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The specific objectives of this research were:

To develop mathematical models of the operation of a multipurpose
reservoir subject to fluctuating water levels within the flood
pool;

To develop simulation models for rooted vegetative growth and
succession within a reservoir area subject to neriodic flooding;
To develop a conceptual model of plant damage due to flooding;
and

To develop procedures for environmental management around multi-

purpose reservoirs,
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Fig. 4. Red Rock Lake facing upstream from north end of Highway 14
bridge with water level at approximately 750' m.s.l., wave
action erosion visible to high water mark at approximately
778'; photographed early summer, 1974.

Fig. 5. Same view as in Fig. 4 at conservation pool level approxi-
mately 728' m.s.l., showing remnants of trees in former
site of the community of Red Rock; photographed summer, 1975.
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soil layers over Pennsylvania age shale deposits may cause more exten-
sive bank stabilization problems.

All trees were cleared in Saylorville Reservoir up to elevation 860
msl. Selective clearing of the least water tolerant trees in high visa-
bility areas was conducted up to elevation 870 msl, This is a signifi-
cant departure from the clearing done at the other reservoirs. However,
no observations of vegetative impacts have been made, since the reservoir
only went into operation in 1977. Test plots located in Jester Park at
various elevations have been carefully inventoried so data on tree re-
sponses can be observed during the next few years.

Spring flooding in 1979 resulted in a peak water surface elevation
of 883.75 msl, The lower portion of the Ledges State Park, initially
flooded on March 1979, was inundated for about 30 days. The impacts of
this flooding will be carefully followed during the next few years,

In summary, the vegetative impact in two of the three reservoirs has
been severe because of extremely high flood waters of sufficient duration
to kill significant numbers of trees. In Red Rock and Coralville the
first high flood was less damaging than the second, during which time
extensive shoreline erosion occurred, in part due to weakened vegetative
cover. Stands of small trees of cottonwood and willow that might have
survived had they been large were killed by the 1973 inundation at Red

Rock.
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3.4. Successional Compartments

pe——r -

Our understanding of reservoir shoreline vegetation response is a
synthesis of the qualitative observations made at Coralville, Red Rock,
and Rathbun Reservoirs over the past ten years, the small amount of
information available in the literature and the basic principles of the

field of plant ecology. It can be summarized as follows:

1. At any site on the reservoir shoreline the vegetation is under-
going succession.

Figure 16 shows a block diagram of the general pattern of succession
in central Iowa's reservoirs. Some of the common species in each of the
general ecological groups shown in Fig. 16 are identified in Table 2.

Since none of the reservoirs in central Towa are older than twenty
years, it is obvious that the sequence in Fig. 16 has not been observed
to completion, However, other studies of succession in central Iowa
have noted the same general pattern, including the species composition
of the several stages (Warner and Aikman 1943).

Note in Fig. 16 that both the herbaceous and water tolerant tree
branches of the successional pattern can be found together at the same
site. However, the importance of the two branches relative to one
another will vary with site conditions. This is discussed below,

2. At some point in this successional sequence another flood event
will occur. The site will be inundated and vegetation kill will begin,

The major killing effects of inundations on vegetation appear to

1. Saturation of the root zone preventing adequate root aeration;

!
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Therefore, the character of the seed source for early successional species
tends to be uniform over an area the size of a reservoir, and the seeds
of invading species are present in large numbers at all sites.,

However, the seeds of the longer-lived species found in the later
stages of succession are produced in smaller numbers, are larger and
heavier (more stored food), and have little or no transportation mechan-
ism, The seeds of these species are adapted for competition rather than
dispersal, In fact, it is common for species found in the later stages
of succession to reproduce primarily through vegetative means. Thus,
the later stages of succession will be most strongly influenced by the
vegetation immediately surrounding the site. A once forested site will

tend to undergo a forest succession after damage by inundation due to

the influence of the undamaged forest upslope, A site previously in

grassland or pasture will tend to undergo a herbaceous succession due

to the undamaged herbaceous vegetation upslope.
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to the reservoir, season of the year, and flow forecasts on the Mississippi
River (U.S. Army 1968). Saylorville Reservoir is operated on a fixed
release schedule depending on the elevation of the water surface in the
reservoir, the inflow to the reservoir, and the available storage at Red
Rock Reservoir downstream, Thus, the storage in Red Rock Reservoir can
be treated as a feedback loop in determining the releases from Saylorville
Reservoir. A model concerned primarily with the optimum operation of
Saylorville Reservoir considering both flood damage downstream of the
reservoir and the environmental impact at the Ledges State Park was
developed, The feedback from Red Rock Reservoir was included in order
to predict the water levels in Saylorville Reservoir more accurately.
The environmental impacts on the vegetation at the Ledges State Park is
a function of the depth of flooding, the length of time flooding occurred
and the time of year that flooding occurred. A conflict between environ-
mental impacts in the Ledges and economic benefits from flood damage
reduction downstream exists, since minimizing the environmental impacts
would require that flood waters be released as rapidly as possible which
would increase the flood damage downstream, The optimization model
developed in this research is capable of determining the reservoir release
rates that will minimize downstream flood damages subject to various

levels of environmental concern.

4,1.1. Optimization Model Formulation

The objective of the model is to determine the changes in the flood
damages associated with varying the flood operations of the Red Rock =

Saylorville Reservoir system in order to gain certain environmentally
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This form is a generalization of the classic Lotka-Volterra model of
biological growth (Odum 1971).

Each of the terms in Eq. (8) is a specific type of interaction as
shown in the system diagram (Fig. 20).

The term:

a. . x. (9)

3 b T 5

represents the intrinsic growth of the compartment that would occur in

an isolated environment with unlimited resources (Odum 1971). The term:

&

”biixi (10)

represents the growth limiting effects of intraspecific competition that
would occur in an isolated environment with limited resources (Odum W F AR
Obviously, the reservoir vegetative compartments are not isolated from

one another, so terms having the form:

aijxj (11)

represent the growth forcing dependancy of Compartment i on Compartment j.

Finally, terms having the form:

—

ijxixj (12)

represent the growth limiting effects of interspecific competition, shade,
and soil organic matter (Odum 1971; May 1973; Smith 1974).

Note that for a given compartment many of the coefficients in the

generalized equation are zero. This can be seen by studying the compart-

ment interactions shown in Fig. 20.




SOIL ORGANIC MATTER

Fig.

20. Succession model block diagram.

INITIATION

2
+ + A+ A+ + [_ At }_ + i
CFL Tl
| 1 1"2' 5 o> +77* +9 : -!-—L 10|
BARE SHORT- | *| LONG- YOUNG L ¥ | MATURE
shoiND. Lh RNIALS | i} BTENNARLS LIVED LIVED || FOREST | | FOREST | | FOREST
PERENNTAL << PERENNIAL | | TREES HERBS TREES
| HERBS HERBS |
5 - + A- A- A A- AT AT
L i
3 | \F
WATER
TOLERANT ] SHADE
5| TREES 1
T 5]
% INDICATES POSITIVE EFFECT ON GROWTH
———>  INDICATES NEGATIVE EFFECT ON GROWTH
———TD>  INDICATES A THRESHOLD LEVEL FOR GROWTH

8S




59

A refinement to the basic equations permits threshold effects to be
included in the model. Consider Compartment 7 (long-lived perennial
herbs), for example, which might have the following terms incuded in its

growth equation:

fgoXy = Dy 19%y%19 (13)

Rewriting these terms gives:

a (1

77 (L= ey 19%19) Xy (14)

Cr.120 b7,12/a77

Growth can be delayed in this compartment until a threshold level is
reached in Compartment 11 (soil organic matter) by substituting f(xll)

%
for a77 such that:

i %
0 = G xll T

fx..) = (15)
o a L x=s. =L
77 11 —
In other words the intrinsic growth coefficient for Compartment 7
is a step function of Compartment 11. To be more realistic the modified

coefficient f(x,.,) should not be a step function but rather some unknown

1Ll
continuous function. A discussion of this concept is presented by
Wiegert (1974). However, the amount of data available at this time 1is

not sufficient to define a more exact formulation, and step functions

are used in this model.
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FLOOD SEVERITY INDEX, SOF

0.0¢ | | _|
0 5 10 15 20

DEPTH, FEET
DURATION, WEEKS

Fig. 21. Relationship of flood severity to depth and duration of flooding.
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CORALVILLE RESERVOIR
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Fig. 23. Model calibration run, Coralville Reservoir, Transect 1, elevation 698,
herbaceous plants,
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by a fairly stable population of young, water tolerant trees and a cyclic
pattern of weedy herbaceous succession occurring under the influence of
frequent flooding. These simulation results are considered to be fairly

good representations of the actual vegetation response observed at this

site.
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Table 3. The date, volume, and peak flow of the ten largest flood events
on the Des Moines River at Stratford, Iowa.

Historical Events Peak Avg
Date of Volume Weekly Flow

Number Occurrence (acre-feeta) (ft3fsec)
1 April 1944 1,685,383 18,229
2 March 1945 30 e 12,333
3 April 1947 1,757,760 v
4 March 1951 2,969,980 23,529
5 June 1954 1,004,640 27,514
6 April 1960 1,024,827 18,157
7 April 1961 754,931 17,426
8 May 1962 2,359,207 23,371

9 April 1965 2,289,705 43,157 i

10 April 1969 2,989,973 21,100

aNote: 1 acre-=foot = 1,233 cubic meters
1 ft3/sec = 0.028 m3/sec

other studies (Environtology Council 1973) have shown that significant
damage to the Ledges State Park will occur when the water level is main-
tained above 870 msl for extended periods of time. This penalty
encourages the solution to minimize the length of time the reservoir
level would be above the target level, 870 msl.

Table 4 shows the characteristics of the optimum policies developed
for each flood analyzed. The policy cost represents the flood damages
incurred downstream of Saylorville Reservoir, with the zeroes indicating
no flood damage occurred. 1In all cases good flood wave attenuation was

realized.




L

Table 4. Summary of optimal policies using no penalty.

