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The validity of the model was checked ~~ applicatio to the
- Cora].ville reservoir on the Iowa river near Iowa City, Iowa. The total

period of simulation was 10 years (1958-68) and the intervals of correction
for compaction and slump was varied from one week to 10 years. Close agreement

• was observed between the model results and the actual survey data. Larger
-

• intervals of correction were found to give better agreement with survey
data. It has been demonstrated that the procedure for compaction and
consequent slump corrections, as incorporated in the present model, signif icantly I
improves Borland ’s original procedure.
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PREFAC E

• This study was performed as part of a comprehensive investi-

gation of reservoir operations for the Coralville reservoir , near Iowa

• City, Iowa. The change in the reservoir profile due to sedimentation

with continued operation of the reservoir is an important consideration

in the planning and design of various reservoir outlet works as well as

in formula ting an optimum operation plan for a reservo ir. So , a need
exists to develop a computer application techn ique to account for the en-

‘ 
• 

trappment and distribution of sediments in reservoirs, for use in con-

junction with optimization techniques for reservoir operation. The corn-

puter model “SEDRES”, developed and presented herein , wi l l , hopefully ,
help f i l l  th is need. The presen t model incorporates a modifica tion of
existing empirical methods and procedures to account for continued compac-
tion and sediment slump . The model has been generalized for application

to other reservoirs .
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ABSTRACT

A comprehensive reservoir simulation scheme has been developed
to est imate changes in the  reservoir profi le  due to sedimentation over

any length of reservoir operation . The model includes severa l input sub-
models , e . g . ,  time series models for genera ting sequences of water inflow ,

sed imen t inflow , and evapora tion , and an opera ting submodel to supply
necessary input data to the sedimen tation submode l , which forms the heart
of the simulation scheme. The sedimentation submodel estimates the

total volume of sediment trapped in the reservoir in a selected time

interval , and then distributes this over the height of the reservo ir , based
on a mod if ied vers ion of Borl and and Miller ’s (1960) empirical area-

reduction method . This modification enables the use of the model for any

interval of sedimentation, while Borland’s orig inal method is app licable
onl y for larg e (10 years or more) sedimentation periods. Deposited

sedimen ts are compacted and necessary corrections are appl ied to remove
anomal ies caused by slump ing due to differential compaction of different

• sediment components (sand, silt , and clay) in the vicin ity of the “zero”
elevation and at the sediment zone interfaces. The simulation model ,

at the end of each time interval , outputs the water outflow, the
reservoir pool elevation, the volume of deposited sediment with its

- - distribution over the reservoir height, the resul ting new zero eleva tion ,

-
~~~ and the adjusted elevation-area-volume relationship.~~~

The validity of the model was checked by appiIcation to the

Coralville res
,1~
rvoir on the Iowa river near Iowa City, Iowa. The total

period of simulation was 10 years (1958-68) and the intervals of correction

• for compactión and slump was varied from one week to 10 years . Close

agreement wAs observed between the model results and the actual survey

data. Larger intervals of correction were found to give better agreement

• with survey data. It has been demonstrated that the procedure for

compaction and consequent s lump corrections , as incorporated in the present
mode l , sign ificantly improves Borland ’s original procedure.

- -

j ~ (vi)
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RESERVOIR SEDI MENTATION MODE L WITH CONTIN UIN G

DISTRIBUTION , COMPACTION , AND SEDIMENT SLUMP

I .  INTRODUCTION

Th e various phase s of the sed imentation process are : erosion ,

entrainment , transportation , differential settling , deposition , and the
compac tion of sedimen t . The chief agen ts governing sed imentation are

• rainfall , runoff , streaniflow , and wind . The prob’ems resulting from

sedimentation are many and varied. Of these, the present report deal s with
the consequences of sedimentation in man-made reservoirs.

As a sediment carrying stream enters a reservoir with still

water , the flow depth increases with progressive reductions in velocity.
The reduction in velocity causes loss of sediment transporting capacity

resu lting in the deposi tion of sediment, along the reservoir bed. The

coarse grained components (sand and gravel) of the sediment begin to de-

posi t in the higher reaches of the reservoir and the fine grained components

(silt and clay) are transported further into the pool. The actual loca-

tion and manner of deposition of sediment along the reservoir bed depend on

factors like the longitudinal slope of the original streambed , the shape of
the reservoir , the particle size-distribution of the incoming sediments ,

the mineral characteristics of the clay-size sediments , the chemistrY

of the water , operation plan and outflow characteristics of the reservoir .
Usually , artificial lakes and reservoirs are provided with out-

-

• lets for various purposes, including the sluicing of sediment . But ex-

perience with these reservoirs, during the last several decades, has showr~
that it is not possible to effectively release all the sediment entering

the reservoir. As per Brun e (1953) , more than 90% of the incoming load is

generally trapped. The obvious consequence of the entrapment of sediment

is the loss of storage capacity of the reservoir. The sediment accumulation

also adversely affects the functioning of reservoir outlets , recreational
• facilities and important instal lat ions in the backwater reg ions, if any.

Until 1940, reservoir planners held the view that the sediment

invariably travels all the way up to the darn face and settles there. Following

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

~~~~~~~~~~



this assump ti on , the designers provided wha t i s known as “dead storage”
in the reservo i r extend i ng from the or ig inal river bed up to a certain ele-
vat ion , sufficient to accommoda te the estimated inf l ow of sed iment over
the useful life of the reservoir. In some reservoirs “scouring sluices”

were prov ided , for washing out the incoming sediment periodically. These

reservoirs were neither able to confine the trapped sediment to the dead

storage nor able to release it satisfactor i ly  through the sluice gates.

Some of the b ig reservoirs that were constructed during the

early part of this century had completed several years of operation by

1940. The extent and rate of sedimentation in some of these reservoirs

were found to be alarming. In order to estimate quantitatively the loss

of storage in the reservoirs, sedimenta tion surveys were in itiated. The
results of these surveys and those conducted earlier are summarized in

Miscellaneous Pub lication No. 1143 of the Un ited States Department of
Agriculture (1969). This publication covers the surveys up to the year 1965.

Some of the subsequent studies relating to sedimentation surveys are indexed

with abstracts in the National Technical Information Service publication NTIS!

PS-75/886. Pais-Cuddon and Rawal (1969) carried out some qualitative studies

relat ing to sedimentation in Indian reservoirs. Szechowycz and Qureshi (1973) ,

utilizing some of the existing procedures , estimated the extent of sedimen-

• tation in Mangla Reservoir in Pakistan.

The flndings of the sedimentation surveys have been very infor-

mative . The importan t conclusion drawn was that sediment starts sett l ing

right from the head waters down to the dam face , and is not conf ined to
the lowest portion of the reservoir. Furthermore , most of the sediment that
flows into the reservoir is trapped in the reservoir. Based on the informa-

tion furnished by these surveys, empirical procedures for estimating sedi-

ment entrapment (Brune , 1953), distribution alon g the reservoir hei ght (Bor-

land and Miller , 1960; Moody, 1962), and compaction with time (Lane and

Koelzer , 1943), evolved .
• - Recent research in the modeling of reservoir sedimentation con-

centrated on the solution of the governing equations of flow , e.g., the

equations of motion and continuity for sediment-laden flow and the equation

4 
of continuity of sediment. Various numerical techniques, us ing finite dif-
ference schemes , were used to solve the governing equations for estimating
changes in bed profile. However, the models developed so far in this category

_ _ _ _ _ _  ~~~ ~
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do not take into account all the factors (e.g., density current , var iable

- •  specif ic weigh t, compaction , transverse dis tr ibution , etc .) respon sibl e for
deposition or erosion of sediments in reservoirs. Murray , et . al (1974) used
a simplified techni que to solve the governing equation s in two parts ,
independent of each other : (a) backwater profi le  and (b) sediment transport¶ computations. The method consists of the application of sediment transport

equations at each successive reach and the amoun t depos ited in each reach
is computed as the di fference in the sediments transported at the beg inning
and at the end of each reach. They used only bed load deposition and three

different bed load equations. The model results showed good qualitative
agreement with the shapes of deltas observed in some reservoirs . Fowler
(1957) used a simplified relation of the form C~ /C1 = K u~ (C

e. C1 
= sus-

pended sediment concen trations at section n and open river , respectively, u~ =

shear velocity at section n; K,n are constants) to estimate deposition from
suspended sediment between two sections. He estimated values of K ,n for sand ,

H silt and clay, based on observed data. This method was suggested for pre-

dicting development and growth of deltas. Thomas and Prasun (1977) solve the

energy equation by the standard-step method and the sediment continuity

equation by a finite-difference scheme. The model was verified with hydraulic
models and field data and good agreement was observed. Chang and Hill (1976)

developed a computer model to estimate aggradation and degradation of a flood
• channel. The energy equation and the continuity equation of flow were solved

by the standard-step method for water surface profiles; the sediment conti-

U nuity equation was solved by a backward finite-difference scheme. They also

developed a program for simulation of delta formations. Combs, et. a]. (1977)

developed a model for computing sedimen t transport throughout a reach of

river and for determining areas of scour and deposition . Chang and Richards

(1971) solved the equations of continuity and motion by the method of charac-

teristics and the sediment continuity equation by a finite-difference scheme.

Comput at ions of water-surface profile and sediment deposition were made in two

parts. They applied the method to a hypothetical case and obtained reasonable
patterns of deposition. Mahmood and Ponce (1976) developed a computer model

of sediment transients , considering both bed load and suspended load. A
coup led solution of the momentum and sediment continuity equation s enables
the numerical solution with longer time steps than are possible for uncoupled

models. A linearized implicit numerical scheme was used to solve the governing

• .._—“._ - -- -• .•_~
__
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equations . The model has been applied to hypotheti ca l examples , but not
checked with observed field data. All the mathematical models mentioned

so far are one-dimensional models; transverse distribution of sediments

• across sect ions were not accounted for.

The most recent work in the area is due to Lopez (1978), who has
deve loped a mathematical mode l for flow and sediment routing through reser-

voirs. His model includes a jet flow theory which simulates the incoming

river flow as a two-dimensional plane jet discharging into the reservoir.

The model takes into account non-uniform grain size distribution , and trails-
verse distribution of sediment (not well explained). Flow and sediment

•~ routing is done in a sequential mode. The numerical solution of the flow -
• routing model was developed by using a fully implicit finite-difference

scheme. For sediment routing, an explicit finite-difference scheme

was used. The time and space intervals for the numerical scheme must be

sele’-ted, for stabil ity and convergence , by carefu l numerical experiments.
Application of the model requires calibration for selection of resistance

coefficients and sediment parameters. The model has been applied to a flume

model and to the Colorado River , upstream from the Imperial dam , with rea-

sonable agreement.

Experience in the operation and maintenance of various kinds of

reservoirs, over the years , has indicated that the extent of sedimentation
depends chiefly on the quantity of sediment that flows in and on other factors

like operation rules , size and shape of the reservoir, water inflow ,

water outflow, evaporation , etc. The in teract ion of these factors is too
complex to permit an analytical approach to estimate quantitatively the order

of sedimentation in a reservoir, over any desired length of time. However,

it is found practicable herein to develop a computational procedure to simu-

late the process of sedimentation in reservoirs. The simulation provides

for the representation of all aspects and phases of reservoir operation that

influence sedimentation . The inputs to the model are water inflow , sediment-

inflow , and evaporation . During each time interval of reservoir operation ,

• •
~ water inflow is routed through the reservoir as per the desired operation

rule and the outflow is estimated . The sediment entering the reservoir is

distributed over the height of the reservoir and compacted. The distribution

takes into account the par t ic le  sizes of sediment components, reservoir size

_ _ _ _ _  
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and shape , poo l level , compaction of each laye r of sed imen t w i th regard to
its composi t ion , age , etc. At the end of each interval of time , after the cor-
rection for reservoir evaporation is applied , the revised profile of the

reservoir with regard to the elevation-area-volume relat ionship is computed .

The model , constructed for compu ter use , is qu ite general and prov ides for
applica tion to any storage reservoir , with a choice of time interval of op-
eration (weekly,  monthly , etc.), total length of simulation , and operation
rule. The details of the procedure are described in the ensueing sections

of this report .

• To i l lustrate the practical application of the procedure , the
model is applied to a real life problem relating to the Coralville reser-

voir near Iowa City,  Iowa . The Coralville reservoir on the Iowa River went

into operation during the fall  of 1958. Since its construction , three
sedimentation surveys were conducted by the reservoir operators: the U.S.
Army Corps of Eng ineers. Advantage was taken of these surveys to compare

• the results of the study with the actual sedimentation.
To implement this scheme of simulation,a computer program is writ-

ten in FORTRAN Iv for use on the IBM 360/65 computer at the University of

Iowa. All phases of the computations in the program are explained sequen-

tially in the ensuing sections. A listing of the program together with

a sample output is included in appendix B-.

II.  SEDIMENTATION IN RESERVOIRS

The calculation of sediment accumulation and deposition and the
- • 

-
- resulting changes in the elevation-area-volume relationship with time is

complex. The basic models are briefly described below in the order they

are used in the computer calculations. These models are used to estimate

the trapinent , distribution , differential settling into zones , zero eleva-

tion , compaction of current amounts and all previously deposited amounts ,

correction to zero elevation due to compaction , sediment slump due to com-
paction at zero elevation , alterations of the reservoir elevation-area-
volume relationship due to sedimentation, sediment slump at zone inter-

faces, redistribution of all earlier sediment layers to agree with the
slumped profile , redetermination of sediment zones for each layer of compacted
sediment after the current compaction , determination of “equivalent” uncoinpacted

I
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sediment in each layer for use in the next time-period compactions, and redeter-

mination of sediment zones for each layer of equivalent uncompacted sediment after
• 

decompaction for use in the next time-period compactions. These models are
‘ applied in each time period of the reservoir sedimentation simulation and

they are detailed in th is  section as they are used during one such time
period .

A. Sediment Entrapment

As sediment flows into the reservoir, a large fraction of it is
trapped . In an attempt to predict the amount of sediment trapped, Brune

• (1953) has plotted an empir ical rela tionsh ip, based on records of 44
normally ponded reservoirs, between trap efficiency of the reservoir and

the capacity-inflow ratio (see fi gure 1).

• E
T 

= f(C/I) (1)

where E
T = trap efficiency of reservoir (fraction); f(.) = functional

form of empirical relation ; C = capacity of reservoir , acre-ft ; and I =

annual inflow into the reservoir , acre - ft .  This relationship is used
for estimating the average t rap efficiency for a year. As an approximation ,
for periods of time other than a year, the following relation may be used :

¶ E
T 

= f (~ 
. 

