 3.2.  The final reservoir storages are listed in Table 3.3.  The final storages
J

shown in Table 3.3 for the simulation model are very close to those from the Black & Veatch.

study.              f,                                                                         _ ,/

][1.2.3Municipalandindu'stria[watersupply.(M&[`)node

M&Inoderepresentsconcentratedwatetrdemandforindustryandotherusers(Figure
JL-                                                                ..        `     .-.

3.3a).  The.operating rule in the original model is shown in Figure 3.3b and can be described by

the following equations:

EM s(i , n) = Qs(i , n) , if Qs(i , n) <-TM a(n)

EM a(i , n) --TM s(n), if  Qs(i ,n ) > TM s(n)

17
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Month

Table 3.1
Reservoir Target Releases for Simulation model

(106 x m3, 1980 condition)

Tuttle
Creek                           Milford

Re servoir                      Reservoir
Peny

Reservoir

January
February
March
April
May
June
July     -
August

September

October

November
December

33.18

33.18

33.18

33.18

33.18

33.18

33.18

33.18

33.18

33.18

33.18

33.18

13.41

14.20

11.19

11.15

18.87

18.82

18.09

10.69

17.09

15.40

14.85

15.85

15.94

14.12

16.28

8.60

2.22

17.51

1.86

14.26

15.78

16.31

15.54

16.23

Month

Table 3.2
Pie_servoir Target Releases for Simulation model

(106 x m3, 2035 condition)

&uettle.a              .         rmord
Res ervoir                      Reservoir

Peny
Reservoir

January

Febmary
March

April
May
June
July
August

September

October

November
December

21.57                          I'      12.98

21.57

21.57

21`.57

21.57

21.57

21.57

21.57

21.57

21.57

21.57

21.57

13.06

12.96

13.19

12.98

13.32

12.62

8.19

11.75

12.52

12.62

12.88

11.22

9.33

1 1.77

1.87

1.87

16.87

1.87

10.41

14.67

11.72

10.72

10.09

18
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Table i3.3
Initial and Final Reservoir Storages (acre-feet)

Reservoir

1980 condition 2035 condition
hitial Final hital Final

MITSIM B&V MITSIM B&V

Tuttle Geek 335,000 43,476 43,436 119,000 14,039 14,089

rmord 388,800 57,320 9n ,2:2;R) 287,000 48,832 48,896

Peny 222,500 43,447 43,280 138,000 23,436 23,436

Q,(i, n)

EM  [t,n)

M&I

RM  Jt,r;)

Ds(i,n),

Fig. 3.3  Municipal and Industrial node and its diversion rule.
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where

EMs(f,#) = actual diversion for the node I during month # of year J.

TMS(#) = target diversion for month 72.

JtMs (#) = return flow from M&I node a during month 7c of year f.

RMs(t , n) --(1 -  e) X  EMs(n) (3.6)

where

C``=CO`¥a*¥:Ptiveusecoefflcient,OScS1.

However, for this study, the condition given by Equation (3.4) is not valid because target

water supply, rMS(#), should be satisfied.  ",(#) represents water demand at a given node.

Therefore, e in (3.6) is set to be zero.  Then, the water balance equation of M&I node is

Ds(i , n) = Qs(t , n) - TM s(i , n)

Ill.2.4  Confluence node

(3.7)

Thec6'nfluencenodedesignatesthejoiningOfn.aturaltributariesormanmadechannels(see
.,

Figure3.4).Thewater-balanc;equationforthe`.c6nfluencenodesis

where

``.\_
Ds`(t , n) =  Q`s(t , n) +  Qs2(i , n)

Ds(f,72) = outflow from the node s during month # of year f.

a;(I,#)=firstchamelinflowtonodesinmonth#ofyear£.

gs2=secondchannelinflowtonodesinmonth#ofyearf.

20
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i=
-,a+*3Sa`

Fig. 3.4  Confluence

Ill.2.5  Plecording Node

This node is used to monitor the instream flow and to check whether the minimum flow

required for navigation, water quality or fish and wildlife is violated.  The water balance is simplyI

where

Ds(i , n) '=  Qs(i , n)
f`-,

gs(f,#)=inflowtonodeSinmonth#of'yearf.

(3.9)

D,(f,#) = ®ritflow of no.de s in inonth # of year f.
\`-`.