Maximum Water

Peak Peak stored at Time Target Policy
Event Inflow Outflow Saylorville is Exceeded Cost
Number (cfs) (cfs) (acre-feet) (weeks?) (S)

1 18,229 135310 238,790 18,485
2 12,333 11,063 106,958 0
3 21,171 13,766 271,748 22,873
4 23,929 L7271 436,538 100,847
5 27,514 10,956 370,622 0
6 18,157 9,975 205,832 2,279
7 17,426 10,305 172,874 0
8 23,371 15,940 304,706 68,926
9 43,157 16,167 667,224 46,229
10 21,100 16,353 337,664 95,380

—

aTarget level is at elevation 870 msl.

Table 5 summarizes the results of the analysis using the environ-
mental penalty. Since the penalty was involved only when the reservoir
level rose above the target level of 870 msl, only Events 4 and 9 should
be influenced. This in fact results, The penalty function was able to
reduce the time above the target level to zero and four weeks for events
L and 9, respectively, This was not accomplished, however, without an
increase of 26 and 285% in the flood damages downstream for Events 4 and 9,

Tespectively.
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Table 5. Summary of optimal policies under the environmental penalty.
Maximum Water

Peak Peak Stored at Time Target Policy

Event Inflow Outflow Saylorville is Exceeded Cost
Number (cfs) (cfs) (acre-feet) (weeks?) ($)

Historical

i # 18,229 13310 238,790 18,485

2 12333 11,063 106,958 0

3 2% L7 13,766 271,748 22.673

4 23,3529 17271 370,622 7 A8 41 .

5 27,514 10,956 370,622 0

6 18,157 9,975 205,832 2,219

7 17,426 10,305 172,874 0

8 23 371 15,940 304,706 68,926

9 43,157 18,540 535,412 177,881

10 21,100 16,352 337,664 95,380

e

aTarget level is at elevation 870 msl.

Vi

Vegetative Succession at Saylorville Reservoir

operation policies (Fig. 25).

and the maximum release policies.

represent one of the Corps of Engineers design proposals.

Claassen (1976) gives flood routings for three different reservoir

These are the 12,000 cfs, the 16,000 cfs.

The 12,000 cfs policy is intended to

The maximum

release policy is intended to represent the policy advocated by environ-

mental groups concerned with protection of the Ledges.

The 16,000 cfs
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policy is intended to represent the comp£§mise policy that was agreed
upon.

Simulation results are presented for all three operational policies
so that relative impacts can be assessed, Any predictive statements
concerning future shoreline conditions at Saylorville are made on the
basis of the 16,000 cfs routings, as these routings most closely approxi-
mate the manner in which the reservoir will actually be operated.

It is important to note also that the following simulation results
are inseparably linked to the historical flows of the Des Moines River.
If a different sequence of flood events had been input into the model
a different pattern of vegetation development would have been shown. The
simulation results represent only one permutation of what is actually a
stochastic process. This argues that the pattern of vegetation develop-
ment can only be assessed probabilisticly through many simulations with
many possible flood sequences. Unfortunately, the necessary flood
sequences could only be obtained from sets of synthetic streamflows, and
the technique for generating a realistic set of synthetic streamflows is
not available,

However, the long~term pattern of reservoir shoreline vegetation is
primarily determined by large floods, such as the 1965 flood occurring
in year 17 of the following simulations. Even though these large flood
events have a low probability of occurrence in any one year, there is a
high probability that such an event will occur sometime in the life of
the reservoir. Thus, some generalizations about the long-term vegetative
effects at Saylorville can be made on the basis of the 1965 (year 17)

flood.
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elevation 865 msl, 12,000 cfs release.

Table 6, Flood data, Ledges
Avg Depth
Years Year Date Days (EE)
3 1951 Apr 1-May 8 39 6.0
6 1954 Jun 21-Jul 9 18 6.0
12 1960 Apr 1-3 3 2 k)
12 1961 Mar 28-31 4 Ls D
13 1962 Mar 27-Apr 16 20 7.0
14 1962 Sep 1-2 2 0.3
17 1965 Apr 3-May 6 35 11.0
21 1969 Apr 13-May 7 25 5 (L)
M 1969 Jul 11-17 7 0.5
Table 7. Flood data, Ledges elevation 865 msl, 16,000 cfs release.
Avg Depth
Years Year Date Days (ft)
3 1951 Apr 1-19 20 2a0
6 1954 Jun 21-Jul 3 13 5.0
12 1960 Apr 1-3 3 2,0
12 1961 Mar 28-31 4 |
13 1962 Mar 27-Apr 4 9 2.5
14 1962 Sep 1-2 2 0.3
17 1965 Apr 3-May 4 33 10.0
21 1969 Apr 13-22 10 1,5
21 1969 Jul 11-17 7 0.5
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Table 8. Flood data, Ledges elevation 865 msl, maximum release.

Avg Depth

Year Year Date Days (ft)
3 1951 Apr 1-13 13 2.0
6 1954 Jun 21-30 10 9.0
12 1960 Apr 1-3 3 2.0
12 1961 Mar 28-31 4 ) [
13 1962 Mar 27-Apr 4 9 2
14 1961 Sep 1-2 2 0.5
17 1965 Apr 3-May 1 29 950
21 1969 Apr 13-22 10 ) [l
21 1969 Jul 11-17 7 0L

5.2.1.1. 12,000 cfs Release. Figures 26 and 27 show the model

simulation results for the 12,000 cfs alternative, They show a gradual
decline in the integrity of the forest. Substantial tree kills are
shown to occur, opening the canopy and allowing the invasion of weedy
herbaceous species.

The importance of the water tolerant trees 1is shown to increase
again toward the end of the simulation, This indicates the establish-
ment and growth of new individuals., The character of this growth would
be dense, low, and shrubby, a substantial change from the original flood

plain forest.

5.2.1.2. 16,000 cfs Release, Figures 28 and 29 show the simulation

results for the 16,000 cfs alternative, These results show damage, but
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Table 9. Flood data, Ledges elevation 870'msl, 12,000 cfs release,
Avg Depth
Year Year Date Days CEE)
3 1951 Apr 8-27 20 2.0
6 1954 Jun 21-Jul 3 13 250
17 1965 Apr 5-May 2 28 9.0
21 1969 Apr 18-29 12 <70
Table 10, Flood data, Ledges elevation 870 msl, 16,000 cfs release,
Avg Depth
Year Year Date Days (ft)
6 1954 Jun 21-27 7 2.0
17 1965 Apr 5-May 1 26 7.0
Table 11, Flood data, Ledges elevation 870 msl, maximum release.
Avg Depth
Year Year Date Days (ft)
6 1954 Jun 21-25 5 4.0
i 1965 Apr 5-26 22 6.0
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Table 12. Comparison of estimated vegetation zone elevations in Coralville and Saylorville reservoirs.,

Coralville i Saylorville 5
Elevation Return Intervalsa Elevation Return IntervalsP
Zone (msl) (yr) (msl) (yr)
1 < 695 % A 7 < 850 < B
2 695-700 1.7=2.5 850-870 6=20
3 700-705 2 H=3:3 870-880 20+~30
4 705-710 3.3-10 880-885 30-40
5 = 10 > 10 > 885 > 40

%See the Appendix, section 11.2,

bSee Claassen (1976).
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tree species and a dense tangled uhderstory of the early succes-

sional forest herbs and shrubs., An originally pastured site in

this zone will be dominated primarily by short-lived perennial

herbs.

@ Zone 4, In this zone inundation is mild enough to allow good

[
{

survivorship of trees and some survivorship of the long-lived
perennial herbs. The vegetation of sites in this zone will be
similar in character to the original vegetation, but the effects
of flooding will be evident by the invasion of weedy species.

© Zone 5, In this zone inundation is mild enough that the original v

vegetation is essentially undamaged.

Table 12 shows’ the approximate elevations of these zones for both
Coralville and Saylorville. The zone elevations shown for Coralville
were determined primarily from field observations while those shown for
Saylorville were determined from simulation results, Table 12 also com-
pares the return interval (l/frequency) of flooding at the various zone

elevations.

The return intervals of flooding at the zone elevations do not

compare well, This reflects the differences in size, operation, and 1
|
1
hydrologic regimes between the two reservoirs. This also reflects the ,

fact that frequency of flooding is only one of the major variables affect-
:

ing vegetation response, !
The zone elevations in Coralville and Saylorville can also be com-

pared by expressing zone elevation as percent full flood pool, This 1

expression is obtained by taking the following ratio: |
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% Full Tlood Pool Elevation =

Zone Elevation - Conservation Pool Elevation
Full Flood Pool Elevation - Conservation Pool Elevation

x 100

Zone elevations expressed in this manner are compared in Table 13,
A fairly good agreement between the two reservoirs is shown. It might
be possible to set forth some rules-of-thumb concerning the long-term
vegetation development in Iowa flood control reservoirs using percent of
full flood pool to define the vegetation zones,.

It should be noted that at the present time the vegetation zones at
Red Rock Reservoir do not conform to the percent full flood pool ranges
shown in Table 13. The unusually severe flood of 1973 left essentially
only two zones at Red Rock, 100% kill and no kill, Any shoreline vegeta-
tion presently existing within the flood pool is a result of succession
from bare ground, particularly on the sloping valley walls. The only
exception is the flood plain area in the vicinity of the Runnells' high
bridge crossing and between this location and the upstream part of the
flood pool at Des Moines. Within this reach there is a transition of
complete to partial to good survival of the more flood-tolerant species
of forest habitat in that part of the reservoir where inundation was less

severe and the large trees are only partially submerged.
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Table 13. Comparison of zone elevations at Coralville and Saylorville
expressed as percent full flood pool.

Percent Full Flood Pool

Zone Coralville Saylorville
1 < 41 % 30
2 41-59 30-65
3 59-81 65-82
4 81-93 82-91

5 #'93 > 91
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6.2. Red Rock Reservoir Program

The game management program is being run by the Iowa Conservation
Commission according to agreements with the Corps of Engineers. Many of
the stipulations of the agreement have been established by federal regula-

tions stemming from congressional authorization for this program, A

total of 25,542 acres is under Commission management. Of this, 10,000 |
acres are being planted annually, depending on actual spriﬁg and early “
summer pool elevations. |
According to the terms of the agreement between the Commission and }
the Corps, the Commission has the right to manage this land primarily |
for the benefit of wildlife. Management includes the decision as to $
which crops are planted in which fields, maintenance of cover, and many
other factors that will be discussed later in this report, The right to }
plant a crop in a given field is contracted to a specific farmer, usually ?
the individual from whom the land was purchased in the land acquisition ‘
process for the reservoir, Such a farmer is fenting the land for agri-
cultural cropping purposes only and must not prevent the public from
legally using this land.