~~) (2)

where I = inflow into reservoir in the time per iod , acre-ft; N = number

of time intervals in the time period ; and N = number of time intervals in

a year. The result is the same as finding the average annual inflow over
the years for N > N

>, 
or extending the inflow from a smaller period over

a year for N < N
>,. The estimated volume trapped is calculated from the

-
~~ t rap efficiency and the amount of accumulated sediment inflow in the time

period :

Q . 2000
• E = ~~~~~~ 

43560 . E
T (3)

where E = estimated volume trapped, acre-ft; Q5 = accumulated sediment in-

flow in the time period , tons; and y = overall specific weight of the
sediment , lb/cu-ft . The actual volume trapped may also be affected by
sluicing operations for the reservoir. In this case the estimated volume

1. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~T J

— — .a # • 4 ~~~ ~~~~~~



-••-.----w—— .~~.--’ -—- •---— .—-------_ .- -— .-.—.-

t . 
-
~ — 2

I—z
W ID

-~~

C-) ~~

Q.. wz C-)w c~J 0

- - ‘ 2
w :Cl)

0’
- LU

Cl)
-

4
- 0

U

I I I I I I 0
0 0 0 0 0 0 0 0 0 0 0~~~~2 ~~ 

It) 
~~ 

—

LLN33~~~d) aBddveIJ. J.N3vJIO3S

I ,  — - - • - - - — — —

~~~

• — _ _ _ _ _ _ _ _ _

• 
.• 

. :~
-

~ 

—~~ - -  ‘~~ :



8

• trapped is reduced by the amount that is sluiced through the reservoir.

Howev er , in the examp le appl icati on to the Coralv il le reservo ir , the above
procedure to estimate trapped sediment was not used. The sediment entrap-

men t model was built by usi ng a regres sion analys is on recorded data as

exp lained in section IV. Such a model , i f av ai lable , is more rel iable than
Brune ’s procedure to estimate trapped sediment . When applying this model

-

- 
: to other reservoirs, the sediment en trapmen t model , as used in th is compu ter

program , w ill need replaced by the relevant regression model. If sufficient

data for such a model are not available , Brune ’s method may he used.

B. Reservoir Zero Elevat i on

The reservo i r may be charac ter i zed by its elevation-area-volume
relationshi p which gives area or volume as a function of elevation . In

discrete form, index elevations are established which may or may not be
e q u i d i s t a n t .  The bottom e leva t ion  ( index , i= 1) E

1 should correspond to a

point at or below the foot of the dam in the reservoir at time zero, before
any sedimen t calculations are to he performed. A zero elevation , F should

then correspond to the foot of the dam where the volume below is zero. For

each i ndexed elevation , E1, there cor responds a volume for the reservoir

AV., referred to here as the original volume (prior to any sedimentation) and an •

area of the water surface (at this elevation) AA~ , referred to here as the
orig inal area. Thus, the physical characteristics , as ascertained from in-
Spect ion of the reservoir and topograph i c maps, may be approximated by three
arrays of numbers; the first contains the ordered indexed elevation s (i=l is

the  lowest el eva ti on and increas ing i represents increasing elevation.) The

second and th i rd arrays contain the indexed areas and volumes correspond i ng
to the indexed elevat i ons. In general , the prismoida l rule is held to

ap p l y  for arbitrary index , i.e.:

AV~ — AV. 1 = ~~
- (AA~ AA. 1)(E. 

— 1
~i—l ~ 

(4)

1:01. the area and volume jus t  above the zero elevat i on , the prismo idal ru l e

looks like this origin a l l y :

1W
2 

= ~~
- (AA~ + M ) ( E , - 11~~) (5)

~~~~~~~~~~~~~~~~ ~~~ 
• 

- -
- -

•~



r 
- 

~~~~~~~~~~~
——— - 

—
~~~~~~~~~~~~~~

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

-
~
---- •

~~
----. ~~~~~~~~~~~~~~~~~~~~~~

where AA = area (ho r i zon ta l)  of reservoir water  surface at the zero ele-

vation . AA 2 may be greater than or equal to zero, It  should be observed
that all  three arrays are monoto n ica l ly  increasing with the index i for
practica l reservoirs .

In each time interval , a fresh volume of sedimen t enters the
reservoir. A port i on of th is  incoming sediment f i l l s  the “dead storage”
est ablishing a new “zero elevation” (elevation of sediment at dam face) .
It is necessary to determine this new zero elevation to estimate the dis-

tribution of sediment over the height of the reservoir (discussed subse-

quently). The new zero elevat ion is determined from a known value of sedi-

ment volume to be placed into dead storage and a knowledge of the eleva-
tion-area-volume characteristics of the reservoir (refer to figure 2).

In figure 2 , ~V = volume of sediment above elevation E . ,  to be placed into

dead storage ; E ’ = prev ious (prior to current period) zero elevation ; DV =

total volume of sediment to be placed into dead storage; F = new zero ele-

vation , to be determined; F. and F. indexed elevations just below and
I

just above the new zero elevation ; A . ,  A , and A’ = reservoir surface areas

(prior to current period) at elevation s E~ , E~ , and E~ , respectively; and
V~ = previous (prior to current period) volume of reservoir at elevation E

~
.

A. and V~ are determinable from the orig inal array of elevation -area-volume

(before any sedimentation) if the past sediment volumes are known . This is

discussed subsequently. Linear interpolation is used throughout between
- t .

elevations E .  and F. to determine intermediate areas and volumes at
1 1+1

intermediate elevations.
There are two cases for determining the new zero elevation . The

o first case corresponds to figure 2 where E’ is below E.. By using linear

interpolation,

= E. + (F. 41 - E.)(A - A .) / ( A~ 41 
— A.) (6)

• By using the prismoidal rule ,

- 

1W = .

~~

. (A~ + A.)(E
~ 

- E.) (7)

By substi tuting E~ 
from eq. (6) into eq. (7) and solving for

= [A~ + 2 1W(A141 - A~ ) / (E~~1 - E . ) ]  1/2 (8) 
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Figure 2. Sketch for Zero Elevation Computation
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By subs t i tu t ing  A 1 from eq. (8) back in to  eq. (6) , E1 may be determined in
terms of known quan t i t i e s :

E
~ 

= E~ + ~ [JA~ + ~~~ - A~~] 
(9)

• where b = (A.
1 

- A . )/ ( E . 1 
- E.). Furthermore, from inspec tion of f ig-

ure 2 :

1 W = D V — V .  (10)

The second case is where E ’ is above or equal to E . .z 1

1 2E = E ’ + E’ ~JA~ + 2LWb’ - A~
] 

(11)

where b ’ = (A. - A’)/(E. - E ’ ) .  Furthermore ,1+1 z i+l z

1~V = D V  (12)

With known values of E., E.~~1, F’ , A~. A.÷1, A’ , and DV , the new zero
elevation (E) can be determined from eq. (9) and (10) or from eqs. (11)

and (12). The computer program uses these equations as appropriate to de-

termine new zero elevations af ter sediment is trapped but before dis tribution
and compaction takes place for the current t ime period.

C. Sedimen t Distribution
The distribution of sediment volumes along the reservoir height

o is a complex phenomenon which has had some attention- in the past. Borland and

Miller (1960) devised a procedure called the “Empirical Area-Reduction
Method” for distributing sediment that incorporates empirical distribution

curves based on the type of reservoir. Moody (1962) has revised the pro-
cedure and fitted Beta functions to the empirical curves. According to

this method , reservoirs are classified according to four basic standard
type curves that were developed from actual resurvey data. A trial and error
type computation is made using the “average-end-area” or prismoidal formula
until the capacity computed equals the predetermined capacity . The resurvey

dat a for 30 reservoirs were used to develop four standard type curves as
shown in figure 3.

---U.- ~.~~e• - — - —
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Based upon the anal ysis of the resurvey du t :i  . reservoirs are

c l a s s i f i ei  (Bor lund and M i 11cr , 1960) by the  slope of the r e s er v o i r  depth

vs reservoir capacity p l o t t e d  on log- log  paper.  Type I r eservoirs  have a
slope between 0.22 and 0.28 and are typ ified by shallow lakes . . Type 11

reservoirs are found in flood p lain s and foothills and have a slope between

0.28 and 0.40. Type lIE reservoirs arc foun d in hil l y  topograp hy and have
a characteristic slope on the log-log plot between 0.40 and 0.67.  Type

IV reservoirs are represented by narrow gorges and have characteristic slopes

between 0.67 and 1.0. This information is summarized in figure 4 on

which the data for the Coralville reservoir is also plotted with a slope

• of 0.34, indicating that it is a type Ii reservoir. The beta curve

fit for a type 11 reservoir is (after Moody, 1962)

p = 2.487 d0’57 (1-d)0’41 (13)

where p = the dimensionless relative sediment area at a relative distance d

above the zero elevation . The non-dimensionalization is made by dividing

actual area by the area at the zero elevation and by dividing the actua l

depth by the total height of the sediment distribution in the reservoir -•

(difference between maximum or average water surface elevation and the

zero elevation). The procedure as outlined by Borland and Miller (1960)

has been used here with minor modifications. After the amount of sediment

to be distributed is determined , a portion of the sediment is placed in the

dead storage agains t the dam , determining the new zero elevation of the reser-

• voir. Then the remainder of the sediment is placed in increments along the’

remain ing reservoir he i ght according to the empirical area - reduction re-

lationship for that part icular reservoir type. The actua l amount placed

4 a1on~ the reservo ir hei ght depends upon the surface area of the reservoir at
the zero elevation . The area of the reservoir at each elevation (relative

hei ght) is reduced by the emp ir ical rela tive area , times the area of t he
reservoir at zero elevat i on. A modification here enables the use of a smaller

area times the empirical relative area, thus decreasing the volume of sedi-

ment stored above the zero elevation .

H = UT - (14)

H • • •
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• d. = (E. — Ez)/H 
(15)

p. = c
1
d~~(l - d i ) C3 (16)

a . = p . (A /p~) (17)

v. = (E. 1 
- E . ) ( a . 1 + a.)/2 (18)

where ET = top elevation of sediment distribution; E
~ = zero elevation of

the reservoir; H = height of sediment distribution; i = index of i-th
elevation above original stream bed ; E1 

= i-th elevation of reservoir; d
~ 

=

i-th relative reservoir depth; p~ = i-th relative reservoir area lost to

sediment; c
1,c2 , c3 = emp irically determined constants of type equation

(after Moody; 1962); A1 = reservoir area at zero elevation or reduced area

for reduced sediment volume above zero elevation ; p = relative reservoir

area lost to sediment at zero elevation ; a1 = i-th reservoir area lost to

sediment; and v. = i-th reservoir volume lost to sediment (between eleva-

tions E. and E.÷1) .  The index , i refers to the elements of the arrays of
the elevation-area-volume relationship.

The portion of sediment placed in dead storage must be balanced

with the portion placed along the remaining reservoir height. Borlan d and
Mille r (1960) used an iterative scheme. First a zero elevation was selec-
ted and the relative reservoir area and the actual reservoir area at that

zero elevation were determined. If the total amount of lost volume (below

zero elevat ion and that lost above zero elevation) was the same as the volume
of trapped sediment (determined apriori) then the distribution was accepted .

Generally, if the total lost volume was too great , a lower zero elevation
was chosen and vice versa. The new trial zero elevation could not be pre-
dicted exactly from the previous calculations because of the complex re-

lat ionship among the empirical type curves, the original elevation-area-
volume relationships of the reservoir , the amount of sediment to be distributed ,
and the previous zero elevation used. Moody (1962) has also developed a

non-iterative procedure.

For the model at han d, a small modification was made in the above
procedure. A small dead volume was first selected, determining the zero ele-

vation, and the volume of sediment above zero elevation determined . If the

total volume was too small , an incrementally larger dead volume was used.
- - The process was repeated until the total volume calculated was too large. 

- V - .-- -
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Then the area of the sediment at zero elevation was reduced (reducing the

amount stored above zero elevation) unt i l  the total volume stored was cor-
rect. In effect , this mean s that in some instances , the sedimen t does not
slope all the way to the dam face but intersects the dam face horizontally.
It is thus possible to use a predictor-corrector equation to determine the

dist ribution .

D. Differential Settlinj

After the overall distribution of sediment in dead storage and

along the remaining reservoir height is accomplished as just outlined , the
proportions of sediment between successive indexed elevations that belong

to different sediment zones (clay, silt , sand)must be determined . As an
aid to determining these fractions, zj  is defined as the elevation of the top

of sediment zone j  and it corresponds to ‘

~~~

. = m~ l Xm~ 
E on the E. vs v~ array,

where X~ is the fraction of incoming sediment that is sediment component i
(j = 1 clay, 2 silt , 3 sand). It is determined by interpolation with

between appropriate values of v~ to obtain z~ between appropriate values of
E~ . Note that z1 < z 2 < z 3 and z 3 = ET [see Eq. (14)]. There are six
general cases to consider in determining ~~~ = fraction of sediment vol-

ume between indexed elevations E~ and E. +1 that is sediment component j .

Case I:
-~~~~ E. < E .  <~~1 i+l — 1

X1~~ 
= I; X2 1  = 0; X3~~ = 0 ; (19a)

.E . < E.
1 —  1 i+1 — 2

X1~~ = 0; X2~~ = 1; X3 1  = 0; (l9b)

z < E . < z
2 —  1 3

H = 0; X2 1  = 0; X3~~ 
= 1 (l9c)

~~1
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Case I I:

U . < z  < U .  < z
1 1 i + 1 — 2

= 

~
— l — E

~
)/ (E 1+i 

— U
1) ;  X2 1  = (E~~ 1 — z

1
)/ (E 141 —

X = 0  (20)
3, i

Case III:

E . < z  < z  < E .  < z
i 1—  2 1 + 1 — 3

= (z
1 

— E1)/ (E1~ 1 
— E

1
);  X2 1  = (z 2 — z

1
) / (E 1~ 1 

— E i) ;

X3~~ = (E~.,.1 - z 2)/ ( E1÷1 -E~ (21)

Case IV:

z. < E . < z  < E . < z
i — i  2 1+1 — 3

X 1~~ = 0; X
2~~ 

= (1
2 

— E
~

) / (E
~+1 

— E
1
);  X

3~~ 
= (E~~1 — z 2)/

— E
~

) (22)

Case V:
E. <z < z < z < U.

1 1—  2 —  3 1+1

X 1~~~= (z 1 — E~) / (z 3 — Ei
); X 2 1  = (z 2 —z 1) / ( z 3 — E1

) ;  X
3~~ 

=

(Z
3 

— z2 ) f ( z 3 
- U . )  (23)

Case VI:

z < U. < z < z., < U.
1—  1 2 —  a i+1

(24)
x1~~ = 0; X~~1 = (z

2 —E 1)/ ( z 3 — E1
); X

3~~ 
= (z 3 — z

2) / ( z
3 

- E~)

U . Sediment Compaction
The density of aged sediment components used in compaction de-

pends upon the age , composition , sizes , condition of submergence or non-

I~.A _______________________ —-- 
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submergence , etc. Lane and Koe lzer (1943) have proposed the following

equation for compaction of sediment :

• 1m = + K
1 

log
10 T)P

1 
+ + K

2 
log

10 
T)P

2 +
(y3 

+ K3 log 10T) P31 (25)

where ‘
~m 

= mean spec i f ic (dry) weight af ter time T, lb/ft3; y
~ 

= mean spe-
cific wei ght of sediment component i , lb/ f t 3 (1 = clay , 2 = s i l t , 3 =

sand) ; K~ = compaction coefficient of component i , lb/ ft 3; 
~ 

= fraction
of sediment in each soi l class (componen t i ) ;  and T = time in years.

In the distr ibution of sediment , one may define three zones . Zone
one is predominantly clay , zone two is predominantly s i l t  and zone three
is predominantly sand. For each distribution of sediment in each time

period , the zones may be different in location. In each zone there is

some fraction of sediment components other than the predom inant componen t
due to incomplete separation of the sediment components during settling . In

addition , two submergence zones are defined : submerged and occasionally
unsubmerged (or subject to normal reservoir drawdown) . Thus , a sedimen t
portion may be classified in two different ways with a total of 6 different
classifications . Each of these classifications wi l l  then be represented
by a particular density which wi l l  depend on the relative amounts of the
sediment components in that zone , the condi tion of submergence , the spec i f ic
wei ghts of the components and the compaction coefficients of the components
under different submergence conditions:

3

~j , k (T) = 
i~ l ~~i,k 

+ Ki k  log10Tl ~~~ (26)

where ~ k (T) = mean specific wei ght aft er time T in sediment zone j and
submergence zone k (1 = below the water surface, 2 = above the water sur-
face) ; 1i ,k = specific weight of sediment component i in submergence z on e k;

k = compaction coefficient of component i in submergence zone k;  and
p. = fraction of sediment zone j that is component i .

The development of eq.(26) proceeds from eq. (25) by considering

sediment port ions that are in a particular sediment zone and in a particular
• 

- submergence zone.

j  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~.
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One further modification of ~q. (26) is necessary to accoun t for
the length of the time period used . When the sediment distribution and
compaction calculations are performed other than every year , adj ustment
must be made for the time , T , in ~q. (26) . The age of sediment is taken
as all past time that the sediment had been deposited up to the middle of
the cur rent time period . For example , if the time period used is 104 weeks ,
and the current calculations are in the fourth time period , then the oldest
sediment is taken as 3(104) + 52 = 364 weeks = 7 years. So eq. (26) be-

comes:

3
*j,k (T) = 

i~ l N’i,k + K~~~lo~10Y]Pf~~ (27)

where T = number of the time period and
Y = N/N

i ~T - .5). (28)

The overall specific wei ght of the sediment used in eq. (3) is as follows :
3

= 
j~ 1 *~~1

(T) X~ (29)

where *(T) = the overall specific weight of the sediment at time period

T; and X3 = fraction of incoming sediment that is sediment component j .
After the sediment is distributed along the reservoir height and

• - after the various zone assignments are made based on predominant type of

material and degree of submergence, the sediment is compacted. All older
sediment distributions from previous t ime periods , their zone assignments

and their ages are sufficient information to compact all sediment portions
with respect to age , material , si ze of sediment, degree of submergence and
position in the reservoir. In the following treatment , all symbols are
retained as previously defined with the addition (where not already present)
of the time variable , T. Thus , for example , X~ 1(T) is f raction of sediment
volume between indexed elevations E 1 and E 1+1 that is sediment component j
in time period number T and v1~T) is i -th reservoir volume lost to sediment

- • 
in time period number T. The compacted volume at time period T of sediment
[which arrived earlier (say at time period ninnber N) between elevations

and E.~ 1, v . (N) ] is

3
v~ (T) = 

j~~l 
v
~

(N) X
~~~