For each month of the simulation period, the final result of operation sought for at a given

node is the downstream flow from that node.  If there is no gain or loss of water between two

neighboring nodes s and s + 1, Equation 3.9 becomes

Qs +i(i , n) = Ds(i , n)

21
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Ill.3  Computation procedure

The simulation model is operated based on the water-balance procedure at each and every

node in the system for each time step from the xpstream node to the downstream node.  The model

starts calculation for the first month of the simulation from starting node to the downstream node

until the terminal node of the system is reached.  After the completion of this cycle, the model

repeats the computational procedure for the next time step until the end of simulation period is

reached.

Fj2rcomparison,itisnecessarytodescribebrieflythecomputationprocedureoftheBlack

& Veatch simiffiaition model.  In the Black & Veatch study, the model is operated from the upstream

node to the downstream node in a trial-and-error manner.  A constant release rate from Tuttle Cheek

Reservoir is set.  This constant release rate is maintained throughout the drought period except

when smaller releases are adequate to meet the target flow at Wamego.  Operationally, a target

downstream flow value at Wanego is first selected.  Releases from Milford Reservoir ae used to

make up any deficit from Wamego target flow.  The model should run many times by adjusrfug the

Wamego target value until all of Milford Reservoir conservation storage is required to maintain the

target value at Wamego.  Once this "opdmum" steady flow has been reached, the process can be

moved downstream through the Topeka node to the Lee,ori'bton node.  The procedure of setting

targetflowatfecomptonandcontrollingreleasefrogivsenyReservoirissimilartothatusedat
/

J

Wamego.  At this time, only adjusting the releases from Peny Reservoir reaches the maximized

target value t2y marty runs So that the`cQinservation storage in Perry will be evacuated.
\.-i

lv.   Plesults and comDarison

The objective of this study is to detemrine the operation of the Kansas River system under

1950's drought condition and the 1980 and 2035 conditions of reservoir storages and water

demands with a simulation model.  The results are presented and discussed in this chapter.

22
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Figures 4.1 to 4.20 and Appendix C show the results of the operation with MIT Simulation

Model Q4ITSIM) of the Kansas RIver system with three existing reservoirs:  Tuttle Creek,

Milford, and Perry.  For comparison, the Black & Veatch results are also shown in Figures 4.1 to

4.20.  It is noted that both of the models have been run under the same inflow sequences, water

demands, and the initial reservoir storages.  It is found that both sets of results are very close.

The minimum instream flow observed at Wamego, Topeka, Lecompton, and Bonner

Springs are listed in Table 4.1.  These minimum instrean flows calculated by this model can be

sustainable during the operation period.  Table 4.1 shows that (1) under 1980 conditions, instream-\
flow from sta`frong` gains more than 150 cubic feet per second from Wamego to Bonner Springs;

however, under 2035 conditions, the instream flow loses more than 100 cubic feet per second, and

(2) the values of downstream flow based on the MIT simulation model are decreased by 5.9% to

8.0% with reference to Black & Veatch values under 1980 conditions.  Furthermore, these values

are decreased 4.0% and 8.7% for Wamego and Topeka, and are increased 3.1% and 3.7% for

Lecompton and Bonner Springs over the Black and Veatch study for year 2035 conditions.

A

Table 4.1   . `'
Minimum Streamfiow Rate

Flow Rate (cfs\
1980 condition`                               2035 condition

B & V           MITSIM
467                  448 (-4.0%)

232             .. '212 (-8.7%)

431                   444 (3.1%)

36i3                3r]7  (3]qo)

B &V       `.-.MITSIMStations
Wanego    ``-`.

TOpcka

Lecompton
Bonner springs                  904

692 (-7.5%)

636  (-8.09ro).

869 (6.7%)

851  (-5.99ro)

Note:  Numbers in Parentheses in the table are increases or decreases with reference to the Black &

Veatch (1984) values.

23



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Vl.   Summarv and conclusion

In this study, the MIT Simulation Model OrITSIM) is tested by its application to the

Kansas River basin to investigate water-supply potential of three existing reservoirs:  Milford,

Tuttle Creek, and Peny.  As a detailed monthly simulation model, MITSIM incorporates a complex

system of surface reservoirs, rivers, channels, and water-supply nodes and evaluates the physical

p.erformance of the system.  This model has been found to be capable of being used for several

types of planning studies.