All costs of administering the program are the respomsibility of

i —

the Commission. Each farmer (cooperator) pays all costs of crop produc-

e

tion and harvesting., As part of the land rental agreement, five percent
of the crops (by rows) are left in the fields. Of the remaining 95%, all
is harvested, with farmers receiving 70 to 90% of the crop and 5 to 25%
going to the Commission., The portion going to the Commission is either

sold at grain elevators or purchased by the farmers who raised and

|
|
|
|
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with the farming practices designed to enhance such development of the

area.

6.4, Program Success

Interestingly, the success of crops has generally been opposite to
that of upland areas, In years that rainfall is plentiful and upland
crops are quite successful, the crops planted in the flood plain are
flooded or no crop can be planted, However, in dry years crops generally
do quite well in this reservoir flood plain. The program has been in
effect since 1968 at Red Rock., During the first years of the program,
flooding due to a series of unusually wet years generally resulted in no
appreciable crops. However, conditions changed in 1974 as weather in
central Iowa shifted toward drier conditions which culminated in a
severe drought in 1976 and 1977. Table 14 shows the income of the Con-
servation Commission for the years 1974-1977, The data for 1977 are
only preliminary. It is interesting to note that the entire area planted
with crops has been flooded every spring except for the spring of 1977,

Table 14, Conservation Commission income from their portion of crops
raised in the Red Rock Reservoir flood pool flood plain.

Year Income (in $1,000)
1974 9
1975 135
1976 195

1977 70-100
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Table 16, Yields of several crops grown in the flood pool flood plain
of Red Rock Reservoir.

Crop Yields, bushels/acre

Year Corn Soybeans Sorghum
1975 100-120 30 (weed problem) 90-110
1977 50-60

end of June. This continued until August when the drought was relieved
as Iowa experienced the heaviest rainfall of any month on record. However,
this was too late to significantly improve crop yields, These heavy
August rains resulted in sufficient runoff toward the end of the month

so that the Red Rock Reservoir pool elevation raised from the normal con-
servation pool elevation of 725 msl to a high for the year of 733 msl

on August 30, 1977. This was high enough to flood the lowest 400 to 500
acres of the 10,000 acres under cultivation, However, the pool level
decreased with little resultant effect on the crops which were later
harvested. As pointed out earlier, the entire area under cultivation

has been flooded every spring except for the spring of 1977, Thus, if
pool elevations decrease early enough in the season, farming these lands
can prove quite profitable, and becomes a part of total reservoir manage-
ment .

In addition to the agricultural success of the area, the game manage-
ment aspect has also been quite successful. During migration periods,
from 25,000 to 35,000 ducks and geese have stopped in the area before
continuing their flight. Many remain for the winter. In years that

unsuccessful crop production results in insufficient food, the birds
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pass by. The management program has also helped other wildlife, There
have been much larger numbers of various game animals than in surrounding -
areas. This is especially true of quail, pheasants and deer. As a

result, this area has become a very popular public hunting area,
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at Saylorville Reservoir, as a coordinatkd project among the Corps of
Engineers, the Iowa Conservation Commission, other affected or interested
State resource agencies, and the state universities,

The management of flood plains within the flood control pool through
regulated agricultural use, for wildlife and waterfowl sustenance, appears
to have considerable merit and probability of success., This is a very
desirable alternative to allowing the natural vegetative succession to
occur after inundation kills existing vegetation, Such a management
program can be an important program for the mitigation of the effects of
such flood control reservoirs, and retains a good measure of agricultural
production capability on these lands.,

Although success of raising crops and providing a resting area for
migrating waterfowl cannot be guaranteed every year, the years of success

are quite beneficial. Such a program returns land to production that

would otherwise be of little use. This can result in retaining an impor-
tant economic stimulus to the region encompassing the reservoir. In

addition, habitat and food are provided for wildlife to help increase |
their numbers. Such an area can be used as a public hunting area, a

wildlife refuge, or a combination of the two, thereby resulting in

——— - ——— ..

increased beneficial use of a flood pool area,

The success of the farming of portions of the flood pool at Red
Rock Reservoir indicates that agricultural production should be one
management alternative to be considered in these areas. The appearance
of a corn or soybean field is often more aesthetically pleasing than a

field of ragweed, smartweed or goldenrod. However, for better manage-

ment of these areas there needs to be a reevaluation of the use of funds

- : SR TSNS
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selected herbaceous and forest cover, improving forest and herbaceous
cover in all reservoir lands, and other improvements of a real or aesthetic
nature. Revision of present policies and limitations on expenditures is
recommended.

The study well illustrates the importance of reservoir management.
The results and recommendations, if carried out fully and effectively,
will do much to regain public confidence in a resource area where public
support has waned or disappeared. Multipurpose reservoir development,
which includes a greater proportion of water supply (such as Rathbun
Reservoir) and thereby limits the amount of vertical fluctuation, is
another alternative worthy of consideration, This has measurably reduced
the visual impact along the shoreline of the conservation pool, where
most water-borne outdoor recreation takes place. It thereby minimizes
the cost of environmental mitigation as well, Such additional alternative
program and cost evaluation should be made for any new proposed reservoirs,
particularly in the midwest where fluctuating pools have been so acces-

sible and visible to the public,
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11,1 Vegetative Simulation ngel

Program Listing




Ceo oo ovccenece VEGSIMe VERSIDNL, JAN 1977 WeFe RIDDLE scsvese

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
=
C
C
C
C
E
Cc
C
C
C
&
C
c
C
C
C
C
C

PROGRAM DESCRIPTION-

VEGSIM IS A COMPARTMENTAL SIMULATION MODEL OF THE
VEGETATION DEVELOPMENT ALONG THE SHORES OF FLOOD
CONTROL RESERVOIRS IN I[0wWA.

DEFINITION OF VARIABLES.
DATA BLOCK VALS-

C{I)— COMPARTMENT IMPORTANCE VALUES
DERC(I)- TIME DERIVATIVE OF C(I)

COEF(1)— COEFFICIENTS OF THE SYSTEM OF DIFFERENTIAL

EQUATIONS DESCRIBING C{(I) AND DERC(I)

DATA BLAOCK YRVAL
CYR(I.Y)—~ YEARLY STORED VALUES OF C(I)
DERYR(1.Y)— YEARLY STORED VALUES OF DERCI(1)
COFYR(IsJsY)—- YEARLY STORED VALUES OF COEF(I,J)

DATA BLOCK PRAMS-
A(I)- VALUES OF A SUBSCRIPT II IN EQUATIOJS
RED(IsJ)- VALUES DOF C SUBSCRIPT IJ IN EQUATIONS
TO(XI)—~ SOIL ORGANIC MATTER THRESHOLDS
TS({(I)~- SHADE THRESHOLDS

DATA BLOCK FLD-
IYOF—- YEAR A FLOOD OCCURS
ISF—- COMPUTATION STEP A FLOOD STARTS
[EF- COMPUTATION STEP A FLOOD ENDS
DPTH— AVERAGE DEPTH OF FLOODING
DUR- DURATION OF FLOODING IN WEEKS
TSF— TIME A FLOOD STARTS IN WEEKS FRCM APR. 1
TEF— TIME A FLOOD ENDS IN WEEKS FROM APR., 1

O%T1




OO OO0 N A0

OO O

CONTROL VARIABLES-

T— VALUE OF TIME IN YEARS

L—- STEP COUNTER SHOWING THE NUMBER OF COMPUTATION

STEPS SINCE THE BEGINNING OF THE YEAR

NSTEP— THE NUMBER OF COMPUTATION STEPS PER YEAR

DELT— TIME INCREMENTY OF EACH COMPUTATION STEP

Y- YEAR COUNTER

N- STEP ON WHICH VALUES OF Cs DERCs AND COEF ARE
TO BE SAVED

STPWK— NUMBER OF COMPUTATION STEPS PER WEEK

MISCELL ANEOQUS VARIABLES-
SLOP—- SITE SLOPE
LABEL—- COMPARTMENT LABELS

FEFEFETFEXEEF 2%k PROGRAM LISTING 22k x %X X SR FF kT ERX k%

DIMENSION C(12)sDERC(12)sCOEF{125s13)sCYR(12+50):DERYR(12,50) COFYR
*¥(125s13+50)LABEL(12»5):,A(12)sRED{12512),T0O0(12),TS5(12)
INTEGER Y

COMMON YT

COMMON/VALSY/ CsDERC sCOEF

COMMON/YRVALY CYRSsDERYRCOFYR
COMMON/7PRAMSY/Y A,REDsTO,TS

COMMON/NAMES/ LABEL

COMMON/FLD/ IYOF  ISFs IEFsDPTHsDURssTSFTEF

CCMMON/FLCD/ DELT L »SLOP,STPWK
COMMCN/NSTP/ NSTEPsN

— READ IN INITIAL VALUES OF C.DERCs AND COEF
— READ IN PRAMS

— READ IN CONTROL VARIABLES

- READ IN LABELS

— READ IN SITE SLOPE

7T




C — READ IN DATA FOR FIRST FLOOD

READ(S5,1) (C{I)sI=1,12)

1 FORMAT(12FS.2)
READ{S,2) ((COEF(15J)5J=1513)s1=1.12)

2 FORMAT(13F6.3)
READ{Ss2) (A{I)s(RED(IsJ)»J=1,12)s1=1,12)
READ(S+40C) (TO(1)51I=1,12)
READ(S55400) (TS{(I)sI=1,12)

400 FORMATI(12F6.3)

READ(Ss3) DELT,TMAXsNsNSTEP

3 FORMAT({F6.435XsFB8e3:5Xs1I3:,5Xe14)
READ(S+5S) ((LABEL(I+J)9J=1:5)-1=1,512)

S FORMATI(5A4)
READ(S:,6) SLOP

6 FORMATI(F4 .2)
READ(S+7) IVYOF,TSF+TEF+:DPTH«DUR

g FURHAT(IZ:5X'F4-I15X1F4-I-SX1F4-115X1F4-l]