(T) ~j , k (l)/ *j , k (T_N+l) (30)
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— where k = 1 for submerged and 2 for occasionally submerged sediments. The

accumulated total compacted sediment  at t i m e  period number T r e su l t i ng  from

all earlier inflows between elevation s F. and U. is v !(T) :
I L+ l

= 
N~ l 

v~~(T = 
N~ 1 

.?:
l 
v~ (N)  X~~ 1

(N) 
~j,k

(l)/hI
~j , k (i

~~
N+I ) (31)

F. Correct ion to Zero Flevat ion for Comp action

Af t e r  ca l cu l a t i on  of the accumulation and compaction of sed i ment ,
corrections to the zero e levat i on for compaction of sediment mus t be ,iiade .

Because of the  u n c e r t a i n t i e s  in the above mode l of sed iment d i s t r i b u t i on

as to ex ac t l y what takes place near the zero elevation , the following scheme

was selected as a reasonable approx i ma t ion  of the change in  the zero ~‘leva-
t ion  duc to compact i on . After  compaction of a l l  sed i ment components i n  a l l

zon es of d i f f e r i n g  d en s i t i e s , the tota l  dead volume is  taken as ti le com-

pacted amounts corresponding to those that were deposited in dead vo lume

in  all t ime periods before comp acti on. The new dead volum e and zero elevation

-j  

arc computed as follows :

- ‘ k2 -l I. — v
1~ 
,,(T)

l)V(T) = i~ l 
v (T) + 

~~~~ -

_

F 
(AV K2+ l

_ A V k ) ) —
~~~~~~

- --
~~

—--_- (32)
k2+l ~k2 ~~ 

v~~~(N )

where k 2 = index of indexed elevat i on just  below ‘~z before compact i on . After

the compacted dead volume is calculated in Eq. (32), the  new zero e levat i on

is in te rpola ted  from the o r ig i n a l  elevat i on-area-volume relat i onship  (F t .  A A . ,

1 W . )  wi th DV (T) between [‘V . and AV. to determine F between F . and F -
I i + l 2 I i + l

C. Sediment Slump Correct i on due to Compaction at Zero Flc’vation

Sometimes the compact ion of sediment at the  zero e l e v a t i o n  may

cause an anomaly in the reservoir su rface area in the i mmedia te  nei ghborhood
• of the zero elevat i on . The anomaly occurs in the form of a reverse slope

at the sediment surface. In pract i ce when such a s i t u a t io n  occurs the sedi-

f 
ment slumps to a natura l slope. The occurrence of t h i s  phenomenon is checked

and , when necessary , the sed i mentvolumes in the vicinity of the zero eleva-

t i o n  arc readjusted over the next  upper few e levat i ons. l~et Uk3 he tile

• I 
~-.~~——-*- —- - —— - --
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2(1

indexed elevation just  below the new zero elevation after compaction and
k3 is the index of  t h i s  elevation . Compacted sediment volumes between Uk3
and Ek2 are redistributed in proportion to the available reservoir volumes
between the relevant indices ; this  guarantees that reverse slopes w i l l  not
exist .

k2
S v !(T) - DV(T) (33)

R AV
k2+l 

- Dv(T) (34)

v~ 3(T) = [AV
k3l 

- Dv (T)] 
K 

+ DV (T) - AVk3 (35)

vl (T) = (Av .
1 

- AV.) ~-; i = k3+l , k3+2, ..  . ,k2 (36)

Ak 3 l  = (
~
Vk3+l 

- AVk3 - v k3 ( T ) ] / ( E k3 1 - E~ ) (37)

= [AV. - AV . 1 
- v!

1(T)]/(E. 
- E1 1);  i = k3+2 , k 3+3 , ..  ,k2 (38)

Sediment volumes computed by eqs. (35) and (36) are used to re-
compute reservoir surface areas given by eqs. (37) and (38) . These reser-
voir areas are checked for consistency : i .e . ,  the area at each indexed ele-
vation must be larger than that at or immediately lower indexed elevation.
If not , sediment volumes are redistributed up to the next higher elevation by
incrementing k2; sediment volumes and reservoir areas are again recomputed
using eqs. (33) through (38) with k2 = k2+l and consistency in areas is checked
again . This process is continued until  consistency is achieved.

H. Adjustment of Elevation-Area-Volume after Sedimentation

- 
-
~~ After the losses in volume are calculated , corrections to the

- • elevation-area-volume relationship are made . Adjusted reservoir volumes are
calculated by subtracting the compacted sediment volumes from the ori ginal
reservoir volumes .

i-l
V. = AV . - ~E 1 v~~(T) (39) 

- -

,

•
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Note :

i— l
= A V1, E~ < E

k3 (40)

After the adjusted reservoir volumes are obtained by ~q. (39), the average
reservoir surface areas are calculated :

A!= 0, i ’zk3 (41)

A~ = (V . — V.1 )/(E. - E~~1) (42)

where A~ = average reservoir area between indexed elevations E~~ 1 and
E~ . Equations (41) and (42) are simple prismoidal equations . At this
point, the average reservoir areas as computed by eq. (42) are checked for
consistency , i . e . ,  the average area between indexed elevations must be
greater than that at the immediately lower set of indexed elevations. In-

consistency may occur due to slump at sediment zone interfaces.

I. Correction for Slump at Sediment Zone Interfaces

Differential compaction at sediment zone interfaces may cause

reverse s lopes , i . e . ,  average reservoir surface areas between lower eleva-
tions become l arger than those at hi gher elevations . When such anomalies
are found , sediments are redistr ibuted in the neighboring elevations in
proportion to the available reservoir volumes between the relevan t indices.

S = v !
2

(T) + v! 1(T) (43)

R = ~.V1 
- AV~~2 (44)

v~~2
(T) = (AV

~~i 
- AV.2 ) ~~

- (45)

v! 1(T) = CAy . - AV . 1) ~~
- (46)

I 
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When an anomaly occurs at two or more consecutive elevation in-
dices , eqs . (43) through (46) are extended for red istr ibuti on of sedimen t
volumes between relevant additional elevation indices in the neighborhood .
After the corrections indicated by eqs. (43) through (46) are made , where
necessary , corrected sedimen t volumes given by eqs . (45) and (46) are

used to recompute reservoir volumes and average surface areas by eqs. (39)

through (42). Finall y, the average reservoir surface areas are used

to compute the index areas at each indexed elevation .

A1 = O ; i < k 3 (47)

E - E ’
A = 

k3+l ~ ~A ’ +k3+l E - E’ ‘- k3+2 - Ak3÷lJ Ak3+l (48)
k3+2 z

• E. - E.
A. = 

E. 
i~ l (A~÷1 - A!) + A!; i=k3+2, k3+3,.. . ,M (49)

i+l i—l

where M is the topmost index for elevation-area-volume for the reservoir.

(50)

A~ = 2A~3 1  - Ak3+l (51)

Equations (47) through (51) are based upon linear interpolation by using

- the average area A~ between indexed elevations E 1 and U . to compute the

area A. at each indexed elevation E..
1 1

- t

J. Sediment Redistribution to Conform with the Accumulated
Distribution Over All Ages

The redistribution of sediment to account for the slumping at the

zero elevation and at the interfaces of the sediment zones disrup ts the
• conformity between the quantities of compacted sediment of each age,

N .• 
N~ l v.(T) and the accumulated (over all ages) sediment quantities at

each elevation , v~ (T) .  For agreement of the two quantities, the compacted

sediment of each age , v~ (T) is redi stributed. This is necessary so that

- 
during subsequent t ime intervals , sediment quantities are compacted by

• 

relevant specific weights , representative of proper material , age , and

- . submergence . This redistribution of v~ (T) is accomplished as follows :

a) If ~ v~ (T) > v! CT) , then v~ (T) for each N is reduced by

‘~l I multiplication times the ratio vj (T)/J1 v~ (T) . For each

-~1 I~
— _
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• N , a “credit account” is kept to indicate the amount by which
the v~ (T) , i=1 ,.. . ,M were reduced. The credit account con-

tains the excess amounts for each N , accumulated over i=1, ...

• to be redistributed among the remaining v~ (T) .
T 1

b) For each i such that 
N~1 

v. (T) < vI (T) , the v.(T) are in-

creased progressively. First , the v~ (T) are mul tiplied by
T N  1

the ratio v!(T)/N
E
1 
v.(T) and the increase for each N is

subtracted from the credit account. If the increase for a

given N exceeds the amount in the credit account , then it
is limited to the amount left in the credit accouflt, result-

• ing in a zero balance in the credit account for that N. If

the credit account is not empty for some N , then the second

• increase of v~ (T) is made by increasing v~ (T) by whatever is
1 1 T Nleft in the credit account but not al lowing N~ 1 v . (T) to

exceed v !(T) . Subtraction of transferred amounts is made
from the credit account . The secon d increase starts with the
latest sediment and proceeds to the oldest. Whenever the

credit account becoines empty for all N , the redistribution
stops. If after the second increase , the credi t account

is still not empty for some N , then a third increase is made .
N T N

Fil l ing in of v~ (T) is made so that N~ 1 v 1(T) = v !(T)  for

ages (N) not previously inc reased in the first  two increases .
These are later ages where the reservoir had filled previously

and no new seCdments were dèpositedat low elevations . The re-

distribution can then be likened to filling of old dead storage

where cracks opened up due to compaction.
c) Step b is repeated for each inde x , 1=1 , . . .  ,M in order of

increasing i.
Theoretically, continuity is maintained and after the redistribu-

tion (which is admittedly arbitrary) N~1 
v~ (T) = v~ (T). i’l ,... ,M. Round-

off errors in the computer make it necessary to place checks on remaining

sediment to be distributed so that after an arbitrarily small amount is

left , redistribution ceases. Otherwise , small negative amounts (zeros

theoretically) are being transferred. These negative amounts have potential

for error propogation in subsegment compactions (larger T).

II
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Continui ty  is theoret ical ly  mainta ined in another way a1~ o. For

each N , the total amount at that age has not changed ; thus 
~~ 

v~ (TJ is

the same after the redistribut ion as it was before the redistribution.

Since the redistribution results in a f i l l i ng  in of lower elevations wi th
same-age sediment from higher elevations for each age (layer) of sediments ,
the fraction between each set of indexed elevations of each age that is

component j has changed [X.  1 ( N ) ) .  By keep ing track , during the compac-
tion calculations, of sediment in each zone as delineated by the zone ele-

• vations, z1, Z 2)  and z3, the fraction of compacted sediment of each com-

ponent (volumetric basis) X! can be computed similar to X. for the uncom-
Npacted sediment. The X.  ~ (N) can then be recomputed by calculating v.  =

3 M N ~~~‘ N N 3
m~ l >~‘m ~~ l v . (T) } and interpolating on the E~ vs v. (T) array with 

~~~

. be-

tween appropriate values of v~ (T) to obtain z~ between appropriate values
of E1. Note again that z! < < z~~. X. 1(N) can be recomputed now cor-

responding to post-compaction in time period number N by utilizing eqs. (19)

through (24) with z~ replacing z. and X. . (N) replacing X. . ;  N =l , . . .  ,T.
3 3 j ,~~ 3, 1

Actually the calculations of Eqs . (19) through (24) can be made directly
in terms of ~~~ . and v~ (N) instead of z! and E . and is so done in the computer
program . 

1 3 1

K. Determination of Equivalen t lin compacted Sediment Volumes

and Redefinition of Sediment Zones.

The uncompacted equivalent volumes for each v~ (T) , i=1 ,...,M;
N =l ,. . . ,T are desired so that compactions at the next time period (1+1) can

proceed in the same manner as il lustrated in sections A through J herein
for time period number 1. One method that is rather straightforward is to
solve eq. (30) for v

~
(N) by using the corrected values for v~ (T) and

This method has the disadvantage that continuity of mass is not preserved.

Sediment that was previously deposited in the occasionally submerged zone

but which now has slumped into the submerged zone will continue compaction

in successive time periods with wet zone coefficients in the sediment den-
sity formula and by using an initial density which it did not orig inal ly

have . Since sediment slumping is minor and sin ce techn iques to keep track

of original densities are extremely cumbersome and since little is known

I
-__ 1
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• about compaction of sedimen t that changes submergence zones, this procedure
was adopted for the reservoir sedimentation inc~lel. Thus , the uncompact ed

equivalen t vol ume , v 1(N) is determined from eq. (30) :

v~~(N) = v~ (T)/ E~~ 1 X~~1(N) ~j , k (l)/ ~ j , k ( T_ N 4l ) )  (52)

The recalculation of X
~~~

(N) to again correspon d to the uncom-
pacted equivalent volumes v~

(N) must also be made so they are ready for

• the next set of computations with uncompacted sediments in the next time
period. This is done in a manner similar to that just described at the

end of section J. By keep ing t rack , during the decompac tion calculations,
of sediment in each zone as delineated by the zone elevations, Zj. z~ , and
z
~
, the fraction of uncompacted sediment of each component (volumetric basis)

X~ can be computed similar to X! for the compacted sediment or X~ for the

uncompacted sediment preceding the current compaction-decompactiOn calcu-

lations. The X.  . (N) can then be recomputed by again calculating v~ =

3 M 3, 1

mh Xm~~ i
V

~~
(N) ] and interpolating on the E1 v s v ~~(N) array with v~

between appropriate values of v1(N) to obtain z~ between appropriate values
of E~

. Note again th at z 1 < z 2 < z
3. X~ 1(N) can be recomputed now cor-

responding to decompaction in time period number N by utili zing eqs . (19)

through (24) :N= 1 , . . .  ,T. Again , the calculations can be made directly in

terms of and v~ (N) instead of z~ and E~ 
and are so done in the computer

program.