In`this study, 1953-1956 drought period inflow has been chosen for flow input data.

Undertheconlifeonofreservoirstorageandwaterdiversionsalongtheriverforl980and2035,

respectively, the flow in the system has been simulated.  The results ae also compared with the

results of the Black & Veatch study (1984).  As a consequence, the MIT simulation model is found

to be a useful tool for long-term analysis of multi{omponent reservoir systems.
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Figure 4.3  Storage in Perry F]eservoir (1980)

EL

1957

iiii iiiir I



EEEEE] biiil iii_ nEE] miE iiE

1953 1954 1956

Figure 4.4   Plelease from Tuttle Creek F`eservoir (1980)

1957

D iiiE] I



iiiil I D I iiil Eiii I bEE

1953

Figure 4.5   Release from Milford  Reservoir (1980)

iii I I



Eii[IInEiH

1957

FJIEiEin

1956

•1rlI

1953

Figure 4.6   F}elease from Perry F]eservoir (1980)



iiiihrmInIPiiHiiii]I

19571956

Figure 4.7  Downstream Flow from Wamego (1980)

1953



pr qu I iE mu iiiil iiiL iiE

1953 1954 1955

Year
1956

Figure 4.8  Downstream Flow from Topeka (1980)

I

1957

iiiil iiE]



EEEEilliiEiilEiiiEiiiiiiEiiEE

19571955

Year
1954

Figure 4.9   Downstream Flow from Lecompton (1980)

1953



I EEEE] I iiiil iii_ Eiiii] EEE] EiiiiE

1953 1954 1956
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Appendix  A.    Monthly  Water  Demands   /
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Table A.1  Water Demand at Wameco (1980 condition)

Unit:  Acre-ft

Month Jan Feb NI Apr- May June July Aug Sep Ou Nov Dec Total

Municipal 95 95 112 112 112 201 201 201 173 112 112 95 1,621

Industrial 0 0 .ro 0 0 0 0 0 0 0 0 0 0

Agricultural 317 317 317 317 317 317 317 317 317 317 317 317 3,804

Total 412 412 429 ., 429 429 518 518 518 490 429 429 412 5425

/1\

Table A.2  Water Demand at Toi)eka (1980roondition

Unit:  Acre-ft

Month Jan •Feb NI Apr May June July Au8 Sep Ckit Nov Dec Total

Municipal 512 512 :607 607 607 1,089 1,089 1,089 936 607 607 512 8,774

industrial 935 935 935 935 935 1,430 1,430 1,430 1,430 935 935 935 13,200

Agricultural 920 920 920 920 920 920 920 920 920 920 920 920 11,040

Total 2,367 2,367 2,462 2,462 2,462 3,439 3,439 3,439 3,286 2,462 2,462 2,367 33,014
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t''Eab±quandatLecompton(1980condjfi#`
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Unit:  Acre-ft

Eiiii]

MonthMunicipalIndusthalAgriculturalTotal Jan 0102 Feb NI Apr May June July Aug Sep Ou Nov Ike Total

0 0 0 0 0 0 0 0 o. 0 0 0

102 102 102 102 102 102 102 102 102 102 102 1,224

0 0 0 0 0 0 0 0 0 0 0 0 0

102 102 1d2. 102 102 102 102 102 102 102 102 102 1.,224

Unit:  Acre-ft

MonthMunicipalIndusrialAgriculturalTotal Jan3344492871,070 Feb334 NI Apr May June July Aug Sep Ck* Nov ne Total

396 396 396 711 711 711 611 396 396 334 5,726

4492871,070 :449 449 449 686 686 686 686 449 449 449 6,336

287 287 287 287 287 287 287 287 287 287 3,444

1,132 1,132 1,132 1,684 1,684 1,684 1,584 1,132 1,132 1,070 15,506
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Table A.5  Water Demand at wameso (2035 condition)   /

iiE I EiEEl

.\ + Unit:  Acre-ft

Month Jan Feb
YNI

Apr May June July Aug Sep
IOu

Nov Dec Total

Municipal 288 288 341 341 341 612 612 612 526 341 341 288 4,931

hdustrial 0 0 0 0 0 0 0 0 0 0 0 0 0

Agricultural 820 820 820 820 820 820 820 820 820 820 820 820 9,840

Total 1,108 1,108 1,1'`61 1,161 1,161 1,432 1,432 1,432 1,346 1,161 1,161 1,108 14,771