Al

= WRITE THE ABOVE DATA AS A CHECK

alalNg

WRITE(6,8)
8 FURHAT('O'-ZX-'YE&R'110X|'CDMPARTMENT'ilﬁx:'VﬁLUES'13QXt'HATRIX VA
*LUES* )
WRITE(6,:9)
9 FORMAT("0",4X,"0")
DO 11 I=1,12
WRITE(6.10) II[LABEL(I!L"L=llSIiC¢I}1(CUEF(IiJ)IJ=11131

10 FORMAT( * '|IGX!12:IX|5Q4-4XTF5-I193113(F5-211x13
11 CONTINUE

DO 600 I=1,12
WRITE(6:500) I+A(I)(RED{IsJ)sJ=1,512)

S00 FORMAT(°0® » *COMPARTMENT* ;12 ,* PARAMETERS ARE®",13(1X,F6.3))
600 CONTINUE

WRITE(65700) (TO(I)el=1,12)

L il .l H [ P — T T L - L
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700 FORMAT(®*0*'s"0ORGANIC MATTER THRESHOLDS ARE"® 4SXs12(F5.2))
WRITE(6,800) (TS(I)sI=1,12)
800 FORMAT("0"®,* SHADE THRESHOLDS ARE®+5Xs12(FS5Se2))
WRITE(6,12) DELT sTMAX,Ns NSTEP
12 FCRMAT(*0°®+*DELT=" s F5e3:s3X, "TMAX="? s FS5a2¢3Xs"N=9%, [I2:3X+*NSTEP='",12)
WRITE(6,14) SLOP
14 FORMAT(®"0',"SLOP= ' ,F4.2)
WRITE(6+:15) IYDF.TSF+TEF+«DPTHsDUR
15 FORMAT('0',*FIRST FLOOD PRAMS ARE IYDF=%,312+3Xs*'TSF="sF4.1+3X,"'TE
AF=",F4:13s3Xs'DPTH="35F4¢:15 3X, 'DUR=? ,F4,1)

- INITIALIZE THE VALUES OF T, Y AND L

r"-lf-l
o = O

i

- COMPUTE ISF AND IEF

STPWK=FLOAT(NSTEP)/52.0
ISF=TSF*STPWK+0.5
IEF=TEFXSTPWK+0.5
IF(ISF-NENSTEP) GO TO 16
ISF=0

IYOF=1IYOF+1

— WRITE STPWKs ISFs AND IEF AS A CHECK

16 WRITE(6,200) STPWKs ISFsIEF
200 FORMAT("0","COMPUTATION OF FLOOD STEPS! SXs 'STPWK="3F4,2:3Xs*'1SF="
¥ [ 2:3Xs"IEF=",12)

— CALL SUBROUTINE MATIX TO COMPUTE THE
NECESSARY CHANGES IN COEF

7T




el s NalNa

SO 00

OO0 0N

AOo0On o

-
N A I

20 CALL MATIX

25

30

. S .
R S ——— B = s ¥ L & — = - i e s 2l S s e, -

— USING THE SYTEM OF DIFFERENTIAL EQ-
ATIONS, COMPUTE DERCI(I)

DO 30 I=1,12
DERCI(I)=0.0
DO 25 J=1,12
DERC(I)=DERC{I)+COEF(I,J)%C(J)
CONT INUE
DERCI(I)=DERC(I)+COEF(1,13)%C(I)*C(1)
CONTI NUE

— ONCE A YEAR AT L EQUAL TO N SAVE THE VALUES
OF C(1I)+DERC(I)s COEF(1:J)e

IF(L.EQsN)CALL SAVE

— INCREMENT TIME AND CHECK TO SEE IF SIM-
ULATION TIME HAS RUN OUT

T=T+DELT
ISTOP=(TMAX-T)*FLOAT(NSTEP)
IF(ISTOP.EQsO0) GO TO S0

= INCREMENT STEP COUNTER AND CHECK TO SEE 1IF
A YEAR HAS EL APSEDe. IF SOs INCREMENT YEAR
COUNTER AND RESET Le

L=L+1
IF(L-EQeNSTEP) GO TO 34
GO TO 3S
Y=Y&1
L=0
= CHECK TO SEE IF A FLGOD EVENT QOCCURS

771




C IN THIS TIME STEP.
C

35 IF(Y«NE.IYOF) GO TO 36
IF{L.NE.ISF) GO TO 36
WRITE(6s100) TslLsY
100 FORMAT(®0"," TIMES — MAIN PROGRAM® 35X sFSe29s5X+12:5X+s12)
CALL FLOOD
WRITE(6s100) Tel,Y

GO TO 20
&
C —~ COMPUTE THE NEW VALUES OF C
C
36 DO 40 I=1,12
C(I)=C(I)+DERC(I1)*DELT
40 CONTINUE
GO T0O 20
C
C — WHEN T EXCEEDS TMAX CALL THE SUBROUTINES
C PLOUT AND PROUT TO PRODUCE AN OUTPUT
&

SO0 WRITE(65300) YT
300 FORMAT{*0*,*STMULATION ENDING"'"+sSXsI2¢5XsF6e3)
CALL PROUT
CALL PLOUT
STOP
END
C--i‘.-.--..'-..'l SUBRDUTINE SAVE 4 28 99 9@ 089 95 e e 0O 90 PEew

JOB8 DESCRIPTION -

SAVE TAKES THE VALUE OF C(I)s DERC(I). COEF{IsJ) ONCE
A YEAR AND STORES THESE VALUES IN A SEPARATE ARRAY.

&k kkkkkkkkkkkE SUBROUTINE LISTING ®kkk&k®kk&kk

OO OHODO
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SUBROUT INE SAVE

DIMENSIGN C(12),DERCI{12)sCOEF(12513)sCYR{(12:50)+sDERYR(12+50) s COFYR
*{12,13550)

INTEGER Y

COMMODN/VALS/ CsDERCSCOEF

COMMON/YRVAL/ CYR,DERYR,COFYR

COMMON Y. T

C
& - TRANSFER THE VALUES OF Cs DERC, AND
C COEF TO CYRs DERYR,; AND COFYR.
C
DD 20 I=1.,12
CYR(IssY)=C(I)
DERYR(1IsY)=DERCI(I)
DC 10 J=1,13
COFYR(I+JsY)=COEF(1.:J)
10 CONTINUE
20 CONTINUE ~
RETURN S
END
C :
c-.-I-.IIIIllI. SUBROUTINE H‘TIX I-II-..'II.I.---I“-I.-I‘-I--
C
C JOB DESCRIPTION-
L
| & MATIX TAKES THE VALUES IN COEF AND MODIFIES THEM AC-
C CORDING TO THE SYSTEM EQUATIONS
&
CExrFExkk ke k¥ SUBROUTINE LISTING EEF AT TRFE R Ak F XA KEE kT k¥
C

SUBROUTINE MATIX

DIMENSION C(IE}rDERC(IZJrCDEF(lZ:lS!-A(lZ)-RED(12'1211T0I12):TS(12
$)

INTEGER Y
COMMON Y,T




M_e_!_g_gﬂi

COMMON/VALS/ CsDERCCOEF
COMMON/PRAMS/ A+REDsTO»TS

— BEGIN MODIFICATION OF COEFFICIENT VALUES
COEF(1s1)=A(1)
COEF(2:s2)=A(2)¥%(1 .0+RED(2,12)*%C(12))
IF(C(3)eGTe35) GO TO 10
COEF(353)=A(3)*(1.0-RED(3,11)%C{(11)-RED(3,12)*%C(12))
GO TO 20

10 COEF(3,3)=A(3)

20 COEF(4,4)=A(4)
COEF(5:5)=A(5)#%( 1 .0+RED(5¢12)%C(12))
COEF(6:s6)=A(6)*¥{1 .0-RED(6,7)%C(7)—RED(6+11)%C{11)—RED(6512)%C(12))
IF{C(11).GT.TO(7)) GO TO 30
COEF(7+:7)=0.0
GO TO 40

30 COEF(T7+7)=A(7)*(1.0-REDI(7,12)%C(12))

40 IF(C{12).GT<TS(8)) GO TO 50
COEF(8:8)=0,0
GO TO 60

S0 Z=TS(8)*1 .5
IF(C(12)GTeZ) GO TO 55
COEF(8:8)=A(8)

GO TO 60

S5 COEF(8+8)=A(8)/3.0

60 IF(C{11)LTTO(®)) GO TO 90
IF(C{12)elTeTS(9)) GO TO 90
IF(C(9)eLT.C(3)) GO TO 70
IF(C{9).LT.C(10)) GO TO 70
COEF(9:9)=A(9)

GO 70 100

70 COEF(9s9)=A(9)%(1.0-RED(9:12)%C({12))
GO 70 100

90 COEF(9:9)=0.0

100 IF(C(11).LTTO(10)) GO TO 130

O n0n
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IF(C({12)sLT-TS{10)) GO TO 130
COEF(10,100=A(10)
GO TO 140

130 COEF(10510)=0.0

140 COEF(11.,11)=A111)
COEF(12+:12)=A(12)
RETURN
END

esvsecessssssse SUBROUTINE FLOOD esevs00s0ccesosoenevnsscscscecnsse
JOB DESCRIPTION

C

C

C

C

C

C FLOOD SIMULATES VEGETATION KILL BY REDUCING COMPARTMENT
C IMPORTANCE ACCORDING TD THE FLOOD SEVERITY INDEX AND

C THE COMPARTMENT DAMAGE FUNCTION.
C

e

C

C

C

C

C

PREVIDUSLY UNDEF INED VARI ABLES

SOF—= VALUE OF THE FLOOD SEVERITY INDEX
R—= AMOUNT OF COMPARTMENT REDUCTION

kSR XX K KKK kR SUBROUTINE LISTING * ek kkdkdkhehhkdsehas ks sdsxs

SUBROUTINE FLOOD

DIMENSICN Cll2)+sDERCI(12)sCOEF(12:13)sA(12)sRED(12+12)+T0{12),TS(12
*):CYRI12;50)-0ERYR(12-50);CUFYR{IZ:IS.sol

INTEGER Y

COMMON/FLOD/ I1YOF sISFsIEFsDPTH+DURS TSFs TEF

COMMON/VYALSY/ C+DERC ,COEF

COMMON/PRAMS/ A+REDTO-TS

COMMDN Yo T

COMMON/FLODY/ DELTsL sSLOP, STPWK

COMMON/ZNSTP/Z NSTEPsN

COMMON/YRVAL /Y CYRDERYR COFYR

871




OO

OO0 noOo0Oo0o

OO0 O

OO0

o T
-

— INDICATE FLOOD ROUTINE BEGINNING

WRITE(6,100)
100 FORMAT(*0°s"CALL FLODOD®*)

- COMPUTE FLOOD SEVERITY INDEX USING BOTH
DEPTH AND DURATION. AVERAGE THE RESULTS.