III. COMPUTER PROGRAM FOR ThE RESERVOIR SIMULATION MODEL

The scheme of computations were inplemented through a computer

code written in FORTRAN IV , for use on the IBM 360/65 computer at The Uni-

versi ty of iowa , Iowa City. The simulation procedure includes generation

of sequences of time series data relating to water and sediment inflows , and

• 
pan evaporation on a we~~ ly basis. During each interval of time (week) the
water inflow is routed throug h the reservoir and the operation schedule is
used to determine the water outflow, subject to the system constraints.

~~~~- - .~
_ • . ~~~~~~~~~~~~~~~~~~~ . 
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Then from the generated pan evaporation, the relevant reservoir surface area ,
and the evaporation coefficient , the loss of storage due to evaporation is

calculated. In the present scheme other losses due to seepage, etc.,

are ignored. The reservoir head , corresponding to the net storage (af ter
deducting the evaporation loss from gross storage) , is taken as the height
of the reservoir over wh ich the incoming sediment is distributed.

The sedimentation submodel first estimates the quantity of sediment

that will be trapped in the reservoir using the entrapment model (Section IV-

B). The entrapped sediment is next distributed over the reservoir height

and compacted at regular time intervals as detailed in Section II. Based

on the extent of sedimentation , the reservoir profile is adjusted with re-

gard to the elevation -area-volume relationship.
• Further elaboration of the scheme of computations is furnished with -

brief description of the compu ter program, given below.

A. MAIN Program -

The MAIN program reads in all the system variables , parameters
and control data from the data deck . It reads in informations relating to —

the number of years for which the simulation is to be carried out , the

periods , at the end of which the accumulated sediment is to be distributed
and compacted , the reservoir inflow data, sediment characteristics for cal-

culation of densities, sediment composition in the three assigned zones of

clay , silt, and sand, fractions of incoming sediment that are components of
clay , silt , and sand , the numerical designation of the type of reservoir (as
per Borland ’ s classification) , ori ginal elevation-area-volume re la t ionship of

the reservoir, weekly evaporation coeff icients, all the parameters and the
stochastic component distributions required for the generation of the time

series values for water inflow , sediment inflow , and evaporation , the dis-

charging capacities of the spil lway and conduit at increments of 5000 acre-ft
• (6.17.106m3) of storage , and the corresponding reservoir elevations, and

the existing operation plan defined in terms of pool elevation . The MAIN

Program also computes the densities of sediments in the six sediment zones ,

divided on the basis of sediment composition and submergence, and the average
overall density of the incoming sediment. All the relevant parameters are

initialized.

Hi 
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B. Subroutine CALCMA

The MAIN Program then calls the subroutine CALCMA which calcu-

lates the weekly variances of the independent stochastic component for the water

inflow time series model. These value s wi l l  be used in the synthetic generation
of water inflow data. Such calculations are not required for sediment and
evaporation series since for these no detailed auto-covariance models were
used.

C. Subroutine INPUTS

Next the MAIN Program calls the subroutine INPUTS . Under its
• control synthetic sequences of data for water inflow, sediment inflow , and

evaporation are generated. Each discrete (weekly) sequence is of length

equal to the period of reservoir simulation. If , in the analys is, historical

data is used instead of one or more of the series , the subroutine accordingly
genera tes the data for the required process or processes only. The computa-

tions in INPUTS are made in the following steps:
a) Note the order of the selected Markov model of dependence if

for the concerned series a Markov model was used for data
generation.

b) Generate a random number from the uniform distribution over

the in terval , (0 ,1). For data generation purposes, the

random number from the uniform distribution was generated
as follows :

11
r~ = Dec[v+ r~~1

] (53)

where r~~1 = previous random number; r
~ 

= new random number; i~= any

irrational number; and Dec( ) = a function which takes only the decimal

part of the argument.

c) Calculate the independent stochastic component through l inear

• interpolation using the array of the inverse cumulative

distribution as below :

i = IntEr~ .N1 +1 (54)

= G. + 
~~~~~~~~~~~~~~~~~~~~~~~~ 

(55)

where N = number of values in arrays G and H; i = index of H array just
-

• smaller than or equal to r~ , In t ( ) = a function which takes only the whole
• 

• (integer) part of the argument; H ( . )  = array of N equally spaced number

—
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from 0 to 1 inclusive ; C ( )  = array’ of the inverse cumulative distribution
F for the independent stochastic component; and ~ = the independen t stochast ic

component calculate d throug h l inear  in te rpola t ion .

d) Calculate the dependent stochastic component i f  a Markov Model
for the time series is used .

e) Add periodicities and/or trends over the year in the selected
Markov model dependence structure if step d is relevant .

f) Add periodicities and/or trends over the year in the mean and

standard deviation .

g) Check the generated output for negative values (should be rare)

and if negative , return to step b. Multiply the final

generated values for water and sediment inflows by 1/1.6127

and 1.35 respectively so that the mean values for 10 years
agree with the h is tor ica l  values. The factors 1/ 1.6127 and 1.35
are applicable to the Coralville reservoir only.

h) Ass ign the value of the stochas tic component to the location
of the previous stochastic component; assign the prev ious
value to the loca tion of the second previous value , etc.

D. Subroutine OPERAT

Next the MAIN Program calls subroutine OPERAT which , under its
control, determines the outflow from the reservoir during the week , consid-

4’
ering the inflow , operation plan , and the system constraints. The average
reservoir storage, elevation and surfa~e area during the week are calculated

for subsequent use in subroutine EVAPCO and SEDCOH , which are called from

this subroutine.

E. Subroutine EVAPCO

Subroutine EVAPCO is then called to compute the loss of reservoir
• - storage from the average storage , the generated pan evaporation , and the

evaporation coefficient for the week, and returns the con trol to OPERAT , —

where thenet storage and the corresponding head are calculated .

F. Subroutine SEDCOM
Subroutine SEDCOM , which is the vital segment of the simulation

scheme , is called f rom subroutine OPERAT. The sediment accumulation,
- • deposition , and compaction is computed in subroutine SEDCOH. The subroutine

_ __ ___ 
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is designed to be used , in general , for any t ime inc rement other than a week ,
for any length of time , and for any des ired correction period for

f distribution and compaction . For illustration of the model , the calcu-
lations for accumulation proceed every week and the calculations for the

distribution and compaction are made every year. The periods may easily be

changed by changing the basic parameters used in the subroutine. The

cal culations in the subroutine proceed in the following steps :
a) Decide if the current time increment (week) is to be an

accumulation increment only or an accumulation, distribution

and compaction increment.

b) Accumulate water inflow (acre-ft) ,  sediment inflow (tons),

reservoir volume (acre-ft) ,  and head (ft ) in the reservoir.

c) If the time increment is for accumulation , distribution and

j compaction of sediment, index the number of the correction
period.

d) Determine the average head in the reservoir.

e) Estimate the total sediment trapped using the regression model.
f) Calculate the age of the oldest sediment and if it is

smalle r than one-year , make it equal to one year (which gives no

compaction)

g) Determine the densities of the aged sediment components.

h) If the trapped sediment is less than 10 tons, then skip following
computations and add this small amount to that trapped during
the succeeding period . Convert the trapped sediment from tons

into acre-ft.
8 

i) Calculate the relative sediment areas at each of the indexed

el evations upto  an index value just above the average reservoir
elevation during the current period. Distr ibute the sediment
along this reservoir height. This is done in the following
steps :

• (i) Determine the current zero elevation.

(ii) Interpolate and determine the new zero elevation corres-

ponding to the addition of the given increment of sediment

volume to the dead storage (a value of 3% is used here ;
other values cam be used) . Calculate the actual reservoir
area and volume at thi s elevation.
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4

(iii) Calculate the relative sediment areas at the new zero
elevation foun d in ( ii)  and other elevations above

• zero elevation upto the averag e reservoir water surface.
(iv) Distribute the sed iment areas along the reservoir

hei ght , usin g the actual reservoir area found in (ii) and
the relative sediment areas found in ( i i i ) .

(v) Sediment volumes at each elevation are calculated using
average end-area formulae , added to the dead storage ,
and accumulated .

(vi) Next, the incremental sediment volume is added to the
dead storage a~d steps (ii) through Cv) are repeated
until the total volume of distributed sediment found

in Cv) is equal to the predetermined sediment volume

trapped during the time period.
j) Separate the distributed sediment into 3 zones - clay , silt

— and sand, and interpolate the index values demarcating the zones .
k) Compact the sedimen t at each elevation with respect to the

densit ies as fun ctions of material , age , and submergence.
1) Correct the zero elevation for compaction of sediment .
m) Adjust the elevation-area-volume relation for the reservoir

considering the extent of sedimentation. Compaction of

sediment at the zero elevation and at sediment zone interfaces

may give rise to anamolies when reservoir surface areas at

higher elevations are smaller than those at lower elevations.
Check for this anamoly and , if it occurs, remove by redistributing

the sediment in the lower elevations .
e n) Redistribute the compacted sediment of each age to agree with

accumulated (over all ages) sediment distribution . This is

necessitated by the adjustment in the step m above.

o) Write out the output s - distribution of compacted sediment of

all ages , the adjusted elevation-area-volume relation and the
new zero elevation for each correction period.

p) Calculate the “equivalent” uncompacted sediment of each age

from the redistributed compacted sediment .

• q) Reinitialize all the relevant parameters for use in the next
correction period.
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r) Steps a through q are repeated un t i l  accumulated correction 
F

periods equal the total t ime period of s imulat ion .

IV . INPUTS FOR RESERVOIR SIMULATION

The inputs to the sumulation nwdei. are water inflow , sediment
inflow and evaporation. The simulation model is operated at discrete time

intervals and inputs correspond to the same intervals of time . Althoug h
in the example problem the time interval is a week , the model ~an be operated
for any other desired interval.  Each input , generated or historical , has

to be of length equivalent to the operation horizon of simu lation.

To generate such inputs , time series models are constructed and described

in this section . The models are specific to the Coralville reservoir

problem which is chosen for the demonstration of the model. These models are

built  by utilizing the recorded data to the extent available. A brief

descr iption of the Coralville reservoir preceeds the development of
the mathematical models for generation of water inflow , sediment inflow
and evaporation series .

a A. General Description of the Coralville Reservoir

The watershed of the Iowa river above the Coralville dam
-
~~ (figure 5) has the general pattern of a wi llow leaf , typical of eastern

4 ’ Iowa streams; it is long and narrow ~nd curves from the northwest to
the southeast. The river , from its headwaters to the dam site , is

about 280 miles long (450 km) . The drainage area above the dam site
is 3115 square miles (8064.3 sq km) and the average width of the catchment
area is 18.5 miles (29.8 km) . The upper 1300 square miles (3366 sq. km)
of the watershed lies on glacial till of Wisconsin age with the topography

characterized by a quite flat plain in which drainage is relatively poor.
• - Such a plain contributes relatively little to the sediment load of the

• Iowa river. The lower portion of this watershed lies upon older glacial
drif t and b ess deposits; the surface slopes more and is more susceptible

to erosion . Hence , this portion of the watershed contr ibutes the major
part of the sediment load to the river. The average precipitation for this 

-

area is about 32 inches (813 mm) annually.
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The Coralville reservoir is located at the Turkey Creek site,

5 miles (8 km) upstream from Iowa City in John son Coun ty , Iowa . The darn
rises approximately 110 feet (33.53 m) in hei ght at its maximum point
and is 1400 feet (426.7 m) long . The dam crest is at EL 743.0 feet
(226.47 m) m .s . l .  The reservoir went into operation in the year 1958.
The details of capacity and reservoir surface area versus elevation are given
in figure 6 (table Al in appendix A ) .  The pool is 17.4 mi les (28 km)

long at EL 670.0 feet (204.22 ni) m . s . l . ,  21.7 miles (34.92 km) long at
• 

- 
EL 680.0 feet (207.26 m) and at the full flood pool elevation of EL 712.0

feet (217.02 m) m . s . l . ,  the pool is 35.0 miles (56.3 km) long.
Normally, f lows into the reservoir are controlled by mean s of a

23 foot (7.01 m) circular , concrete condui t 350 feet (106.68 m) long, with
the floor at EL 646.0 feet (196.9 m). It is regulated by three 8.33 feet

(2.54 m) by 20 feet (6.1 m) vertical l i f t  gates . Maximum discharge through

the conduit varies from about 7000 cfs (198.2 m3/sec) with a 670.0 foot

(204.22 m) m.s.l. pool to 20,000 cfs (566.4 m
3/sec) at the full flood

pool level of 712.0 feet (217.02 m) m . s . l . ;  see figure 7. A concrete ,
ogee-crest , overflow spillway exists to convey water from the reservoir
under the occurrence of more rare types of floods , to keep the dam
from being overtopped. The spiliway crest is at EL 712.0 feet (217.02 m)
m . s . l . ,  and is S00 feet ( 152.4 m) long. No water has been discharged through
the spiliway to date, al though in 1969 the maximum flood elevation

was nearly reached (711.85 feet or 2 16.97 m m .s . 1 . ) .  The sp illway
- 1 rating curve is given as fi gure 8.

B. Input-Models
Reservoir Inflow. The approach adopted in thi s study for the

generation of weekly reservoir inflows involves the construction of

detailed autocovariance models for the residuals obtained after removal
of seasona l (within-the-year) periodicities in the weekly mean and
standard deviation (Croley. 1976) . The autocovariance models tested

- 
- were Markov models of various lags which preserve seasonal variations

(wi thin-the-year non-stationar ity) in the autocorrelation coefficients.
• 

• The best fit  model was determined to be a first-order Markov model with
52— week periodicities in the mean , standard deviation , and first—order
serial correlation coefficient. Inflow data is given in table Dl in appendix D.
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It i-1 pi-l [ 2 1I. = 
L~ 

a .  ~ ~~~~~~~~~ 

+ v 1 - 0 i-i~ iJ°i + “i. (56)
i—b

Where I. = reservoir inflow in week i in acre-feet/week (1234 m3/week) ;
= weekly mean for week i in acre-feet/week (1234 m3/week) as listed

in table A2 in appendix A; a~ = weekly standard deviation for week i in
acre-feet/week (1234 m

3
/week) as given in table A3 appendix A) 

~i 
=

correlation coefficient between the standardized values of week i-b with
week i as listed in table A4 in appendix A; 

~~ 
= independent stochastic

component for week i which is distributed as tabulated in table AS in
appendix A. The weekly means were estimated from the data and multiplied

by 1.bb 5, which represents an adjustmen t factor to include runoff
contributions between Marengo and the dam site. This factor was taken as
the ratio of watershed area above the darn site to that above Marengo .

Sedimen t Inflow. A detailed autocovariance model similar to
that used for reservoir inflows could not be fitted for sediment inflows
because of the paucity of continuous data (see table D2 in appendix D). Util-

izing the sediment inflow data to the extent available , a linear regression
‘equation was fitted between sediment and water inflows . The einperical dis-
tribution of the residuals was calculated and used for the generation.. o~ the

.sediment inflow time series as follows :
L 

1. -lI . 1
isi = [(C1 +c 2 (~~~~~~

‘))a
5 ~~~ +

~~j K (57)

Where IS~ = sediment inflow in week i in tons/week (907.18 kg/week) ; us1
H and a~~ = weekly mean and standard deviation, respectively, of sediment

inflow for week i in tons/week (907.18 kg/week ) (tables A6 and A7 in
appendix A); I i = res ervoir inflow in week i in acre-feet/week (1234 m3/week) ;
C1 and C2 are regression constants (0.0547 and 0.3074 respectively) ; ~~ 

=

independent stochastic component of sediment inflow for week i , with its

empirical distribution given in table A8 in appendix A; K = an
• 

- adjustment factor , 1. 35, derived from sediment studies such that the

predicted reservoir sedimentation agrees with that observed during the
1958-68 decade.