Unit:  Acre-ft

EEEEH

Month Jan Feb NI Apr May June July Aug Sep CX;t Nov be Total

Municipal 1470 1,470 1,743 1,743 1,743 3,129 3,129 3,129 •2,688 1,743 1,743 1,470 25,200

Indusrial 6,154 6,154 6,154 6,154 6,154 9,412 9,412 9,412 9,412 6,154 6,154 6,154 86,880

Agricultural 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 1,720 20,640

Total 9,344 9,344 9,617 9,617 9,617 14,261 14,261 •14,261 13,820 9,617 9,617 9,344 132,720

iiiE ii±
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rib_1e A.7  Water Demand at Lecompton (2035 condition)_  /

EiiE I iii

•.'                       -..`                                                                            #         Uhit:  Acre-ft

MonthMunicipal Jan Feb
\Mar`

Apr May June July Aug Sep Qit Nov Dec Total

0 0 0 0 0 0 0 0 0 0 0 0 0

IndustrialAgriculturalTotal 173 173 173 173 173 173 173 173 173 173 173 173 2,076

0 0 0 0- 0 0 0 0 0 0 0 0 0

173 173 173 173 173 173 173 173 173 173 173 173 2,076

\

±al2±A.8`witerDemandatBonneisprings(2035cQli.di±QE
\
\ Unit:  Acre-ft

NI May June July Aug Sep Ck* Nov be TotalMonthMunicipalIndustrialAgriculturalTotal Jan Feb Apr

1099 1099 1303 1,303 1,303 2,339 2,339 2,339 2,010 1,303 1,303 1,099 18,839

520 520 _520 520 520 796 796 796 796 520 520 520 7,344

1010 1010
!1010 1,010 1,010 1,010 1,010 1,010 1,010 1,010 1,010 1,010 12,120

2,629 2,629 2833 2,833 2,833 4,145 4,145 4,145 3,816 2,833 2,833 2,629 38,303
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Appendix  8,    Reduced  (Adjusted)  Monthly  Inflows

Tine

Table 8.1   Monthly Inflow to Reservoirs

Tuttle
Cheek                            Milford

Re servoir                      Reservoir
Peny

Reservoir

(1)                                         (2) (3 )                                       (4)

Year:  1952
NTovember
Decem`rfeL.

Year:  1953
January
February
March
April
May
June
July
August
September
October
November
December

Year:  1954

igburu¥
Marsh
April
May
June
Julx`-`.
August
September
October
November
December

Year:   1955
January
February
March
April
My
June
July

50

36,900
46,100

46,100
50,400
58,800
48,000
32,800
27,000
26,100
18,400
7,190

17,300
29,200
40,800

24,100
32,400
27,200
31,500
30,700
1Q'09.0
8,210

54,300
21,400
36,600
24,100
23,600

23,600
95,000
52,400
33,200
9,880
8,990

29,600

1,940
5,150

1,640
20,500
6,010
2,280

25,100
20,000
2,370

0

/0- ,`   2,500
'        1,380

0
14,100
37,600

0
16,900

0
0

720
5,370
1,530

0
31,800

0

2,420
3,050

4,040
3,620

11,500
7,550

11,500
2,710

300
180
220
320
480
870

260
680
690

1,450
12,900
56,500
2,060

..,     62,300
1,220
6,000

680
1,040

1,930
47,200
17,300
15,400
6,730

15,600
6,120
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_Table 8.1   Monthly Inflow to Reservoirs (con't._i

Tuttle
Cheek                           Milford                            Perry

Re servoir                      Reservoir                       Reservoir

(3 )                                       (4)

Year:  1955 (con't.)
August
September
October
November
December

Year:[i::n:umaygh

Marsh
April
May
June
July
August
September
October
November
December

Year:   1957
January
February
Mach

#? ,.'`-

51

8,530
2,720

16,400
12,900
15,500

17,900
19,800
24,100
19,100
5,500

35,'500
20,loo
9,380
6,400
9,980

10,400
13,200

11,900
15,700
23,900
54,400
38,400

0
0

773
1,280

0
18,300
30,800

0
0
0
0
0

-''43,200

1,080
150

1,380
340
390

310
610
450

1,780
3,810
2,040
9,970

290
160
90

230
200

120
230
920

17,800
37,000
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Table 8.2  Monthly Incremental Flow' to Kansas River