SDF=0-5*((1.0+0-82*DUR**0187)+1-lﬁ*DPTH**O-83)
IF(SOFeGT «100)S0O0F=10,0

- WRITE SOF

WRITE(6,300) SOF
300 FORMAT(®0®,'*SOF=" ,F5.2)

- COMPUTE THE PER CENT REDUCTION DOF EACH
COMPARTMENT ¢« REDUCE CPMPARTMENT VALUES.

HERBACEOUS COMPARTMENTS

R=0.25*%S0OF
IF{(ReGT el 0)R=1.0
2 Z=1.0-R
C{2)=C(2)%Z
C{S)=C(5)*%2Z
C(6)=C(6)%Z
C(7)=C(7)%Z
C(8)=C(8)*Z

— WRITE R

WRITE(65s101) R
101 FORMAT(®*0® ,*"HERBACEQUS REDUCTION =*,F4.2)

691




SB=C(3)+C(9)+C(10)
.
C WATER TOLERANT TREES
g

R=0002%SOF%x%2,76

IF‘R-GT-I-O)R=1-O

4 C{3)=C(3)%(1.0-R)

A
C — WRITE R
C

WRITE{6,102) R -
102 FORMAT(®0'+s'"WATER TOLERANT TREE REDUCTION =",F4.2)

C
G YOUNG FOREST TREES
C
R=0e05%SOF*%1 .47 >
IF(R.GT+1.0)R=1.0 g
6 C(9)=C(9)%*(1.0-R)
c .
C - WRITE R
C
WRITE(6,103) R
103 FORMAT("0°','YDUNG FOREST TREE REDUCTION ="3F4,2)
C
C MATURE FOREST TREES
C
R=0.09%S0OF*% 1.24
IF{RsGT«120)R=1,0
8 C(10)=C(10)*(1.0-R)
C
& = WRITE R
C

WRITE(6,+,104) R
104 FORMAT('0°', "MATURE FOREST TREE REDUCTION ='.,F4.2)
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aNalg)

SA=C(3)+C(9)+C(10)
MARSH PERENNIALS
R=002%SOF*%2 .06
IF(RaGYTe10)R=140
10 C(4)=C(4)*(10-R)

— WRITE R

WRITE (6,105) R

105 FORMAT{(®0°%, "MARSH PERENNI AL REDUCTION

SHADE

Z=SA/ SB
C(12)=C(12)*Z

— WRITE Z

WRITE(6.,106)2Z
106 FORMAT("0°%+'SHADE REDUCTION ='"9F4.2)

SOIL ORGANIC MATTER
R=S:0%SLOPE%2,3

IF(RaGTe1le0)R=1.0
C{11)=C(11)%(1.0—-R)

- WRITE R

WRITE(6s:107) R
107 FORMAT('0°%s "ORGANIC MATTER REDUCTION

=", F4.,2)

=", F4.2)

IST




— INITIALIZE BARE GROUND

OO0

SUM=0,0
DO 11 I=2,10
SUM=SUM+C(I)
11 CONTINUE

C

C — WRITE SUM

€
WRITE (6,108) SuM

108 FORMAT(%0%:,SUM =',F5,.2)

C
C(1)=5.,0-SUM
IF(C‘I)-LT-O-O)C(I]=0.0

=

C — MODIFICATION OF MODEL PARAMETERS L

C n
IF(C(3)+GT+2.0) GO TO 13 S
A(3)=1.0-2.0%SLOP "
IF(A(3}-LT-0.0} A(3)=0.0
IF(TEF «sGT 826) A(3)=0.0

C

C — WRITE NEW PRAMS

C

13 WRITE(65400) A(3)
400 FORMAT{(®0°*,*NEW PRAMS ARE ' s 6(5XsF5.2))

= INITIALIZE TIME AND THE STEP COUNTER TO
THE APPROPRIATE VALUES.

MO0

IF(IEF.GT.N) GO TO 14
GO TO 17

14 IF(ISFeGTaN) GO TO 17
DO 16 I=1,12




AOOO

O 06N

aEaNa)

15
16
17

18

19

20

23

CYR(IsY)=0.1
DERYR(IsY)=0.0
DO 15 J=1,13
COFYR({(1+:J,;Y)=0.0
CONTINUE
CONT I NUE
IF(IEF.LT<ISF) GO TO 18
T=T+DELT*(IEF-ISF)
GO TO 19
T=T+DELT*((NSTEP-ISFY+I1IEF)
Y=Y+1
IF{IEF.EQeNSTEP) GO TO 20
L=1EF
GO TO 21
L=0
Y=Y+1

— READ IN THE INFORMATION ABOUT THE

FLOOD .

READ(S:22) 1I1YOF: TSF+TEFsDPTHsDUR
FORMATI(IZ 995X esF 4.1l e5XesFGel 8s5XsFAa4s135XeF4el)

— COMPUTE NEW ISF AND IEF

ISF=TSF%*STPWK+0.5
IEF=TEF®STPWK+0.5
IF{ISF.NE.NSTEP) GO TO 23
ISF=0

IF(IEFsEQNSTEP) IEF=0
IYOF=1IYOF+1

— WRITE NEXT FLOOD PRAMS

WRITE(6,500) IYOF+TSFTEF sDPTHsDURs ISFs I1EF

NEXT

€ST




S00 FORMAT("0®'s*NEXT FLOOD PRAMS ARE IYOF='1I2:3X.'TSF='-F4-1:3X.'TEF=
*'|F4ili3x1'DpTH='1F4-1|3X|'DUR=':F41113X1'[SF='IIEJSX1'IEF='112]
RETURN
END
sssevesvvsseseses SUBROUTINE PROUT 0090V IDRI0VO9 09 0000 080D DSODS S
JOB DESCRIPTION

THIS SUBROUTINE TAKES THE YEARLY STORED VALUES OF
CsDERC, AND CDEF AND PRODUCES A PRINTED ouUTPUT

AXFEEFXEFEX¥k%F SUBROUTIN LISTING FEEREE Tk kb kok ok k ok kkk kk k&

OO0 OOO0Aa 0N

SUBROUT INE PROUT

DIMENSION CYR(IZ-SO]-DERYR(I2-50]-CUFYR(!Z:IB;SO):LABEL(IE:S)
INTEGER Y

COMMON Y, 7T

COMMON/YRVAL/ CYR,DERYRS,COFYR

COMMON/NAMES/ LABEL

— PRINT HEADINGS

o i M

WRITE(6,1)

1 FURHAT('O'.2X:'YEAR':IOK-'CDMPAR?MENT'.IOX:'VALUES',39X.'HATRIX VA
*LUES")

= PRINT THE OUTPUT

&) 1

DO 30 K=1,Y
WRITE(6.,5) K
S FORMAT(?0",3X,12)
DO 25 I=1,12

WRITE(6+10) I!{LABEL{IiL)1L=115)|CYR(I:K)1(CDFYR(I!J!K)|J=ltl3
%)

T . ML IR T ot
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10 FORMAT(® ®4310XsI12:1Xs5A434XsFSa1+9Xs13(FS5e2s1X))
25 CONTINUE
30 CONTINUE

RETURN

END

ecs coovnosososeceoe SOUBROUTINE PLOUT ececeseoscceccecoevsosencsscsnsscocr

JOB DESCRIPTION

THIS SUBROUTINE TAKES THE YEARLY STORED VALUES OF
C AND CDEF AND PRDDUCES A PLOTTED 0OUTPUT

PREVIOUSLY UNDEF INED VARIABLES

SIMPLOTTER PARAMETERS
MODE- GRAPHING STYLE
XSIZE—- LENGTH OF X AXIS
YSIZE—- LENGTH OF Y AXIS
XSF— X AXIS SCALE FACTOR
XMIN-— MINIMUM X VALUE
YSi— Y AXIS SCALE FACTOR 1
YS2 Y AXIS SCALE FACTOR 2
YMIN—- MININUM Y VALUE
XLAB— X AXIS LABEL
YLAB— Y AXIS LABEL
GLAB— GRAPH LABEL
ISYM- SYMBOL CODE

GGT

OTHER VARIABLES
NFLDS— NUMBER OF FLOODS
FLDS(1I)- YEARS THAT FLOODS OCCUR
STRING AND STR2—- A SITE LABEL PRINTED ON GRAPH
XDATA AND YDATA— COORDINATES OF POINTS TO BE PLOTTED
SUM(K)— SUM OF IMPORTANCE VALUES IN ANY YEAR K




C
Cxx &k kkkkkkkkx SUBROUTINE LISTING R R L E s E R LR SR TR L T
C
SUBROUTINE PLOUT
DIMENSION CYR(lZ-SO).DERVR(12.50)1COFYR(12-13.501,LABEL(IE.S).ILAB
*{SF:XLAB(S);YLABI(S):YLABZISJ-GLABI{S)1GLABE(S)-XDATA(SO];YDATA{SO
#l.SUM(SO).FLDS(SOI.STRING(SJ-STRZ(S)
INTEGER Y
COMMON Y.,T
COMMON/YRVAL/ CYR:DERYR.COFYR
COMMON/NAMES/ LABEL

— READ THE PARAMETERS NEEDED FOR THE
SIMPLOTTER

e T

READ(S,1) "DDE:XSIZE:YSIZE:XSF.XMIN*YSIiYNIN-YSZ
1 FORMAT(I&4,7{F7.3))

READ(S5,2) (XLAB(I)*I=115’t(YLﬁBl(I)-I=lr5}1(YLA82(I}|I=115j1{GLABI

$(l)!l=l15)|(GLIQ82(IJ-I=1'5’
2 FORMAT(20A4)

READ(S,3) NFLDS 4
3 FORMAT(I?2)

READ( S, 4) (FLDS({(I)»I=1sNFLDS)
4 FORMAT(20(F4s+1))

READ(S5,6) (STRING(I)s1I=1,5)

READ(Ss6) (STR2(1),I=1,5)
& FORMAT(5A4%)

96T

— BEGIN FORMING THE REST OF THE PARAMETERS
TO PLOT THE FIRST COMPARTMENT

sl aNalg!