Sediment Entrapmen t. As the sedimen t flows into the reservoir ,
only a part of it is trapped depending upon the period of the year , the

size and shape of the reservoir , the inflowing amounts of water and

sediment , the outflow fr om the reservoir , the reservoir volum e during the

t
- - -- -• - 5— ——--
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time peri od unde r consideration , the detention time of the reservoir ,
the character of the sed imen t , the outlet characteristi cs of the reservoir ,
and its operation . In this study the outlet characteristics of the

• reservoir are considered as unchanging throughout the operation life

and changes in the size and shape of the reservoir and character of

the incoming sediment are taken as insignificant with regard to
influences on sedimen t entrapment . Regression analysis allowed elimination

of many factors; sediment inflow, reservoir outflow, and reservoir volume

were indicated as being signif icant influences on sediment entrapmen t for
the Coralville Reservoir.

Sediment entrapmen t in the reservoir is estimated herein with

a linear regression model based upon the available historical data for

the Coralville Reservoir :

St. = C + C IS. + C d. + C V. (58)
i 3 4 i S i  6 i

Where St~ = sediment trapped in week i in tons/week (907.18 k g/week) ;

IS. = sedimen t inflow in week i in tons/week (907. 18 kg/week) ; d
~ 

=

3release of water in acre-feet/week (1234 in /week); V. = volume of water

in the reservoir during week i in acre-feet/week (1234 m3/week) and

C3, C4, C5 and C6 are regression constants , whose values are 111.68, 0.988,
-0.1172 and 0.0215, respectively. When sufficient data on sediment inflow
is not available -to allow regression analysis, Brune ’s ( 1953) method may
be used for the same purpose.

Evaporation. There are many models in the literature for the

calculation of reservoir evaporation. The drawback of these models is the
a amount of data required for estimates of reservoir evaporation . Without

-•  
resort to simulation of other time series of wind speed and di rection ,

relative humidity, temperature of air, temperature of water, etc., the

utility of these models is very limited . In view of the complexities in

real evaporation, the inherent error in all models, and the requirements

of complex models, a simplified procedure was used in this study. At

Iowa City [about 5 miles (8 km) from the Coralville reservoir] daily

observations of pan evaporation are being made (U.S. Weather Bureau,

• Climatobogical Data). Unfortunately, the collection of data is confined

only to the non-winter months (April through October), listed in table D3

— 
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in appendix D . The discontinuity of data (although data is available
for sufficiently long periods of time) does not allow the construction

of a detailed auto-covariance time series model for pan evaporation.

However, the missing data can be estimated by making use of Adolph F.
Meyer’s, “Evaporation from Lakes and Reservoirs”, and the Weather

Bureau ’s, “Evaporation Maps of the U.S.,’.
Assuming that weekly pan evaporation is serially independent

(data is insufficient to establish independence) the standardized

values can be used to estimate the distribution of the independent

stochastic component in the following relation

E. = 1
~e 

+ 0e. ~e. 
(59)

1 1 1

where E
~ 

= weekly pan evaporation for week i in inches/week (254 mm/week);

ue~ weekly mean pan evaporation for week i in inches/week (254 mm/week);

ae
~ 

weekly standard deviation of pan evaporation in inches/week (254

mm/week); and ~ej = independent stochastic component of pan evaporation

for week i. The published evaporation maps and Meyer’s work were used to

fill in values of the weekly means impossible to estimate from the data.

The weekly mean pan evaporation shows considerable variation over the

year as given in table A9 in appendix A. However, the standard deviation

does not show any significant trend over the non-winter months for which
data was available for estimation. Since there appear to be no readily

apparent physical reasons why pan evaporation variation should be

different during the winter months, the average value of 0.3805 inchcs/week
a (9.66 nm/week), (obtained over the non-winter months) was adopted for the

standard deviation throughout the year. The distribution for the

independent stochastic component was estimated from available data and used
throughout the year (table AlO in appendix A). The weekly reservoir

evaporation may be then computed by multiplying generated pan evaporation

by the appropriate pan coefficient and by the reservoir area corresponding

to the calculated reservoir volume of pool elevation for that week. —

The pan coefficient is a periodic deterministic function for the

— 

week of the year for any particular location. The function is supposed

to depend upon climatic conditions, pan type, location, and local

•
~~ 

conditions with respect to the reservoir, etc. For the period Apri l
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through October, the weekly pain coefficients are estimated from the

available pan evaporation data and Meyer ’s “Evaporation from Lakes
— and Reservoirs”. The weekly pan coefficients during this period (April

through October) show an increasing trend with time. The trend indicates

that the coefficients increase with increases in mean daily temperature.

Considering this trend and the fall of temperatures beyond October

(November throug h March) the values of the weekly pan coeff icients during
the rest of the period were subjectively estimated. Table All in appendix A

contains the values of the weekly pan coefficients.

Reservoir Operation. The operation schedule used in the

simulation scheme is the existing reservoir operationpian of the

reservoir. The operation plan is described schematically in fi gure 9.
This plan was formulated by the United States Army Corps of Engineers ,
and provides primarily flood protection to the downstream regions.

Under this plan the storage is not expected to exceed the spi liway crest
at EL 712.00 feet (217.02 m). The plan features a flood season (15 February

through 15 June) pool elevation of 670.0 feet (17000 acre-feet or 20.97x

10 m , of storage); a summer (15 June through 25 September) level of

680.0 feet (50800 acre-feet of storage); a fall (25 September through

15 December) level of 683.0 feet (55700 acre-feet of storage or 68.69x

106m
3 ) ; and a winter (15 December through 1 February) bevel of 680.0

feet (207.26 in). The higher level in the fall was to provide a better

habitat for migratory water fowl during the hunting season.

— -
~ In the simulation scheme,the operation rule determines the

outflow during each interval of time to the extent practicable in

consideration of the inflow during the interval, the reservoir state at the

beginning of the interval, and the desired pool level of the plan. In

case the outflow is more than the combined capacities of the spillway

- - 
and the conduit, the outflow is limited to the latter quantity. On tiE
other hand, if the determined outflows is less than the required

• discharge over the ungated spillway, then it is constrained to that quantity.

After determining the eventual outflow that satisfies all the

system constraints, the resulting reservoir state and the corresponding

reservoir surface area are computed . The evaporation model estimates the

quantity of water evaporated during the period considering the generated

- 
-

- pan evaporation for the time interval, the relevant evaporation coefficient,
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and the reservoir surface area. By us ing this information the
net reservoir volume after evaporation is computed .

V. APPLICATION TO THE CORALVILLE RESERVOIR

The reservoir simulation model was applied to the Coralville
reservoir for its demonstration. In this example, analysis is carried

out on the basis of a weekly simulation; however, any other time interval

of simulation cart be adopted with minor alterations.

A. Data Input

General features of the Coralville reservoir, along with the

input models for water inflow, sediment inflow, sediment entrapment and
evaporation are described in section IV. Relevant input data for the

Coralville reservoir on reservoir characteristics, spiliway and conduit
dicharge , water and sediment inflow , pan evaporation , pan evaporation
coefficients, and reservoir operation plan, required for construction
of the simulation model, are included in fi gure 5 through 9 in section IV - -

and in tables Al through All in appendix A. Available raw data on

: ‘, water inflow, sediment inflow and evaporation are included in tables

Dl through D3 in appendix D.

The following data on sediment fractions in inflow and sediment

density characteristics were used: 61% clay, 38% silt, and 1% sand.

Only two levels of submergence are used herein : sediment always submerged

(lower level) and sediment occasionally submerged (upper level). In the

lower level, the natural densities (lb/ft3) and compaction coefficients are

as follows: 30 and 16.0 for clay, 65 and 5.7 for silt, and 93 and 0.0 for

sand. In the upper level, the natural densities (lb/ft 3) and compaction

coefficients are as follows: 46 and 10.7 for clay, 74 and 2.7 for silt, and

93 and 0.0 for sand. These values are taken from Lane and Koelzer(1943),

and can be replaced by actual values, if available. Sediment deposits

are divided into 3 component zones: mostly clay, mostly silt, and mostly

sand. The composition of each zone is as follows: 95% clay, 5% silt, and
- a 0% sand in the mostly clay zone, 7% clay, 80% silt, and 13% sand in the mpstly

silt zone, and 0% clay, 10% silt, and 90% sand in the mostly sand zone.

1
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The program was run with these input values for a simulation period
of 10 years, 1958-1968. Adjustment for compaction and slump is made at

two intervals of time: weekly and yearly, for comparison purposes. The

listing of the program along with the output is given in appendix B. A

list of the variables used in the computer program is given in appendix C.

B. Comparison with Actual Survey Data

The Coralville reservoir went into operation in 1958. Sediment

surveys in the reservoir were made in 1964 and 1968. To check the validity

of the model, a comparison is made between the adjusted reservoir elevation-

area-volume relationship obtained from survey data with that computed by the

simulation model. For this purpose, the historical water inflow for the

• period 1958-1968 (see table Dl in appendix D) were used. However, actual

sediment inflow data for the same period could not be used, since such

data for the whole period are not available; generated sediment inflow

data are used instead.

The elevation-area-volume relationship computed by the model ,

along with that obtained from survey of 1958 (when the reservoir went into

operation) and 1968 is given in table 1. Incremental sediment volumes

• deposited between different elevations given by the model after 10 years

of operation (1958-68) are also compared with those obtained from 1968 survey

in table 1. A note may be made here regarding the 1958 and 1968 survey
data. Since cumulative reservoir capacities are given at certain contour

intervals (sometimes as large as 10 ft) by the Corps of Engineers, it is

necessary for comparison purposes to interpolate between indicated

elevations. Such interpolation involves some uncertainty and so a

spread of the survey data is used to account for this. Consideration of

this spread becomes particularly significant in the case of the incremental

sediment volumes, which are obtained as incremental capacities for the

1958 survey minus those for the 1968 survey between corresponding elevations. -
~

This spread in survey data is shown in the last column of table 1. Cumula-

tive reservoir capacities and areas are plotted in figure 10. Incremental

sediment volumes along with the spread of the survey data are presented

in figure 11. A comparison of model results and survey data in table 1
• and figures 10 and 11 shows very good agreement, except at higher levations.

It is observed from table 1 that model results show no sediment deposition

above elevation 678.00, while survey data shows sediment deposition (or

— ~~~~~ 
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Table I

Co.parison of Capacitic , . Ar eas and $.diaent Vo%p .aes for th.

Elevati on Cujiulative Capacities Cumulative Areas Sedimen t Vol um es (lncr.ucntsI)
(Ft.HSL) (acre-Ct) (acres) (acrc .ft)

1958 19*8 19*8 1958 19*8 19*8 1968 10*8 Range of

• Survey Survey Coni’uied Survey Survey Computed Computed Survey 19*8 survey
wet4 ly weeUy weckly
correction correction correction
yearl y yearly yearly
correc tion correction Correction

0 0
650 0 0 92 0 250

O - 250 ~~
652 250 0 0 157 0 380

0 ~-g~ 380 *140
654 630 0 2*2 0 670

0 
570 *420

0656 1300 100 392 75 900o 0 700 *620
658 2200 300 0 0600 1653•3 1317 1040 ±380

875 300660 3700 760 ,-
~~ 

1783
340 109 T~7Y 

1260 *410
662 5700 1500 

~~~~~~~ 
102S 460 

~~~~~ 1882
588 L ii j~~-y 1000 ~71s

664 7800 2600 1075 600
900 ±1908782666 10000 3900 1300 715 315 1S31

~~~
-‘

~~ 
1200 ±38001819 885 1631$ 668 13000 5700 ~ -~~~~~- 1750 1040 

~~~~~ 1496
4323 149* 

1640 ±2400
670 17000 8060 2 125 1350 T!IT 1021

1802 033 i7~~ 1460 *1020
672 21500 11100 2450 1885 l~7~ us 1000 ±266012457 2485 T~o
674 21000 15600 

~~ 
2825 2775 

~~~~~~~ 715

676 33000 22200 17742 3185 ~~~~~~~ 
-600 *3000

3500 36251T37T ~oii S43
25199 4278 100 ±3680

4450 4204678 41000 30100 -
~

--
~
=

~~~
- 144 $85 ±2520348 55 46804750 4975680 50800 3901S us

43020 5508682 60000 50000 5550 5746
• 43790 5550 34

56886
- - 684 73000 62000 7000 6050 6990 1000

718 9 774 7686 88000 74 200 ,.,~ 
2800

7750 7500
-

• 87874 8172 
1800

688 104000 92000 s~
-
~~~ 

8175 8672

690 120700 108890 10-1 569 9000 9300 8998
i~ ii~ o S -1010123864 10423692 14000 129200 10425 10518 

~~~~~ ~- a. 146261694 162400 151200 12250 11575 12249 ~ 400
i~~~~~o 12250 2
1728S9 13650 ~ 2300

696 189000 175500 
~~~~~~ 

13650 23200 
~~~~~ 0 .S00

698 217 000 204000 200859 14375 ~14375 14816
~~~~~ 0

700 246500 2 34763 230359 15500 ~ .1265
issoo 1637$ 

~~~~~ 0
262859 17375 ~ -2235

702 279000 269500 p.-
~

-
~~~~ 

17375 1 7634 p-gy~
- 

~
704 316000 305300 299859 19525 ~ 3200

19525 18450
340989 21000 20075 2 1000 3100

706 357100 343300
0

383859 21725 ~ 600
708 400000 38560 0 2172 5 22197 !rnT 0427859 23000 ~710 444000 432090 427790 23000 2 3655 

~~~~~ 0
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Figure II. Comparison of Sediment Volumes Computed by Model and from
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erosion) throughout the height of the reservoir. This discrepancy

is due to the fact that the model presented herein is applicable Up to

the averag e pool l evel prevai l ing du ring the period of reservoir
operation. Deve lopment of the delta and consequent deposition or erosion
in the upper reaches of reservoirs are not accounted for in the

present model. Some uncertainty exists in comparing incremental sediment

volumes due to inaccuracies involved in interpolating between given elevation

indices of survey data. In spite of this difficulty, computed values, as

• shown in figure 11, lie approximately in the middle of the spread of the

survey data.
Table 1 shows cumulative capacities, areas, and incremental

sediment volumes computed by the model for both weekly and yearly corrections.

It is found that the model results with yearly correction are closer to the

survey data than those for weekly corrections. Table 2 shows model

results for the 10-year corrections, which are even closer to the

survey data. Thus, larger intervals of correction are found to give better

results in this example. This may be explained by the fact that the area-

reduction method (Borland and Miller, 1960), on which this model is based,

is derived from survey data of reservoirs with sedimentation periods of

10 or more years; so this method is applicable to larger periods of sedimenta-

tion. More of this aspect of the Borland method is discussed in the next

section.

C. Comparison with Borland and Miller ’s Origina l Method
The area-reduction method as suggested by Borland and Miller

(1960) is used to compute revised capacities and areas after 10 years of

sedimentation (1958-1968). Relevant compuations are presented in table 3.

Average pool elevations and the total sediment volumes trapped in the

reservoir used in this computation are the same as those used in the computer

model. Comparisons of revised capacities and areas with model and

-

. 
- - survey results are shown in table 2. It is found that the model results

with either the weekly, yearly or 10-year correction give better agreement

with survey data than those given by Borland’s original method. This

4 establishes that definite improvement has been made by the introduction

of compaction and slump corrections in the present computer model.