Flows  (a-ft)

Bonner
Time                           Wane oTo eka             Lecom tons

Year:  1952
November
December

Year:   1953

:I:i:i:i:;-.=`-
April
May
June
July
August
September
October
November
December

Year:  1954
January
February
March
April
May
June   f'``
July
August
September
October
November
Deceinber

Year:  1955
Januay
February
hfroh
April
May
June
July
August
September

0
3,390

3,760
7,050

13,170
7,570

0
10,730
7,300
4,940
3,030
2,920

0
0

0
870

1,590
740
620

2,570
2,860

1,750
990

4,410                   .        0
00
00.

39,010                  32,9,4b
20,610
10'800                `
5,870
5,670
4,340
4,000

4,530
4,930

13,500
7,660

11,230
150

11,730
2,420

0

52

9"730
0
0

4,570
3,800
1,870

0
7,590

12,430
13,390
15,790
2,100
9,600
2,950

0

12,200
12,990

6,700
10,200
16,700
12,300
13,300
14,900
6,500
3,370
1,760
1,270

0
0

1,670
380

2,660
6,000

11,400
106,900
14,040

102,300
14,360
12,840
1,040

0

2,370
53,400
22,400
16,880
11,050
20,800
25,200
7,940
2,040

1,880
0

2,800
3,300
4,600
3,600
1,600

28,000
10,300
5,130
4,780
4,280
4,730
1,390

0
0
0
0
0
0
0

0
4,940

16,800
700

30,070
0

40,700
5,370

0
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Table a.2  Monthly hcremental Flow to Kansas River (con't.)

_                                             Flows   (a-ft)                             ..      ,_

Bonner
Time                            Wame oTo eka             Lecom tons

Year:  1955 (con't.)
October
November
December

Year:L%:umngal+ha

March
April
May
June
July
August
September
October
November
December

Year:   1957
Januay
February
March
April
May  /,'

53

210
1,710

0
7,530

12,250
600

47,200
3,170
1,360

80
660

0

0
0

600
9,700

50,400

2,250
1,000
5,200
5.420

2,150
7,700
8,990

26,400
0
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Table 8.3  Flow from Smoky Hill River to Kansas River

Flows  (a-ft)

Time                                 Wane oTo

Year:  1952

Year:   1953
i.ii=

November
December

January
te`.Eiekruhary

Aprd
May
June
July
August
September
October
November
December

Year:  1954
January
February
Marsh
April

#n!
July
August
September
October

'~.November         .-`  -:.`
``~`-           D ecember

Year:  1955
January
Febmary
March
Aprd
May
June
July
August
September

21,170
22.180

20,510
18,990
24,030
20,090
77,660
30,080
17,660
15,130
10,940
6,910
7,290
9,860

7,390
6,820
8,250
6,550

0
72,230
1&,'860

'    5,400
5,990
5,130
3,710

5,040
4,350
5,830

23,460
6,020
3,260

17,360
7,110
8,400

54

15,490
16,500

14,830
13,310
18,350
14,410
71,980
24,400
71,980
9,450
5,260
1,230
1,610
4,180

1,710
1,140
2,570

870
0

60,870
13,180
4,200

0
30

0
0

0
0
0

13,400
340

0
9,260
1,430
2,720
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Table 8.3  Flow from Smoky Hill River to Kansas River (con't.)

Flows  (a-ft)

Time                                    Wame OTO

Year:   1955 (con't.)
October
November
December

Year:  19€6

Year:   1957

faigburuaryary
March
April
May
June
July
August
September
October
November
December

January
February
March
April

//-        May

4,390
3,740
5,510
6,270
3,980

0
0
0
0

2,540
2,800
1,290

390
1,660

33:;3!.`,
109,900

55
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AppendixC. Fiesults

Tine

_Table C1.   Reservoir Storage (1980 conditio_a_i

___                         Storage (a-ffi                         _
Tuttle
Creek                      Milford                    Perry

Reservoir                 Re servoir                Re servoir

Year:   1952
`Decemoer

Year:  19iFfu
January
February
March
April
May
June
July
August
September
October
November
December