ISYM=2

NPTS=Y

X=0.0

DO 'S K=14¥
X=X+1.0

= " r— S S— e
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XDATA(K)=X
S CONTI NUE
DO 10 K=1.4Y
YDATA(K)=CYR(2sK)
10 CONTI NUE
DO 1S L=1+5
ILAB(L)=LABEL(2,L)
1S CONTI NUE

- PLOT THE FIRST COMPARTMENT

OO0

CALL GRAPHINPTSs XDATA;YDATAs4 sMODE e XSIZE+YSIZE + XSFs XMIN+sYS1 s YMIN, X
¥L AB:YLAB1 sGLAB1-,ILAB)
MODD=MODE

— PLOT THE HERBACEOUS COMPARTMENTS

O0On

DO 25 I=5,7
ISYM=1-4
DO 21 L=1+5
ILAB{L)=LABEL(I,L)
21 CONTINUE
DO 22 K=1,Y
YDATA(K)=CYR(I,K)
22 CONTINUE

CALL GRAPHS({NPTS: XDATA» YDATAISYM,MODD,s ILAB)
25 CONTINUE

C
C - PLOT A MARK SHOWING FLOOD YEARS
C

DO 250 I=1+NFLDS

XO=FLDS(I)/XSF—-0.16

CALL LETTRS (X054¢883065+°™'50.,0s1)
250 CONTI NUE '

CALL LETTRS (5:595¢050¢15'" — FLOOD YEARS:"'"50.0:15)

LT




— WRITE A SITE LABEL

ol aNe!

CALL LETTRS (4-35-3.75.0.lO-STRING:O.D;ZO)
CALL LETTRS (‘-35:3-5500-113T9210¢0120’

= PLOT THE FOREST COMPARTMENTS

OO0

DO 26 L=1,5
ILAB{L )=LABEL{3,L)
26 CONTINUE
DO 27 K=1,.Y
YDATA({K)=CYR(3,K)
27 CCNTINUE
CALL GRAPH(NPTS.XDATA,YDATA-S'HDDE.KSIZE.YSIZE.XSF.XHIN.YSI.YMIN-X
*LAB»YLAB1GLAB2, ILAB)
DO 35 1I=8,10
ISYM=I
DO 30 L=1,5
ILAB(L)=LABEL(I,L)
30 CONTINUE
DO 31 K=1,Y
YDATA (K)=CYR(IsK)
31 CONTINUE

CALL GRAPHS(NPTS.XDATA-YDATA;ISYM-HGDD:ILAB)
35 CONTI NUE

8GT

— PLOT A MARK SHOWING FLOOD YEARS

OO0

DO 350 I=1,NFLDS
XO=FLDS(I)/XSF-0.16
CALL LETTRS (X094,8850e59m0 20s051)
350 CONTINUE

CALL LETTRS (5¢5556030als®® — FLOOD YEARS;'"3040+15)

A, g i, e, = e e M e
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I @ IR

OO OO0

40

S0
60

70

80

85

— WRITE A SITE LABEL

CALL LETTRS (4.85+3e¢7550610+sSTRING+0.0,520)
CALL LETTRS (4¢8593e¢5530e15STR2+0.0:20)

— FORM THE VECTOR SUMe

DO 40 J=1,Y
SUM{J)=0.,0
CONTI NUE
DO 60 J=1,Y
DO 50 M=1,10
SUM( J)=SUM(J) +CYR(MsJ)
CONTINUE
CONTINUE

-PLOT GRAPHS OF BOTH THE HERBACEOUS AND

FOREST COMPARTMENTS SHOWING RELATIVE IM-
PORTANCE.

= PLOT THE HERBACEOUS COMPARTMENTS

6ST

DO 70 K=1.,Y
YDATA(K)=CYR(2:K} /SUM{K )

CONT I NUE

DO 80 L=1.,5
ILAB(L)=LABEL(2,L)

CONTI NUE

CALL GRAPH{(NPTSe XDATA«sYDATA 4 sMODE e XSIZE s YSIZE o XSF s XMINesYS2s YMIN X
*LABs YLAB2+:GL ABl.,ILAB)
DO 100 I=5,7

ISYM=I—4

DO 85 L=1+5

ILAB(L)=LABEL({I ,L)
CONTINUE
DO 90 K=1,Y




YDATA(K)=CYR{I+sK) /SUMIK)
90 CONTINUE

CALL GRAPHS (NPT Se XDATA, YDATA S ISYM.MODD s ILAB)
1 00 CONTINUE

= PLOT A MARK SHOWING FLDOD YEARS

I @l @

DO 450 I=1,NFLDS
X0=FLDS(I)/XSF-0.16

CALL LETTRS (X0354.8830055""%,0.0s1)
450 CONTINUE

CALL LETTRS (S5e5+5.050.15'™ — FLQOOD YEARS:'350.,0915)

— WRITE A SITE LABEL

el lg!

CALL LETTRS [(4.85353¢7550. 10 STRING»0.0+20)
CALL LETTRS (4-35-3-5510-115T9210-0120)

091

= PLOT THE FOREST COMPARTMENTS

ONn o0

DO 101 L=1,5
ILAB(L)=LABEL(3,L)
101 CONTINUE
DO 102 K=1,Y

YDATA(K)I=CYR(3+K) /SUMIK )
102 CONTINUE

CALL GRAPH(NPTS:XDATA-YDATA:S-MDDE.XSIZE-YSIZE.XSF:KMIN:YSZ-YM{N-X
*LAB>,YLAB2+,GLAB2, ILAB)
DO 110 1=8,10
ISYM=1
DO 103 L=1,5
ILAB(L)=LABEL({I ,L)
103 CONTINUE
DO 104 K=1,Y
YDATA(K)=CYR(I,K)/SUM(K)

Ry ———— - - - o g— _— - - A R ‘
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MY (D

alale

104

110

550

CONTINUE

CALL GRAPHS(NPTSe: XDATA, YDATA, ISYM,MODD,sILAB)
CONTINUE

- PLOT A MARK SHOWING FLOOD YEARS

DC S50 I=1:NFLDS

XO=FLDS(1)/XSF-0.16

CALL LETTRS (X034e¢8890¢59"*3060s1)
CONTI NUE

CALL LETTRS (5¢535¢03001+"™ — FLOOD YEARS:"3060.15)
— WRITE A SITE LABEL

CALL LETTRS (4¢859¢3e¢759010+sSTRING»0.,0520)

CALL LETTRS (4¢8523¢5500:19STR2+0.0:20)
RETURN

END

91



Table A-1. Input data description.

Data Block Variable Names Format Number of Cards
Initial compartment CET) 12(F5.2) 1
values
Coefficient matrix COEF(1,J) 13(F6.3) 12
Growth coefficient modifi- A(I), RED(I,J) 13(F6.3) 12
cation parameter52
Organic matter (TO(I)) 12(F6.3) .
thresholds
Shade thresholds S 12(F6.3) 1 =
I~
Time control DELT, TMAX, N, (F6.4, 5X, F8.3, 1)
parameters NSTEP X, 13, 5X, 154) .
Compartment labels LABEL(I,J) 5A4 12

Listed in order of appearence in the deck.

2See equation 7.
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Table A-2. Input data description, continued.

Data Block Variable Names Format Number of Cards
Site slope Slop F&.2 1
Flood data 1YOF, TSF, TEF, (12, 4(5X,F4.1)) Varies
DPTH, DUR
Simplotter parameters XLAB(I), YLAB1(I) 20A4 2
YLAB2(I), GLAB1(I)
GLAB2 (I)
Flood mark control NFLDS 12 1
Data FLDS(I) 20(F4.1) 1
Additional labels to be STRING(I) 5A4 1
plotted on the graphs STR2(I) 5A4 1

£9T
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11.2 Statistical Analysis of

Coralville Pool Elevations
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Table A-3. Coralville Reservoir, maximum pool elevations.

Plotting_Positions

Rank % T Elevation Year
1 543 19.0 711 1969
2 10.5 9.5 710 1973
3 15.8 6.3 709 1974
- 21.0 4.8 708 1965
3 26.3 3.8 707 1965
6 31.6 32 702 1962
7 36.8 2.ud 701 1975
8 42,1 2.4 699 1969
9 47.4 2.1 698 19359
10 52.6 1.90 695 1972
11 379 1.73 695 1976
12 63.2 1.58 693 1970
33 68.4 1,46 691 1961
14 7 W 1.36 685 1964
15 79.0 1.27 685 1967
16 84,2 k19 683 1963
17 89.5 | 683 1968
18 94.7 1.06 683 1971
X = 697 N = 18
S =10.0
G = =0.03

-—-.._'w_ [5 — [—
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MAXIMUM POOL ELEVATION, Ft ABOVE MSL

EXCEEDANCE PROBABILITY
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i MAXIMUM POOL ELEVATION Tl

F EXCEEDANCE PROBABILITY

§ FOR CORALVILLE RESERVOIR

M OBSERVED VALUES ©
/700 —

STATISTICAL PARAMETERS

- N=18

2 X = 697

E S = 10.0
690 — G = -0.03

| NORMAL OP. MIN. 683 ft.” 00

b © O ©
680 | | | I i I

| 7 2.0 5.0 10.0 20.0 50.0

Fig. A-1. Elevation frequency curve for Coralville Reservoir.
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11,3, Coralville Field Data
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Braun - Blanquet Rating Symbols

Species Quantity

> = Any number > /5% cover
4 - Any number 50-757% cover
3 - Any number 25-507% cover
2 - Any number 5-257 cover
1 - Numerous < 57 cover

+ - Few, small cover

r - Solitary, small cover

Stratum

T - Tree layer. Plants > 5 m
S - Shrub layer. Plants 50 m - 5 m
H - Herb layer. Plants < 30m - 1 m

M - Moss and lichen layer. Plants < 10 m
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Table A-4. Transect 1 elevation 698 msl.