- 
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- Table 3 
-

Computations for Borland Methods
(Period 1958-1968)

• 1st Trial 2nd Trial
El... Orig. Orig. P A Sed. area Sed. vol. Sed. area Sed. vol. Revised Revised

capac- area p — capac- capac-
ity ity ity
(a-ft) (acres) (acres) (a-ft) (acres) (a-ft) (a-ft) (acres)

650 0 92.5 0 0 92.5 92.5 0 0

H 652 250 157.5 . 073 . 542 157.5 157.5 250 0 0j 654 630 262.5 . 146 . 778 262.5 380 262.5 380 0 0
656 1300 392.5 .219 .946 392.5 670 392.5 670 o o
658 2200 600 .292 1.070 600 900 600 900 o 0
660 3700 875 .365 1.162 875 

1500 875 1500 o
**660 5 912.5 .383 1.180 1799 1824

662 5700 1025 .438 1.227 924 1877 1927 176 76

664 7800 1075 .511 1.265 953 1915 978 
1965

666 10000 1300 .584 1.277 962 1912 987 1963 584 313

668 13000 1750 .657 1.262 950 1865 976 1916 1621 774

670 17000 2125 . 730 1.215 915 1764 940 1812 3705 1185

672 21500 2450 .803 1.127 849 1587 872 1630 6393 Z 1578

674 27000 2825 . 876 . 980 738 1274 758 1308 10263 2067
676 33000 3500 .949 .712 536 536 550 550 14 55 2950

678 41000 4450 1.00 0 0 0 22405 4450

-‘ • First trial zero elevation TOTAL: 18229 18595
•~ Second trial zero elevation

Average Water Depth - 27.4 ft

Sediment Trapped - ~~~~ 4 3 0  = 18 ,815 acre-ft

A
~ 

2.487 p°~
57(1-p)°~
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D. Discussion of Results and Suggested Applications

The revised capacity and area curves and incremental sediment

volumes calculated by the computer model for the Coralville reservoir

after 10 years of sedimentation (1958-68) show good agreement with the

survey data (see tables 1 and 2). The empirical area-reduction procedure
as suggested by Borland and Miller (1960) has been modified for use

in the present model. In addition, a procedure for compaction of
deposited sediment and necessary slump corrections due to differential

settling in the vicinity of zero elevation and at the sediment zone

interfaces have been incorporated in the mode l to improve the results.
Borland ’s ori ginal method is applicable to large sedimentation per iods ,
say 10 years or more. This method is not quite as app licable to smaller
sedimentation periods like one or two years. For example, Borland ’s

• method , when applied to the Coralville reservoir for -a one-year sedimentation

period , breaks down completely. The modified procedure as used in the

present model permits sediment computations for any interval of sedimentation .
However, accuracy decreases slightly for shorter sedimentation periods.
This aspect of the present model is useful sinc-e sometimes it - -

may be necessary to estimate the effect of sedimentation after a

short period, say two or five years. For example, when optimizing the operation

of a multipurpose reservoir, it may be necessary to estimate the effects of

sedimentation on reservoir capacity and area relations and consequently

on operat ion rules , and vice versa, every five years, two years or shorter
periods for achieving maximum benefits.

The accuracy of the model can be improved by the following
procedure . The modified procedure as used in the present model requires the
placement of some preselected fraction (say B) of incoming sediment volume

in the dead storage. The accuracy of the model results is sensitive to

the value of B selected. An arbitrary small value of B may not improve

accuracy, and is likely to be contrary to such expectation. To examine

the sensitivity of B, the mddel was applied to the Coralville reservoir 
• 

-

with yearly and 10-year corrections for different values of 8.  The results -

are shown in tables 4 and 5. It is observed that both the zero elevation
and distribution of sediments with height are sensitive to the value
of B. In this example, 8 O .IO gives the best agreement with survey data.

_  - -- ~~~~~~~~~ - -- --., ~~~~~ 

-

~~~
a C - _ _

~~~~j~~~~~~~
. 

- 
- - - - - • - - ~~~--~~~~~~--

, 
-
~~~~~ 

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

-
~~~~~~ - ... - - ‘. -. c a

_.
~~

_.-
~~~~

- - - •~~~*~~i- - -~~- i  .



v - .-

51

Table 4

Comparison of Model Results wi th Different Values of B
(Yearly Correction)

Capacity (acre-ft) after .10 years
El. with mode l (yearly corrections) Survey Borland

B— .0l 8= .03 $i .l0 B= .20 1968 (10 years interval)

650 0 0 0 0 0 0
652 0 0 0 0 0 0

654 
- 

0 0 0 0 0 0

656 0 0 C 0 100 0

658 79 83 0 0 300 0

660 353 384 510 0 760 0

662 981 1007 1191 830 1500 176

664 1608 1660 1886 1701 2600 349

666 2277 2329 2615 2615 3900 584

668 3634 3698 3965 4016 5700 1621

670 5849 5900 6142 6244 8060 3705
672 8628 8664 8832 8958 11100 6393

674 12575 12594 12683 12815 15600 10263

676 17341 17344 17360 17490 . 22200 14955
• 678 24797 24791 24776 24902 30100 22405

Zero Elev. 650.15 650.44 651.28 652.24 - -

afterlyr
Zero Elev. 656.75 656.58 658.71 660.49 ‘.658.0 660.50
after 10 yrs.

Total sedimen t 16205 16210 16225 16098 10900+ 18595
Vol . (acre-ft)
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Table 5 -

Comparison of Model Results with Different Values of B
(10-yearly correction)

El Capacity (acre-ft) after 10 years
with model (10-year corrections) Survey Borland

6 — .01 B= .03 B= .l0 B= .20 1968

650 0 0 0 0 0 0

652 0 0 0 0 0 0

654 0 0 0 0 0 0
656 0 0 0 0 100 0

658 0 0 0 0 300 0

660 578 572 0 0 760 0 -

662 1305 1287 1190 854 1500 176

664 2068 2039 2439 1751 2600 349

666 2867 2826 3748 2691 3900 584

668 4371 4306 5248 4193 5700 1621

670 6545 6461 7422 6403 8060 3705

• 672 9318 9216 10194 9210 11100 6393

674 13264 13146 14139 13186 15600 10263

676 18014 17883 18889 17961 22200 14955

678 25477 25336 26353 25435 30100 22405

Zero Elev . 659.47 656.68 660.62 661.96 ~.658.0 660.50

Total sediment 15553 15664 14647 15565 10900+ 18595 —

Vol . - (acre-ft)

~ ~~
-
~~ .-‘
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The value of B for best fit is l ikely  to va ry from reservoir to reservoir
and from one sedimentation period to another. It is suggested that the

value of B should be carefully selected by calibrating the model with

known results.

It is remarkable to observe from tables 1, 2, 4, and 5, that the

model results with weekly and yearly corrections (with 8= .03 in tables

1 and 2, B varying in tables 4 and 5) are fairly close to the survey data.

However, it is suggested that, for the best results, the interval of

correction for compaction and slump should be five to ten years for
larger periods (10 years or more) of sedimentation.

The present model is not applicable to the upper reaches of

reservoirs. The model results should be considered valid up to the

average pool level prevailing during the period of reservoir operation .
Development of delta and consequent deposition or erosion in the upper

reaches of reservoirs are not accounted for in the present model.

VI . SUMMARY AND CONCLUSIONS

Sedimentation in reservoirs is governed by several factors,

e.g., water and sediment inflows, sediment characteristics, reservoir
operation rules, shape and size of the reservoir, evaporation, etc. The

interaction of all these factors presents too complex a situation to permit

an analytical approach for estimating the resulting consequences relating

to sedimentation. To overcome this difficulty, a simulation scheme is

developed with all aspects of the problem represented .

The simulation scheme estimates the changes in reservoir profile

due to sedimentation resulting from the combined effects of water and
sediment inflows, reservoir operation rules, size and shape of reservoir,

and evaporation. The computer simulation model developed includes several

input submodels to supply necessary input data to the sedimentation

submodel, which forms the heart of the simulation scheme. The input

submodels include construction of synthetic time series models for water

inflow, sediment inflow, and evaporation, and an operation submodel which
- 

- - estimates outflow and reservoir pool level using inflows, evaporation,

the operation rule, and reservoir characteristics. The stochastic nature of

the sedimentation process is taken care of indirectly by the introduction

_
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of stochastic time series for inputs. Using the data generated by the
input submodels, the sedimentation submodel estimates the total volume of

sediment entrapped in the reservoir in a selected time interval , and then
distributes this over the height of the reservoir. Deposited sediments

are compacted using appropriate specific weights at the end of each time

interval. Necessary corrections are applied to remove any anomalies

caused by slumping due to differential  compaction of different  sediment

components (sand, silt and c lay) in the vicinity of the zero elevation
and at the sediment zone interfaces. The simulation model , at the end
of each time interval , outputs the water outflow , the reservoir pool

elevation, the volume of deposited sediment with its distribution over the

reservoir height, the resulting new zero elevation- -and the adjusted

elevation-area-volume relationship.

The procedure for distribution of sediment over the reservoir

height is based on a modified version of the empirical area-reduction

method developed by Borland and Miller (1960). Borland’s original
method is applicable to reservoirs with relatively large periods (10 years

or more) of sedimentation. A modification of Borland’s procedure has
been incorporated into the present model to extend its applicability to any

interval of sedimentation. This modification enables the use of the

- ~~
- model to estimate the effects of sedimentation on the reservoir profile

after a short interval (one year or less),  which mi ght be important in evolving
a flexible operation rule, based on a changing reservo ir prof i le , for
optimum utilization of a multipurpose reservoir.

--  ~- The validity of the mode l was checked by application to the

Coralville reservoir on the Iowa river near Iowa City, Iowa. The total

period of simulation was -10 years (1958-68) and the interval of correction

for compaction and slump was varied from one week to 10 years. Close

agreement was observed between the mode l results and actual survey data.

Larger intervals of correction were found to give better agreement with

survey data. It has been demonstrated that the procedure for compaction

and consequent slump corrections, as incorporated in the presen t model , - 
-

gives significant improvement over Borland’s original procedure.

The simulation model is quite general in operation and can be

applied to any reservoir for any length of oper ation and for any interval

• of correction for compaction and slump. For application to a particular
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reservoir, input submodels for generating inflows, operation submodel
and sediment entrappment submodel may need some modification or

replacement relevant to the reservoir in consideration.

The present model is not applicable to the upper reaches of
reservoirs. The model results should be considered valid upto the

average pool level prevailing during the period of reservoir operation .

Development of delta and consequent deposition or erosion in the

upper reaches of reservoirs are not accounted for in the present model.
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Table Al. Area-Capacity Relation for Coralville Reservoir

Elevation Area Capacity
(ft) (acres) (acre-ft)

650 0 0
655 360 900
660 760 3700
665 1370 9000
670 1820 17000
675 3400 30000
680 4900 50800
685 6850 80200
690 9350 120700
695 12500 175300 

-

700 16000 246500
705 19800 336000
710 23330 444000
715 26700 569200
720 30200 712000

Table A2. Weekly Mean (uj) of Iowa River Flows into Reservoir
(Week No. 1 I October-7)

i Tij~ 1

(acre-ft) (acre-ft) (acre-ft) (acre-ft)

1 15847.35 14 11344.42 27 35923.82 40 40426.76
2 14167.78 15 12660.44 28 37603.41 41 39110.75

- , 1 3 12659.10 16 14169.33 29 39112.07 42 37601.85
4 11343.32 17 15849.03 30 40427.87 43 35922.26

- j 5 10239.57 18 17675.10 31 41531.60 44 34096.19
6 9363.95 19 19620.80 32 42407.25 45 32150.37
7 8729.36 20 21657.94 33 43041 .94 46 30113.26

-~~~ 8 8344.83 21 23756.71 34 43426.37 47 28014.48
9 8216.06 22 25886.60 35 43555.14 48 25884 .58
10 8345.05 23 28016.37 36 43426.14 49 23754.82
11 8729.80 24 30115.14 37 43041.39 50 21656.03
12 9364.73 25 32152.16 38 42406.46 51 19619.03
13 10240.46 26 34097.87 39 41530.73 52 17673.32

f — V —-— — . - S
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Table A3. Weekly Standard Deviation (°~) of Iowa River Flows into
Reservoir (Week No. 1 E 1 October-7)

0 .

(acre-ft) (acre-ft) (acre-ft) (acre~ft)

1 12246.5 14 41051.0 27 31392.3 40 36160.9
2 8820.0 15 40682.8 28 37270.3 41 34077.6
3 6372.0 16 38691.7 29 43002.7 42 32784.2
4 5254.6 17 35379.3 30 48046.9 43 32170.0
5 5689.6 18 31204.7 31 51952.6 44 32003.9
6 7733.1 19 26730.9 32 54411.6 45 31975.2
7 11259.5 20 22557.6 33 55287.8 46 31745.9
8 15968.7 21 19250.8 34 54625.4 47 31006.0
9 21416.0 22 17274.9 35 52633.9 48 29526.1

— 10 27061.1 23 16938.8 36 49657.8 49 27198.2
11 32330.4 24 18360.3 37 46100. 8 50 24059 4
12 36885.3 25 21453.5 38 42416.9 51 20295.3
13 39687.0 26 25941.7 39 39000.7 52 16221.4

Table A4. Weekly Lag One Serial Correlation (~~~) of Iowa River
Flows into Reservoir (Week No. 1 1 October-i)

i pi 
i p

i _ 
i p

1 i p
i

1 0.6283 14 0.732 2 27 0.6283 40 0.7322
2 0.6283 15 0.5729 28 0.6282 41 0.5729
3 0.7969 16 0.6103 29 0.7969 42 0.6103
4 0.9201 17 0.6960 30 0.9201 43 0.6960
5 0.8047 18 0.6558 31 0.8047 44 0.6558
6 0.6064 19 0.6076 32 0.6064 45 0.6076
7 0.5797 20 0.7305 33 0.5797 46 0.7305
8 0.6777 21 0.9022 34 0.6777 47 0.9022
9 0.6817 22 0.8670 35 0.6817 48 0.8670
10 0.6093 23 0.6622 36 0.6093 49 0.6622
11 0.6710 24 0.5649 37 0.6710 50 0.5649
12 0.8581 25 0.6464 38 0.8581 51 0.6464
13 0.9079 26 0.6970 39 0.9079 52 0.6970
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Table AS. Empirical Cumulative Frequency Distribut i on , F(~ .) of
the Indcpendcnt Stochastic Component of Iowa RivJ
J: 1ow~; into I~cservo.j r

~~~~~ . 
F (

~~S.
) F(~~~ )

I I 1 1 1 1 1

0 .01) -5.560 0.26 -0.331 0.52 -0.139 0.78 0.095
-1.578 0.28 -0.314 0.54 -0.120 0.80 0.141

I I  1)4 -0.951 0.30 -0.300 0.56 -0. 104 0.82 0.212
0.1)6 -.0800 0.32 -0.286 0.58 -0.090 0.84 0.297
41 .08 -0.674 0.34 -0.272 0.60 -0.075 0.86 0.352
0 . 1 0  -0.614 0.36 -0.258 0.62 -0.064 0.88 0.456
0.12 -0.565 0.38 -.0246 0.64 -0.055 0.90 0.616
0.14 -0.511 0.40 -0.235 0.66 -0.044 0.92 0.851
0.16 -0.477 0.42 -0.224 0.68 -0.034 0.94 1.280
0.18 -0.440 0.44 -0.211 0.70 -0.023 0.96 1.876
(1 .20 -0.407 0.46 -0.191 0.72 -0.005 0.98 2.993
0.22 -0.379 0.48 -0.172 0.74 0.015 1.00 10.362
(1 .24 -0.350 0.50 -0.153 0.76 0.054