Year:   1954
January

Fie:,Fhary
April
May
June
July
Augus.t
Se`Ptember
October
November
December

Year:   1955
January
February
March
April
May
June

335,000                     388,800                     222,500

334,994
334,994
334,994
334,994
334,994
331,476
322,518
308,220
283,081
268,304
267,535
2:J9.52;6

379,561
388,547
384,835
3n8,fjri2,
387,869
388,786
a;J6,qJ9
367,803
353,939
341,447
329,404
325,132

272,788                      314,259
278 ,396                      305$244
276,190                     _296,902
280,552                   ,,;287,860
284,112            .. ,  ''    286,658
334,994                     308,992

391329                   33£:3£2
317,892                      288,679
322,517                      276,188
314,931                       264,146
308,837                      251,375

305,038
334,994
334,994
334,994
317,712
296,412

240,502
2:2f),Jce
225,356
217,844
202,543
219,079

213,612
205,784
204,084
204,658
214,355
202,864
201,649
190,261
177,681
164,774
152,652
140,362

127,698
116,930
104,421
98,896

109,993
152,292
152,839
203,570
191,991
184,.764'172,842

160,723

149,729
185,479
189,579
190,003
202,929
204,327

Note: Results from MT simulation model
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Table C1.   Reservoir Storage (1980 condition) con't.

S torage (a-ft\
Tuttle
Creek                      Milford                    Perry

Reservoir                 Reservoir                Reservoir

(2)                                 (3 )

Year:   1955 con't.
July
August
September
October
November

EI

Year: i:}u6¥
February
March
Aprfu
May
June
July
August
September
October
November
December

294,784
267,885
240,986
228,412
210,897

188,178
180,119
175,910
167,470
144,683
151,853
142,799
122,107
96,248
76,455
58,068
43,476

204,407
195,733
182,457
177,186
165,144

141,501
129,989
.121,040
113,280
97,980

101,018
117,148
108,477
94,618
82,130
70,090
57,320

208,931
198,443
185,794
173,947
161,687

136,302
125,464
112,714
107,519
109,527
97,367

105,824
94,548
8 1 ,9 1 1
68,775
56,405
43,447

Note:  Results from MIT simulation

f,
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Release
from
Tuttle
Cheek
(cfs')

Table C.2  Hydrograph (1980)

Flow
Release        Flow          Flow        Release        Flow              at
From             at                at             from              at           B onner

Milford     Wanego     Topeka        Perry     Lecompton   Springs
(cfs)            (cfs)            (cfs)(cfs)             (cfs) (cfs)

( 1 )               (2)                  (3) (5)                 (6)

Year:   1953
January     735
Febmary   819
March       9 65
April         7 80
May    `     614`t`---fii
June
July
August     445
September445
October    445
November445
December 445

Year:   1954
January     445
February  445
March       445
A|]rii         445
May          445
June           851
July           445
August     445

8ecE:ebgfber4#5
November445
December 445

Year:   1955
Janutry    445
Februaryl,088
March        841

Sep-tember445
October    445
November445
December 445

April
May
June
July
August

1,312           1,444
1,436            1,511
1,735           1,899
1,382           1,483
2,148          2,107
1,436            1,381
1,102           1,049

920             892
901               859
813               782
761               763
816               824

743
757
812
697
693

2,940
1,337

939
865
845
799
781

8           1,797
8           1,905
3          2,451
1            1,842
5          2,363
2          2,301
1            1,327
8            1,196
8             1,151
0          1,072
1'           1,030
1            1,047

43

981
911

1,067
851
851

5,407
697           1,670
778         2,,] SS
263           1,239
312           1,294
046          1,027
989               971

214             990
189          2,582
218           '2,071
115             1,781
29           1,411

235          1,304
25           1,713

191            1,053
211            1,000
219           1,723
208             945
218              943

Note:  Results from MIT simulation model
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Release
from
Tuttle
Creek

Time         (cfs)

Table C.2  Hydrograph (1980) conk

Flow
Releas e        Flow          Flow        Release        Flo w              at
From             at                at             from              at           B onner

Milford     Wamego     Topeka        Perry     Lecompton   Springs
(cfs)            (cfs)(cfs)             (cfs) (cfs)            (cfs)

(1)               (2) (6)                 (7)                 (8)

Year:   1956
Januay    445
Februay  445
Marsh       445

445

j\:i:::::-----:-,:::June
July           445
August     445
September445
October    445
November445
December 445

Note:  Results from MIT simulation model
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Table C3.   Reservoir Storage (2035  condition)_

___                             Storage (a-ftl                                  _
Tuttle
Creek                      Milford                    Perry

Re servoir                 Reservoir                Reservoir

(1)                                        (2) (3 )                               (4)

Year:   1952
December

Year:   1953
Januay
February

¥pap=hFho
May
June
July
August
September
October
November
December

Year:  1954
January
February
March
April
May
June

Lu:gust
September
October
November
December
\``.