Compartment Species Braun-Blanquet Rating
Annual Gerardia tenuifolia 2 H
Ambrosia artemisiifolia 1. H
Erigeron annuus il
Cassia fasciculata + H
Biennial Oenothera biennis 1 H
Melilotus officinalis + H
Short-lived Aster pilosus 2 H
perennial
Erigeron canadensis 2 H
éolidago SP . 1 H-S
Trifolium repens T H
Long~-lived Phalaris arundinacea 1H
perennial
Water tolerant tree Populus deltoides 18
Salix sp. 1 H-S
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Table A-5. Transect 4 elevation 698 msl.

%

Compartment Species Braun-Blanquet Rating
Annual Cassia fasciculata 1-2 H
Forest herb Anemone sp. 2 H
Vitis riparia 1 H
Water tolerant tree Acer saccharinum 5 S
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Table A-6. Transect 5 elevation 698 msl,

Compartment Species Braun-Blanquet Rating
Annual Gerardia tenuifolia 2o o
Cassia fasciculata 1 H
Biennial ggnothera biennis + H
Forest herb Toxicodendron radicans 1 H
Vitis riparia 1 H
Lobelia prerula t H
Water tolerant tree Acer saccharinum 4~5 ST
Young forest tree Gleditsia triancanthos 2 S-T
Ulmus rubra 2 H-S
Long-lived Unidentified grass 2 H
perennial




Table A-7, Transect 1 elevation 705 and 709 msl.

174

Compartment Species Braun-Blanquet Rating
Annual Mentha longifolia 1H
Lactuca canadensis + H
Biennial Oenothera biennis G-
Rudbeckia hirta + H
Short-lived Aster pilosus 2B
perennial
Carex sp. 2 H
Solidago sp. 2 H
Asclepias sp. + H
Long-lived Agrostis alba 3 H
perennial®
Bromus inermis 2 H
Phlaris arundinacea 2 H
Young forest tree Acer negundo r S
Fraxinus sp. r S
Gleditsia triacanthos + S
+ 5

Ulmus americana

aLong-lived perennials were present only in the upper portion of this

zZone,
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Table A-8, Transect 5 elevation 705 msl,

Compartment Species Braun-Blanquet Rating
Annual Erigeron annuus 1-2 H
Ambrosia artemisiifolia 1 H
Cassia fasciculata 1. H
Biennial Oenothera biennis + H
Forest herb Toxicodendron radicans 2-3 H
Anemone sSp. = H
Lobelia puberula r H
Young forest tree Gleditsia triacanthos 2 S-T
Fraxinus pennsylvanica 2 S-T
Ulmus rubra 2 S=T
Mature forest tree Quercus sp. (seedling) + H
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Table A-9. Transect 6 elevation 705 msl,

L

Compartment Species Braun-Blanquet Rating
Annual Ambrosia artimisifolia 1 H
Biennial Verbascum thapsus 1. H
Melilotus officinalis + H
Short-lived Aster pilosus 18H
perennial
Forest herb Toxicodendron radicans 2 H
Anemone sp, 1H
Galium triflorum 1 H
Vitis riparia 1 H
Eupatorium serotinum gl
Young forest tree Ulmus rubra 2 S-T
Fraxinus pennsylvanica g
Water tolerant tree Acer saccharinum 1
Mature forest tree Quercus alba 4 T
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Table A-10. Transect 2 elevation 705 msl.

Compartment Species Braun-Blanquet Rating
Biennial Melilotus officinalis . H
Verbascum thapsus + H
Short-lived Asclepias verticillata + H
perennial
Solidago sp. r H
Forest herb Menispermum canadense 2 H
Toxicodendron radicans 2 H
Vitis riparia 2 H
Anemone Sp. 1-2 H
Oxalis sp. e
Urticia diocia + H
Young forest tree Cornus sp. 1 S
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Table A-11, Transect 5 elevation 709 msl.

L1

Compartment Species Braun-Blanquet Rating2
Short-lived Solidago sp. --

perennial
Long-lived Bromus inermis -

perennial

Forest herb

Young forest tree

Mature forest tree

Toxicodendron radicans

Fraxinus Eﬁnnsylvanica

Gleditsia triacanthos

Juglans nigra

Rhus typhina

Ulmus rubra

Quercus sp. (seedling)

Carya sp. (seedling)

a .
Ratings were not recorded for this zone,




179

Table A-12, Transect 6 elevation 709 msl,

Compartment Species Braun-Blanquet Ratinga
Short-lived Solidago sp. -

perennial
Forest herbs Toxicodendron radicans -

Parthenocissus quinquefolia -

Young forest tree Cornus sp. =

Fraxinus Pennsylvanica —

Ulmus rubra -

Mature forest tree Quercus alba (dominant)

aRatings were not recorded for this zone,
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Reservoir Optimization Model

Program Listing




COOD~NOU Pp W=

11

12

13

14
15
16
17
18
19
20
21
22
23

24
25
26
A
28
29
A0
31
32
as
34
44
0
5 B 4
38
39
40
91
42

182

$JOB "GLANVILLE® »TIME=B0.,PAGES=50 .
DIMENSION INST(25) +STORR(2542) +FSTAR(25040) +STORED(25+:40).C(25,25)
DIMENSION STATES(2S5S).,0(25+25) +ELSTAT(25)2IXSTARI25,40)
REAL INFLOW(a0,2)
INTEGER FINSTS(25) «XXSTAR(25) «ISTEP(41)
DIMENSION OFLOW(25,40),0UTBAC( 40)
REAL IFRR(25,2)
DIMENSION FLOWI(A40)
INTEGER FINSTW(25)
DIMENSION NNUMI10)
INTEGER PENCOD

C

C

Cx&#48&STATES 1S A VECTOR CONTAINING THE 2% DISCRETE STORAGE VOLUMES (AC-FT)

G USED AS THE STATE VARIABLE IN THE DYNAMIC PROGRAMMING FORMULATION

C

=

DATA STATES/B65000e3832034.+799076e+766118,4+733160.+700202, 667244

#0963428064++4601328:+56B83700+5354124¢502854.,969496.:463653B82,403580.
#370622. v337664. 93047006 +271748.4238790¢+205832,.+17287T4.+51399164.+10
#0958 .45 74000/

C

C

CEaax&ELSTAT(X) IS THE ELEMENT OF ELSTAT THAT CONTAINS THE ELEVATION

C (FT. ABOVE SEA LEVEL) OF THE WATER SURFACE IN SAYLORVILLE WHEN IT LS

Cc IN STATE(X)

C

C

DATA ELSTAT/898.80:897:45:,0896:.05:894,.58:,893.06,891.:46,889,78.888.,0
UEgBB&.!?;BE4-21.BBZ-I#-B?Q-GJ-B??-ST1575-04-B?E-31-869-35.&6&.1218
$562.55+858.91+855:39851.35,847.87.B44,31 ,839,78,833.58/

NSTS=25

C
C
CHaskaNNUM(X) IS THE DURATION, IN WEEKSe. OF EVENY NUMBER X
C

NNUMI 1) =20

NNUM(2)=26

NNUME 3)=24

NNUM(4 ) =26

NNUM(S5)=]12

NNUM{B)=13

NNUM( T) =9

NNUM(B)}=30

NNUM(9 ) =27
NNUMI 10) =26

PENALTY CODE#*#%%% PENCOD=NEGATIVE VALUE IMPLIES NO PENALTY
PENCOD=0 IMPLIES STRAIGHT LINE SEMI-LOG PENALTY

NN n

LOWEST FEASIBLE FINAL STATE
PENCOD=-1

NUMDI M=40
DO 600 IEVNT=9,9
NOISTS=1
NN=1
N=1
DO 6 MJU=2,25%

5 INSTIMJ)=0
INST(1)=28
DO 7 NJw],2
DO 6 MJUm=] .29

6 STORR(MJUI:NJ)=0.0

' CONTINUE
STORR{ 25, 1| )=90000.
NUM=NNUMIIEVNT )
NSTGS=NNUMI ITEVYNT)
NSTEPS=NSTGS+1
DO 12 J=1.,2
READ(S:11) (INFLOWI(I sJ)el=1+NUM)

PENCOD= POSITIVE VALUE IMPLIES PENALTY IS FUNCTION OF

.
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125
126
127
128
129
130
131
132
133

134
135
1 36
137
138

139
140
141
| L
141
a4
1 4%
146
147
148
149

150

1€1
152
153
154
155

156

1'%'7
148
159

160
161

162
163
164
165
166
167
168

169
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&% NOFS= NUMBER OF FINAL STATES

® NSTGS= NUMBER OF STAGES IN THE EVENT

>
=

XASTAR(X«N)= INDICATES THE OPTIMAL STATE TO PROCELD TO WHEN AT
STATE X IN STAGE N (WHEN PROCEEDING BACKWARDS IN TIME FROM STAGE N

® NUM= NUMOER OF WEEKS OF INFOW IN THE STREAMFLOW INPUT ARRAY

#2% O(X,Y)= THE OUTFLOW NECESSARY FROM SAYLORVILLE RESERVOIR IN ORDER 1O
TD TRAVERSE FROM STATE Y YO STATE X

DIMENSION STORRINSTSe2) e DINSTSeNSTS)«STOREDINSTS:NSTGS)
OIMENSION OFLOWINSTS«NSTGS)

DIMENSION INSTUINSTS)sSTATESINSTS ) e FSTARINSTS:NSTGS)
DIMENSION CINSTS«NSTS)

REAL IFRR{NSTS.:2)

INTEGER FINSTWINSTS) oFINSTSINSTS) « XXSTARI(NSTS)
DIMENSION IXSTAR(NSTSsNSTGS)

REAL INFLOW(NUMDIM,2)

DIMENSION ELSVTAT(NSTS)

SET FINAL STATES AND OQUTFLOW ARRAYS TO ZERO

DO 100 JJ=1«NSTS
100 FINSTS(JJ)=0

DO 200 KK=]14NSTS

DO 300 LL=1«NSTS

O(KK «LL)=0D.0

INITIALTZF ALL ELEMENTS OF COST ARRAY TO 1.0E70

300 CILL«KK)=1.0E70
200 CONTINUE

LL -0

NOWFS5=0

L=

60 CONTINUE

CALL ELEVVILELEV«STORAG:INSTeSTATESeNSTS)

PERS=(({STORAG - T400C.0/7791000.) #100.