Table A .  Weekly Mean (~ 5~ ) of Iowa River Sediment Inf lows into
Reservoi r (Week No. I I October-7)

I iis~ i 
~~ Us~ LI sj

-- 
(tons) (tons) (tons) (tons)

4-

1 10635.2 14 462.5 27 57339. 1 40 80908.8
2 19500.6 15 29224.5 28 60755.3 41 7294 1.8
3 7562.6 16 864.1 29 60562.5 42 81639.6
4 20534.9 17 31611.6 30 133640.5 43 44858.3
5 14789.9 18 48579.1 31 30093.3 44 26809.6
6 L1l69.2 19 26612.1 32 17604.5 45 52613.1
7 6935.1 20 44944.3 33 30699.4 46 41186.7
8 5743.5 21 11939.9 34 40856.1 47 23406.0
9 13597.5 22 2110.5 35 42539.3 48 13447.1

10 5232.3 23 50095.0 36 62643. 7 49 12469.9
11 8867.9 24 49893.5 37 70532.1 50 6909.4
12 6066.2 25 60178.6 38 53329.8 51 6333.8
13 2998.5 26 40955.9 39 73782.8 52 8914.5
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Table A7. Weekly Standard Deviation (a~~) of Iowa River Sediment
Inflow into Reservoir (Week No. 1 1 October-7)

i as1 
i i osi i 0

51
(tons) (tons) (tons) (tons)

1 11574.6 14 267.6 27 78937.3 40 72836.2
2 21588.1 15 13347.0 28 70545.9 41 103228.0
3 7538.9 16 667.7 29 56497.4 42 123676.0
4 33815.4 17 28570.7 30 138382.8 43 45608.5
5 18856.0 18 43423.2 31 17124.4 44 27234.3
6 12339.4 19 23928.6 32 11091.6 45 30677.9
7 8443.6 20 40944.5 33 20139.4 46 41376.8
8 6602.2 21 10824.1 34 40950.7 47 14190.6
9 14879.1 22 1879.3 35 44075.0 48 10383.8
10 5948.3 23 32870.4 36 49497.8 49 10472.8
11 14535.3 24 33172.5 37 65293.1 50 5889.5
12 7166.5 25 36830.0 38 62691.5 51 8497.7
13 2862.9 26 44088.5 39 41767.5 52 13249.0

Table A8. Empirical Cumulative Frequency Distribution, F(~5)of the Independent Stochastic Component , 
~~ 

of I
Iowa River Sediment Inflows into Reservoir i

F(~ 5
) ‘

~~~S) 
~~~~~ . ~~S.

1 1 1 1 1 1 1 1

0.00 -2.200 0.26 -0.497 0.52 -0.307 0.78 0.281
0.02 -1.374 0.28 -0.488 0.54 -0.281 0.80 0.401
0.04 -0.970 0.30 -0.475 0.56 -0.257 0.82 0.569
0.06 -0.873 0.32 -0.463 0.58 -0.244 0.84 0.722
0.08 -0.792 0.34 -0.447 0.60 -0.226 0.86 0.863
0.10 -0.748 0.36 -0.432 0.62 -0.209 0.88 1.086
0.12 —0.680 0.38 -0.423 0.64 -0.189 0.90 1.472
0.14 -0.635 0.40 -0.402 0.66 -0.138 0.92 1.902
0.16 -0.601 0.42 -0.387 0.68 -0.107 0.94 2.245
0.18 -0.577 0.44 -0.380 0.70 -0.052 0.96 2.542
0.20 -0.563 0.46 -0.360 0.72 0.015 0.98 2.994
0.22 -0.544 0.48 -0.344 0.74 0.089 1.00 3.514
0.24 -0.531 0.50 -0.326 0.76 0.171
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Table A9 . Weekly Mean ) Pan Evaporation (Week No. 1
1 October-7) i

I i 1-tEj i ~Ej i
(in) (in) 

— 
(in) (in)

1 0.859 14 0.059 27 0.854 40 1.700
2 0.889 15 0.059 28 0.981 41 1.637
3 0.718 16 0.067 29 1.059 42 1.628
4 0.783 17 0.079 30 1.151 43 1.662
5 0.688 18 0.079 31 1.351 44 1.569
6 0.570 19 0.079 32 1.262 45 1.473
7 0.472 20 0.138 33 1.355 46 1.508
8 0.399 21 0.169 34 1.478 47 1.363
9 0.315 22 0.236 35 1.502 48 1.386
10 0.236 23 0.315 36 1.450 49 1.244
11 0.157 24 0.433 37 0.657 50 1.187
12 0.079 25 0.531 38 1.630 51 1.082
13 0.067 26 0.609 39 1.786 52 1.124

Table AlO. Empirical Cumulative Frequency Distribution, F(
~E .) ,

J of the Stochastic Component, 
~E 

of Pan Evaporati6n

F(
~E
) 

~E. 
F(
~E
) 

~E. 
F(
~E
) 

~E. 
F(
~E
)

1 1 1 1 1 1 1 1

0.00 -2.383 0.26 -0.240 0.52 -0.003 0.78 0.230
0.02 -1.599 0.28 -0.199 0.54 0.005 0.80 0.279
0.04 -1.307 0.30 -0.156 0.56 0.011 0.82 0.345
0.06 -1.125 0.32 -0.122 0.58 0.014 0.84 0.424
0.08 -0.979 0.34 -0.094 0.60 0.025 0.86 0.5414 1 
0.10 -0.832 0.36 -0.078 0.62 0.032 0.88 0.685
0.12 -0.696 0.38 -0.056 0.64 0.039 0.90 0.851
0.14 -0.603 0.40 -0.040 0.66 0.048 0.92 0.992
0.16 -0.524 0.42 -0.031 0.68 0.065 0.94 1.181
0.18 -0.457 0.44 -0.027 0.70 0.085 0.96 1.497
0.20 -0.412 0.46 -0.027 0.72 0.102 0.98 1.741
0.22 -0.328 0.48 -0.014 0.74 0.138 1.00 7.262
0.24 -0.285 0.50 -0.010 0.76 0.177
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table All. Weekly Pan Evaporat ion Coeffi cient (C ))

i C i 1: i C i C
0. p. P. p.

1 1 1 1

1 0 .980 14 0.500 27 0.460 40 0 .84 1)
2 0.980 15 0.450 28 0.480 41 0.860
3 0.980 16 0.400 29 0.480 42 0.900
4 0.970 17 0.410 30 0.490 43 0.920
5 0.920 18 0.420 31 0.500 44 0.920
6 0.860 19 0.420 32 0.540 45 0.930
7 0.800 20 0.430 33 0.580 46 0.940
8 0.760 21 0.430 34 0.610 47 0.970
9 0.680 22 0.440 35 0.620 48 0.970
10 0.600 23 0.450 36 0.680 49 0.971)
U 0.540 24 0.450 37 0.770 50 0.971)
12 0.520 25 0.460 38 0.800 51 0.975
13 0.500 26 0.460 39 0.820 52 0.980
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C **************~~~~~~~~ *~~ ****** ******************
C
C PROG RAM SED R ES
C
C ************************* ****************.*
C
C
C THIS IS A OM PREHE N SIV E RESERVOIR SIMULATION MODEL TO COMPOTE SEDIMENT
C VOLUMES DEPOSITED OVER THE HEIGHT OF RESERVOIRS. USING APPROPRIATE
C INPUT MODELS 011 WATER INFLO W ,SEDIMENT INFLOW ,EVA PORA T ION AND RESERVOIR
C OPERAT:ON , THE PROG RA M SEDRES COMPUTES SEDIMENT VOLUMES TRAPPED IN THE
C R E S ! R V O I P ,D : S T R I B U T E S  THEM OVER THE HEI3HT,COMPACT S THEM AT SPECIFIED

:1 C I&TERVALS ,AND APPLY NECESSARY CORRECTIONS FOR SEDIMENT SLUMP. THE
C PRO GRAM OUT PUT S NEW ZERO ELEVAT IO N .SEDIMENT VOLUMES DEPOSITED OV ER THE
C IIEIGHT ,AND ADJUSTED AREA—CAPACITY RELATION OF THE RESERVOIR.
C
C

DOUBLE PRECISION RA NIJ,TX -

INTEGER PA RA N
REAL INPISC
REAL IUSD(1144),IMCD (1144)
DIMENSION SPW T ( 2 ,520,3) ,EL EV( 3 6) ,A REA (36) ,VOLIJN!(36) ,AAREA (36),&V0

1L(3 6) , V ( 5 20 , 36) ,X ( 5 2 0 ,3 ) , A N P C ( 5 2 ) , A S S L ( 2 ,2 ,3 ) , X I ( 3 ) .F P ( 5 20) ,HP(36)
DIMENSION QI (520),QS(520) 4QE(52O),PROB(5 1)
DIMENSION &SNL(24 2,3) ,P(3 ,3) - -

DIMENSION RH O IN(3 ,52)
DIMENSION INPISC(51).CORRIN (3 ,521, TSTDVI(52), TNEANI (52)
DIM E N SION TSTDVR (52) ,TM!A NT (52) ,EV ISCD(51)
DIMENSION sEorsc (51).Tsrovs (52),TMEAN5(52)
DIMENSION DHEAD (14~4),ELPRE0 (52)COMMON ASSL ,TT ,SPWT ,CPIFR ,TE ,BE TA ,EMM ,ENN ,ACQI,ACQS,NUOC,HH ,V 1IDS,

1INS,AVOL , AA B EA ,X ,GGAM A ,X SA VE ,DEL TA
COMMON/SU8INF/X Y X 1 .X YX 2 ,~L Y X 3 ,T 1IEIN,TSDIN ,CORRIN ,TST DVI ,T M E A N I ,IN
1PISC , NRDERI,RHOIN
COMMON/SUBEVA/TSTDVE.T MEAN E ,EV IS CD
COMMON/SUBSEG/TSTDVS,T MEAN S ,SEDISC
COMNON/GE NER/ELEY ,AR E A,VO L UME 4N TI ,H E A D ,NTIYR ,NU MB E R ,III ,DA M H T
1, Z ELEV I AN PC ,A YSTO
COMIION/GENERA/ RA NU ,EPSILO ,E AT A ,PROB ,QI,QS ,QE ,QER,NN
COMMON/SUBO/I USD , IPICO ,!LPREO, DHEAD ,00TFL
COMMON/OPER/K ,IM , R E S U R , R E S V O L
COf~MON/~UBOPE/XI,X1 ,X2,X3- 

I k U M M O~~/k8 C /P ARA$
C*****
C***** AREA — ACRES
C**** * VOLUME — ACR E —F T
C***~~* E L E V — FT
C***~~~ QI — ACRE-FT -
C***~* - QS — TON S (PER TIME INCREMENT)
C**** * SPWT — LBS/CU FT
C**** DELTA— LOWER LIMIT OF SEDIMENT VOLUME USED AS A CRITERION FOR
C TERMIN ATIN G S E D I M E N r  REDISTRIBUTION DUE TO SLUMP CORRECTIONS.
C ITS VALU E IS SELECTED CONSIDERING UNITS USED AND ACCUR ACY DESIRED
C****.
C *****
C***** THE F O L L O W I N G  INP UTS A N D  CALCULATIONS ARE FOR USE IN THE SEDIMENT
C ***** SUBROUTINE

- 
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Cs... .
C
C READ IND EX VARIABLE PA P A l
C
C PARAM =1 FO~ HISTORICAL WATE R INFLOW DATA
C P*RAN =2 FOR GENERATED WATER INFLOW DATA
C

R E A D (5, 3) PARA N
C
C***** INP U T SEDIMENT C H A R AC H TER I ST I CS DATA AN D CALCULATION OP COEFFICIENTS
C~ **~~* USED IN DENSITY CALCULATIONS
C.....
C.....
C***~~ READ NUMBER OP YEARS OP RESERVOIR OPERATION ,NN
C~**5~ R E A D (5, 3) NM

N N =NN * 5 2
R E A D ( 5 , 75) DELT A

C
I F ( P L R A M . E Q . 2 )  GO TO 552
R!AO~ 5,33) (QI (I) .1=1,2)
READ (5 ,35) (QI (I) ,13 ,520)

552 DO 555 KK=1 ,2
555 R E A D (5 ,1) ( ( A S N L ( k K ,I ,J ) , 3 1 ,3), I=1,2)
C.... .
C***** AS NL — SEDIMENT CHARACHT ERISTICS FOR CALCULATION OF DENSITIES
C***~ * KK — LEVEL (1 — LOWER , 2 — UPPER)
C***~ * I — (1 — NATURAL DENSITY , 2 — COM PACTION COEFFICIENT)
C***** .1 — SEDIMENT COM PONENT (1 — CLAY , 2 — SILT, 3 — SAND)
C..,..

RE AD (5, 1) ( ( P ( I , J ) , J =1 , 3 ) , I~~1 ,3)
c..*.*
C***** P(I,J) — FR A CT -I O N OF SED IMENT COMPONENT I . I N  SEDIMENT CO M PON ENT ZONE J
C..,..
C***** P (I,J) IS ADJUSTED TO BE RELATIVE AM OUNTS IN ZONE .7 OF COMPONENTS I
C.... .

00558.7=1,3
B 0 .

- 1 00557I 1,3
557 8=3+P (1 ,3)

D05581 1,3
558 P -(I,J) P(I,J)/B

t. DO556KK 1 ,2
D05561 1,2
D0556J 1,3
A SS L ( !UC ,I ,J) 0. -

D0556KT=1 ,3
556 AS SL (ICK ,I ,J)=ASSL (K t~,I,J) +A SN L (KIC ,I,kT)*P(ET ,J)

C..... -

C***~ * 11,12,13 — FRACTIONS OF INCO M ING SEDIMENT THAT ARE COMPONENTS 1,2,3
C.... .

REA D (’ ,1) 11,12, 13
XI ( 1) X 1
X I ( 2 ) = X 2
XI (3)=X3

C***•*- - 
. - C’... ’ IRESTY — THE NU MERICAL DESIGNATION OP THE TYPE OF THE RES E RVOIR , 1 —

R E A D (5,3) IRE STY

*
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C*****
C*s*.*
C~*.~’ INPUT OF ELEVATI ON—AREA VOLUME RELATION FOR THE RESERVOIR AND ASSIGN
C~ t*~~ TO P E R M A N E N T  A R R A Y
C.....

REA D (5,3) N U M B E R
R E A D (5,8 ) (ELEV(I) ,AREA (I) ,VOLUME (I) ,11  ,N UNBE R)
DO 770 I=1 ,NUMBER
A A R E A  (I) =AREA (I)

770 A VOL (I) VOLUME( I)
j  C..... -

C***~ ’ CHOOSE TYPE C U R V E  C ONSTANTS FOR D E T E N N I N I N G  R ESERVOIR ZERO ELEVATION
c*....

1.85
!NN O.36
IF ( IRESTY. EQ. 2) GOTO7 71
IF( IRESTY.EQ.3)G0T0772
IF( IBES TY.E Q. l$ )G 0 T0773
G0T0774

771 ENM=0.57
E N N = O . ( 4 1
G0T0774

772 EMM=1.15
ENN=2. 32
G0T0 77(4

773 EMM =—O.25 -

ENN=1.314
C.....
Css** * INITIALIZE COEFF ICIENTS AND P A R A M E T E R S  USED IN SEDIMENT CALCULATIONS

77(4 III=NUifBER— 1
BETA O.03
NTIYR=52
R E AD (5,3) NTI

C.....
C ****~ READ DATA FOR RESERVOIR EVAPORATION CALCULATION

-.
READ (5,6) (AMPC (I), I 1 ,52)
GGAMA=ASSL( 1 , 1,1)*X1+ASSL (1,1,2)*X2+ASSL(1,1,3)’13

C..,..
C’**” READ ARRAYS OP PAR AMETERS USED IN INFLOW DATA GENERATION
C,....