Year:   1955
January
Februaryrich
Aprd
May
June
July
August
September
October

119,000                      287,000                      138,000

118,995
118,995
118,995
118,995
118,995
118,995
118,995
114,058
98,340
93,147

101,826
118,995

118,995
118,995
118,995
118,99.5
118,995
118,995
10

118,995
118,995
118,995
118,995
111,139
99,341

107,104
89,617
72,130
69,069

278,112
286,994
282,493
274,077
286,991
286,988
279,112
272,462
262,928
252.,J71
242,535
240,592

230,067
221,971
212,847

A   202,151

28g:339
222,313

.-;223:523

212,893
202,658
192,214

181,689
171,825
166,686
157,524
146,998
168,006
157,768
151,121
142,165
139,223

132,948
129,005
130,967
137,013
137,994
127,018
125i,793
117,518
105,833
96,647
88,444
81,136

72,,2:95
65,412
56,551
56,482
67,876

110,724
111,269
137,990
127,305
123,807
115,795
108,658

101,499
137,996
137,995
137,995
137,994
137,991
137,990
130,630
118,880
110,759

Note:  Results from NIt simulation model
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Table C3.   Reservoir Storage (2035 condition) con't.

__ _                        Storage (a-in
Tuttle
Creek                      Milford                    Perry

Reservoir                 Reservoir                Reservoir

(3 )                              (4)

Year:   1955 con't.
November
December

Year:   1956

-E#m:¥
April
May
June
July
August
September
October
November
December

61,042
57,682

57,242
58,591
63,754
64,677
51,196
67,630
67,573
55,733
38,693
28,153
19,168
14,039

128,999
118,556

108,031
97,443
8;M ,J CJ2`
78,286
67,761
75,2`62`
95,836
89,192
79,662
69,509
59,276
48,833

102,407
94,609

85,831
78,885
69,789
70,061
72,357
cO:J2:2`
69,174
61,028
49,302
39,883
31,425
23,436

Note:  Results from Mlt simulation model
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Tuttle
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Time         (cfs)

Table C.4   Hydrograph (2035_I

(cfs)            (cfs)

Flow
Release        Flow          Flow        Release        Flow             at
From             at                at             from              at           B onner

Milford     Wamego     Topeka        Perry     Lecompton   Springs
(cfs)(cfs)             (cfs) (cfs)

(1)               (2)

Year:   1953
January     735
February  820
March       966

780

%p£¥  tsifef i;
July           29 7
August      289
September289
October    289
November289
December 358

Year:   1954
January
February
March
Aprfu
May
June       1,697
July           2 8 9
August      548

8ecE:eb=iberzi;
November317
December 342

Year:   1955   i-
Januay    382
Februaryl,586
March       8 42
Aprd         550
May           289
June          289
July           289
August      289
September289
October    289
November289
December 289

7            1,481
4           1,596
1           2,150
3           1,527
4         2,203
2           1,921
2780
1632
0597
4569
7529
1591

50             647              604
77          2,852          2,891
86           1,926           2,158

5            1,653            1,618
1               867           1,320
8               848               781
1            1,233            1,843

528               550
483              421

Note:  Results from MIT simulation model
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_T_able C.4   Hydrograph (2035) con±

Release        Flow
From             at

rmord    Wanego
(cfs) (cfs)

Flow
Flow        Release        Flow              at

at
Topeka

(cfs)

from              at           B onner
Peny     Lecompton   Springs

(cfs)(cfs) (cfs)

(1)              (2)

Year:   1956
Januay    289
February  289
Marsh       2 8 9

i`ii`;?  `:-t3;3
June          289
July           2 8 9
August      289
September289
October    289
November289
December 289

Note:  Results from
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