LEVEL=INST L)

PEARR=((STORRI(LEVEL ,1)-90000.)71740000-)%100.

CALL FEASTILL N INFLOW:STATESsPERRPERSELEV :STORAG:FINSTSFINSTW,
ENOFS D Ko OMAX gUMINg FMAX s FMINs NNglL e NUMy INSTsESL+sNSTSELSTAT NUMDIM,
«NOTSTS)

CALL COSTSIL NNyN:KsDgLL sFSTARsCeNSTGSoINFLOWsNUMINSTaNSTSsNUMDIM
# L,ELSTAT)

IF(L <EQ« NOISTS) GO TO S0

L=L+1

GO TO 60

S50 CONT INUE

CALL PICOPTINSTGS sNsNOFSFINSTSsCoFSTAR XXSTARSNN,NSTS, IXSTAR,OFLO
*wW,.0)

CALL RCEDROCI(N«NN NOFS;FINSTS DeXXSTAR: STORRaNSTGS: INFLOWNUM;NST S,
#STOREDg IFRR s NUMDIM)

HETURN

51 HRETURNI

FND

SUBROUTINE ELEVVILELEV:STORAGsINST«STATES.NSTS)
DIMENSION STATES(NSTS)
INTEGER INST(NSTS)
LEVEL=INSTI(L)
STORAG=STATESILEVEL )
IF{STORAG +4LE. 196000s) GO TO 10
IF (STORAG :GTe 196000« <AND. STORAG .LE. 283000.) GO TO 20
IF{STORAG «GTe 283000.) GO TO 30
10 ELEV=(ALOGIO(STORAG)=4.519)/70.02579 +820.
RETURN
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210 10 OMAX=((STURAG-STORT)%43%60. /7004800 ¢ INFLOWING1)
FA N TFCINSTIL) .5Q« NSTS) GU TO 32
Call B4 ELMIDS(EL + FLEVTIZ2.
2143 fELECV=ELMID
L14 GO TO 34
215 32 FLEV=ELSTATI(NSTS)
216 34 IF(ELEV +.GEe« B33. +AND. ELEV LT« 860«) GD YO 1
217 [F(ELEV .GE. B&60. <AND. ELEVY .LT. 8B4.) GO TG 2
218 IF(ELEV .GE. BB4, AND. ELEV .LT. B896.) GO TOD 3
219 IFIELEY .GE.« 896. +ANDe ELEV JLE. 900.) GO TO &
220 1 FLOMAX=214 .Bl1*(ELEV -833.) +11800.
221 GO TOo 31
222 2 FLOMAX=141.67%(ELEV-B60.) +17600.
223 GO Ta 31
224 3 FLOMAX=10®#%(0.05060%(ELEV~-884.,)+4.32222)
A2 GO TO 31
2726 4 FLNMAX=10%%(0.03923#(ELEV-896.)+4.92942)
22T 3] DIFFX=0MAX—FLOMAX
224 IF{DIFFX .GE. -50s «AND. DIFFX JLE. S0.) GO TO 35
229 IF(DIFFX)33,37.,37
230 33 IF(ITRIAL .EQ. 1) GO TO 35 d
231 EUPPER=ELE V7
232 FELEV7=({EUPPER+ELOWER)/2.
233 IF(ELEVT .LE. ELPLUS) GO TO 35
234 ITRIAL=ITRIAL+1]
235 GO 10O 19
236 37 ELOWER=ELEV7
2a7T ELEV7=({ELOWER +EUPPER)/Z72.
238 IF(ELEVT <GE. ELMNUS) GO YO 38
239 ITRIAL=[TRIAL+I1]
240 Ga TN 19
241 10 CONTINUE
C
C
CenassCONSTRAINTS®®® ON THE RISING SIDE OF THE HYOROGRAPH THE MAXIMUM OUTFLOW
C IS LIMITED TD THE INFLOW.
C
C
CHNRANNO COSTS ARE INCURRED AT OQUYFLOWS LESS THAN 11500 CFS MAKING LT ACCEPYABLE
& YO RELAX THE CONSTRAINT THAT LIMITS THE MAXIMUM QUTFLOW TO THE INFLOW.
C IiN THIS CASEe THE SITUATION WILL BE HANDLED AS IF ON THE FALLING SIOE
C OF THE HYDROGRAPH.
242 IF{ INFLOW({Nes1) «GE. 11500.) GO TO 11
2473 GO TO 12
244 11 OMAX=INFLOWINe1)
245 IFLAG=1
246 FMIN=STORAG
247 GO YO0 36
248 38 OMAX=FLUMAX
249 35 FMIN= STORAG+ (INFLOW(N:1) - OMAX)®13.86843
250 IF [FMIN LT« SMIN) FMIN=SMIN
291 IF(FMIN .GTs SMAX) FMIN=SMAX
252 36 IF(EL +LT. 8B70.) GO 7O 40
253 DIF= PERS-PERR
254 IF (DIF .LE. 15.) GO TO 40
255 IFCINFLOW(Ns1) LT« 16000.) GO YO 39
296 OMIN=16000
57T FLODIF=INFLOWI(N:1) = OMIN
258 IF(FLODIF .GVe 2375.) GG FO 45
259 OMIN= INFLOWIN, 1) =2375.
260 GO TO 45
261 39 OMIN=INFLONINs1)
262 GO TO a5
263 40 IF(IFLAG -.EQ. 0) GO TO 43
264 IFUINFLOWI(Ns1) LT« B000«) GO JO 44
28% NOMIN=8000.
P FLODIF= [NFLOW(Ns1) -OMIN
267 IF(FLODIF .GV, 237%.) GO VO 4%
268 OMIN=INFLOW(N1)-2375,



















“a7
Sah

a4y
5%0
551

552

553
554

555
556
5SSV
558
SS9
560

201

10

41

45

80

1000

$ENTRY

KOUTI(I1)=KK

193

WRITE(H10) (KOUTI(L)eL=1ls101)

FORMAT(* *,.5X,.101(A1))

GO YD AO
JOUT L 1)=K

WRITE(G 91 e JCUTIL) oL=1,101) «XFLO(J ) OFLOCJ)

GO TD 44
KOUTI(]1 )=KK

WRITE(G6,10) (XOUT(L)-L=1.101)

CONT INUE
WRITE(6,1000)
FORMAT(®1%."'
RETURN

END




INFLOW(CFS)

4006.
1669«
2060
T49 4
14944,
43157.
20914 .
10513.
7914,
5699,
S7T80.
5871«
10554,
10461 «
6639,
3583.
2631,
2019,
1521 »
1237
TS2 .
432
3ShG e
292 .
300D.
364 .

OUTFLOwW(CFS)
4006.00
1669.00
20€0.,00

749,00
10196.73
0g926.11
16166.73
10513.00
10287 .63
10446.27
10527 .27
10618.27
IDEE4.C0O
10461 .00
1138B6.,27
8330.27
S0048 .63
& 392.€3
3894 .62
JEL10.€3
3125.63
28T2.£€3
2805 .63

34.CC
£92.00

300.00

264,00

BEST STATE

25
25
25
25
23

9

7

7

8
10
12
14
14
14
16
18
19
20
21
22
23
24
25
25
25
25
25

EVENT @& L=

VOL UME

(AC-FT)=

POLICY COST (%)

APRIL,

19€S

AC PENALTY

ELEVATIONIFT)

833.58
833.58
833.58
833.58
Ba4a,31
B86.17
889. 78
889.78
B88.02
BB4a.21
B79.,93
B7S.04
B75. 04
B75.04
B69.35
862.55
858,91
855.39
851.35
84T .87
Ba4g,31
839.78
833.58
833.58
833.58
B33.%58
833.58

2289705.

46229.

INFLOW TO RED ROCK(CFS)
7527 .00
5255.00
3631 .00
2212 .00

23367.73
23903.11
20496 .73
12960.00
12630.63
11769 .27
11808 .27
12227.27
17251 .00
13968.00
14236.27
9529 .27
6240.63
5640 .63
8462 .63
4006 .63
3Jaza .63
3086,63
2995 .63
512.00
437 .00
457.00
S83 .00

STORAGE AT RED ROCKIAC-FT)
90000.
B9999 .,
B9999,
89999 .

164527 .
246487.
281152.
211176,
136626 .
89999,
89999,
89999,
89999,
89999 .
89999,
89999 .
B9999 .,
89999,
89999 .
89999,
69999 .
89999,
89999, “
89999,
89999,
B9999,
89999
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EVENT @» 9

FLOWICFS)

EACH ® INDICATES 700 CFS (INFLOW)
EACH O INDICATES 700 GFS (OUTFLOMW)
@« CR O IN *"wWEEK'" AXIS INDICATES FLOM LESS THAN 700 CFS
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10554,

10461 .
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2019.

1521.

1237,

7TS2.

499 .
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300.
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OUTFLOW (1000'S CTS)

260
240

220
200

180
160

5

120

100

S

60

40

20
0

833 < E < 860
— 0 = 214.81 (E - 833.) + 11800.
- 80 < E < 884
0 = 141.67 (E - 860.) + 17600 .
- 884 < E < 896
0 = 10(0-0506(E - 884.) + 4.3222)
o 826 < E =< 9200
0 = 10(0-0392(E - 896.) + 4.9294)
0 = OUTFLOW (cfs)
b E = WATER SURFACE ELEVATION (MSL)
- CONDUIT
AND
L3 SPILLWAY
- CONDUIT ONLY 3
e O O
| | | | | P 1B | |
820 830 840 850 860 870 880 890 200 210 920
ELEVATION (FT)
Fig. A-2. Maximum outflow vs. elevation for Saylorville Dam conduit

and spillway.
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1000

STORAGE (1000'S AC=FT)

100

10

197

~  LOG S = (0.01250) (E - 860) + 5.452
— @860 < E=< 900
LOG S = 0.01595 (E - 850) + 5.292
@ 850 < E < 860
[k LOG S = (0.02579) (E - 820) + 4.519
@ 820 < E < 850
= E = WATER SURFACE ELEVATION
S — STORED WATER IN ACRE-FEET
| | | | | |
800 820 840 860 880 900 920 940

Fig. A-3.

ELEVATION (FT ABOVE MEAN SEA LEVEL)

Elevation vs. storage at Saylorville Reservoir.
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11.5. Flood Control Regulation Schedule
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