R E A D (5,3) N R D E R I
READ(5 ,6) (PROB(I) ,1 1 ,51)
R EA D (5,6) (INFI SC (I), 1=1 ,51)
00860 K=1 ,NRDERI -

860 P!AD (5,6) (RHOIN(K,I),I 1 ,52)
CALL CALC MA (NRDERI ,RHOIN,CORRIM)
RE AD (5 ,6) (TNEANI (I) .1=1 ,52)
READ (5,6) (TSTDVI (I) .1=1 ,52)

• - READ (5 ,6) T N E I N ,TSDIN
C*~***
C**’** READ A R R A Y S  OF P A R A M E T E R S  USED IN SEDIMENT DATA GENERATION

R A N U = .2
R E A D (5,6) X Y X1 ,1Y 12,XYI 3
EEAD (5,6) (SED I SC( I ) , I = 1, 51) —

R E A D ( 5,6) ( T I I E A N S  (I) .1=1 ,52)

- ‘ - - 1  
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REP.D(5,6) (TSTDVS (I) .1=1 ,52)
R E A D  (5 ,6) ( T M E A $ E ( I )  , 1 1 , 52)
REA D ( 5,6) (EVISCD( I )  ,1 1 ,51)

• DO 1000 1=1 ,52
T STDVE (I) =. 3805

1000 CONTINUE
C
C READ ARRAYS OP RESERVOIR STOR&GE ,OUTFLOW AND OPERATION CHARACTERISTICS
C

R E A D  (5 ,6) ( D H E A D ( I ) , I 1 , 1’14)
R E A D ( 5 , 6 ) ( I I J S D ( I ) , I 1 , 1I$~l)
R E A D ( 5 , 6) (IPICD(I) ,I=1,1I$ l$)
READ (5,8)DAM1I T
R E A D (5 , 3) IDS
DO 150 1 1 ,N TIYR

150 READ(5,8)ELPREO(I)
C
C DATA OUTPUT AND INITI ALIZATION
C

WRITE(6,1O)
I F ( P A R A M . E Q . 1 )  GO TO 155
I F ( P A R A M . E Q . 2 )  GO TO 151

155 W 1UTE(6,71)
GO TO 16()

157 W R I T F . (6 .72)
160 WRITE (6.77)

V R I T E ( 6 , 7 8 ) ( ( ( A S N L ( K K , I , J ) , J= 1 , 3 ) , I=1 , 2 ) , KK= 1 ,2)
W R T E ( 6 , 7 9 ) ( ( ( A S S L ( K K , I , J ) , J= 1 , 3 ) , I = 1 , 2 ) , K k= 1,2)
WRITE (6,1O)
WR TE (6,80) GGA M A
W R I T E ( 6 ,76) DELTA
W R I TE (6,73) BETA
WRITE(6,1O)
W R I T E (6,81)
W R I T E ( 6,82) (XI(I),11 .3)
WRIT2 (6,1O)
WRTTE(6,814)
WRITE (6,9) (TMEANI (I) .1=1,52)
W R I T E  (6,85)
W R I T E  (6,9) (T5TDVI (I) ,11 ,52)
WRITE (6,10)
WRITE (6,86) lBS
WRITE (6,87)NTI
WRITE (6 ,10)
WRITE (6,88)
W R I T E ( 6 ,70) ( E L E V ( I ) ,AREA(I) ,VOLUME (1) ,I=1 ,NUMBER)

4 W R I T E  (6.39)
4 W R ITE (6 ,70) ( E L P R E O ( t )  ,I 1 ,52)

WRITE (6,1O)
011 0.
N IJOC=O
ACQI O.
A COSrO .
T T — A R E A (1)
~!~ VO t O.
Z E L E V = E L E V ( 1)
ISAV ErO .
CALL INPUTS

t 

_ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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N 11/52
IN= 1
W RITE (6 ,10)
DO 200 I IMr 1, MM
IIPIM=IIM* 52
WRITE (6 , 13) U N
W R I T E  (6 ,1 5) (Q I ( M K )  , MK=IN,IIMN)
W R I T E  (6,14) lIlt
W R I T E  (6 ,15) ( Q S ( M K ) , M K = IN , IIMIt)
W R I T E  (6 , 16) lI l t
WR I TE (6,19) (QE(MK) , NK=IN , 11MM)
IN=IIMN+1

200 CON T I N U E
CALL OPERAT

• WRITE (6,90)
C

1 POEEIAT (9P5.O)
2 FORMAT(18FL4.O)
3 F O R N A T ( 15 )
4 FOT1MAT(2(5X ,F1O.3))
5 FORMAT(F1O .3,315)
6 FOR EIAT(8F10.O)
7 FORMA T (1OP1O.3)
8 FORNAT(3F1O .2)
9 F O R P I A T ( 8(1X ,F1O.3))

10 FOIthAT (///)
13 FORWA T (//5X ,’RE SERVOI R INFLOW TIME SERIES NUMBER ‘.12 ,/,101,’ (ACRE

14 FORMAT (//5X ,’SEDIME NT INFLO W TIME SERIES NUMBER ‘,I2,/,1OX ,’(TONS)

15 FORMAT(1O(1 X ,F8.O))
16 FORNAT (//51,’PAN EVAPORATION TIME SERIES NUMBER ‘,I2 ,/,1OX ,’(IN.)’

H
19 FORMAT (12 (1K ,F6.3))
20 PORMAT(16I5)
25 FORMAT(16P5.3)
30 FORMAT (1OI8)
33 FORMAT (56X ,P8.1,F8.1)
35 FORMAT (9(E8.1),8X)
50 POBMAT(8110)

.4 55 FOPMAT (8(1K,I1O))
60 FORNAT (2O14)
70 ?ORNr~T (3 (1X,F13.2))71 ?ORNAT(1OX ,1O(’”),’HISTORICAL WATER INFLOW DATA USED’,lO(’*’),//)

72 FOR M A T ( 1 0 X ,1 0(’*’), ’GENERA TED W A T E R  INFLOW DATA US E D ’ ,l O( ’*’) , // )
73 FOR M A T (5X ,’BETA ’,F6.3,/)
75 FORMAT(F14.7)
76 FOPMAT(5X ,’DELTA ’,F1O.7,3X ,’ACRE—FT. ’,/)

77 FOR~4A T ( 5 X ,’SEDIMENT CHARACTERISTICS : ‘,/ ) -
ie FOR M A T ( S X ,’ASNL ~~,// , 6 ( 1X ,F1O.3))
79 F O R M A T ( 5 X ,’ASSL : ‘,/ / , 6(1X ,F1O.3))
80 FOR~t AT (SX ,1 GGAlR = ’,F1O.3,3X ,’LBS./CFT’,/)
81 F O R M A T ( 5 X ,’SEDIMENT INFLOW FRACTIONS :‘,/)
82 FOR t1 A T ( 5 X ,t CLAY = I ,?6.3,5X ,I SILTr n ,P6.3 ,SX ,~ SAN D ’,F6.3,/)
84 F O R M A T ( 5 X ,’WE!icL ! ME A NS OP WATER INFLOW( A—FT) :‘,/)
85 F~~R M A T (/. 5x, ’W E E K L Y  STANDA R D DEVIATIONS OF W A T E R  INFLO W (A—P T) :‘,/

- 

- 86 F O R M A T ( 5 1 , I I D S : I , 15 ,/) -

~ 

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

-

~~~~~~~~
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87 F O R M A T ( 5 1 , ’NT I ’ , 15 ,/)
88 F OR M AT (5X , ’ I N I T I A L  R E S E R V O I R CHARACTERISTICS : ‘,/ /,91,’ELEV. ’

~,8X , ‘ABEA ’,8X ,’V OLU PIE ’,/)
89 F O R N A T (// ,5X , ’B E SERVO IR OPERATION PLP.N(WEEKLY ELEVATIONS) : ‘ ,/)

90 FOR M AT (1 H 1)
C*ss *5
c..... -

STOP
END

C
C

SUBROUTINE CALCIIA (K,ZR 1 ,fl)
C
C  — 
C
C THIS SUBROUTIN E CALCULATES WEEKL Y VARIANCES OF INDEP. STOCH. COMPONENTS
C OF WATER INFLOW SERIES
C

DIMENSION ZR (3,52),ZR1(3,52),R(3,52),DUM (52),ZD(156)
EQIJI VAL !NCE ( Z D ( 1 ) , Z R ( 1 , 1) )
DO 10 I=1 ,1C
DO 10 3=1 ,52

10 ZR (I,J)=ZR1 (1,3)
IP (K.EQ.2)GOTO200
I F ( K . E Q . 3 ) G O T O 3 0 0
DO100I=1 , 52

100 R(1,I)=ZR(1 ,I)
DO 101 1=1 ,52

101 ZD(I)=SQRT(1.—R (1,I)’R(l,I))
R E T U R N

200 D0421Ir1 ,52
1K1 1—1 -

1K2 1—2 -

IF(IK1.LT.1)IK1=IK1 +52 - -

IF (1K2.LT.1) 1K2=IK2+52
0=1. —ZR (1 ,1K2) ‘ZR (1 ,1K2)
R(1 ,IK1)=(ZR(1 ,IK1)— ZR (1 ,1K2)’ZR(2,IK2))/D
R(2,IK2)= (ZR(2,1K2)—ZR (1,IK1).ZR (1,1K2))/D

‘421 C O N T I N U E
D02011 1, 52
IK1 1—1
IK2 1—2
IP(IK1.LT.1)IK I=IK1+52
I F ( 1K 2 .L T . 1)  1K2= 1K2+ 52
D UM (I)=SQRT (1.— R (1 ,IK1) ‘B (1 ,IK1) —R (2,1K2) *R (2 ,IK2)—2. SR (1 . I K 1 ) S R  (2

1 , I?~2) *zR (1, !K2) )
20 1 CON T I N U E  

- - - ~~~~~-- -- --~~~~~~~~~~~ --- -•_ _
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002021 1, 52
202 ED (I) D UM (I)

R E T U R N
300 0043 11=1 , 52

-; - 11(1 1—1
1K2 1—2
1K3 I- 3
IF (IK1.LT.1)IK1=IK1+52
IF(IK2.LT.1)IK2~IK2+52IF(IK3.LT.1)IK3=IK3+52

H 4 D 1 . +2.’ZR(1 ,IK2)’ZR (2,1K3) *ZR(1 ,1K3)—ZR(1.1K3)’ZR(1,1K3)—ZP (1,IK2
1)*ZR(1 ,1K2)—ZR (2,1K3) *ZR (2,1K3)

: 1 R (1 ,IKI) (Zv(1,IK1).(1._ZR(1,IK3)*ZR(1 ,1K3))+ZR (1,IK3)*ZR(1,IK2)*Z
1 ( 3 ,11(3)—ZR (1 ,1K2)*ZR (2, IK2)—ZR (2, 11(3) ‘ZR (3,11(3) 4ZP (1 ,1K3) ‘ZR (2,1K
22)*ZR (2,I K 3 ) ) / D
R (2,1K2)=(ZR (2,1K2).(1.—ZR(2,IK3)*ZR(2,1K3))+ZR(1 ,IK2)*ZR (2,1K3)*Z

lB (3,11 (3)—ZR (1,11(2) *ZR (i,IK1)—ZR (1,IK3) ‘ZR(3,1K3)+ZR (1,1K3)5ZR (2,IK
23)’ZR(l,IKl))/D
R(3,1K3)= (ZR(3 ,IK3)*(1.—ZR(1,1K2)*ZR (1,1K2))+ZB (1 ,1K3)*ZR(1 ,1K2)*Z
1R (1 ,IK1)—ZR (1 ,1K3)*ZR (2,1K2)—ZR (2,IK3)*ZR(1 ,IK1)-+ZR (1,1K2)*ZR (2,IK

22)*ZR (2,1K3))/D -

(431 CONTINUE
D03011=1 ,52
11 (1=1—1
Ii(2=I—2
IK3~I—3IF(11(1.LT.1)!K1=!K1+52
IP(1K2.LT.1) 1K2=1K2+52
IF(1K3.LT.1)1K3=1K3+52
DUM (I)=SQRT(1. -•R(1 ,!K1)*R (1 ,IK~ )—R ~ 2,IK2~~’R(2,IK2)—B (3,IK3)’R (3,IK

3 13) —2. *fl (1,1 t(1)*R (2,11(2) *Z R ( 1 , 1K2)—2. ’R(l , IK1 ) *R (3,1K3)*ZR (2,11(31—2
2.*R(2,1K2)*R(3,1K3)*ZR(1,1K3))

301 CONTINUE -

003021=1,52
302 Z D ( I ) D U I i ( I )

RETURN -

END -

_ _ _ _ _ _  5- 
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C
C -
C

SUBROUTINE INPUTS
C
C — 
C

DOUBLE P R E C I S I O N  R A N U ,TX
INTEGER PAR AN
REAL INPISC
DIMENSION INPISC (51) ,COR R I N ( 3 ,52) ,T STDVI ( 52 ) , T M E A N I ( 52)
DIM E NSION Q I ( 5 2 0 ) , Q S ( 5 2 0 )  , Q E ( 5 2 0 ) , P ROB (5 1)
DIMENSION SEDISC (51),EVI SC D (51) ,TS T D V S( 52) ,TMUNS(52)
DIMEN SION RIIOON (520),RHOIN (3,52)
DIMENSION TSTDVE (52),TMEAN E (52)
COMMON/SUBINF/XYY •1,1Y12 ,X Y X 3 ,TNEIN ,TSDIM ,COR R I N ,TSTDVI .TME ANI ,II
1?ISC ,NR~ ERI ,PHOIN3 COMMON/SURE VA/TSTDV E,T M E A N E ,EVISCD
COMMON/SO BSEG/TSTDV S, TMEA KS ,SEDISC
COMMON/GENFRA/RAN U , !PSILO ,EATA ,PPOB.QI,QS ,QE ,QER,NN
COMNON/GENER/ELE V ,A RE A,YOLUME ,NT I ,H E A D .NTI!R ,NUM B E R ,III ,D&IUT

1,ZELEV ,AMPC ,AVSTO
CO PIM ON/OPER /K,IN ,RE SUR ,RESVOL
CO M MON / ABC / P AR A M -

C.....
C*~**~ THIS SUBROUTINE GE NERATES THE TIME SERIES FOR THE RESERVOIR
Ct***~ INF LO W ,SE DI M EN T INFL OW ,AND PAN EVAPORATI ON
C’s...
C.....
C”.” I — M ON TH OP THE YEAR , STARTING FROM 15? OCTOBER.
C*~~t* RANU — RANDOM NUMBER FRO M THE UNIFORM DISTRIBUTION
C***” II — SUBSCRIPT OF IND. STOCH. COMPONENT CUMULATIV E DISTRIBUTION AR RAY
C***** EPSILO — RANDU M NUMBER W HICH IS THE INDEPENDENT STOCHASTIC COMPONENT
C’*S*’ OF RESERVOIR INFLO W SERIES
C****’ S — RANDOM NUMBER WHICH IS INDEPENDENT STOCHASTIC COMPONENT OF
C” SE D IM E NT I N F L O W  TIME SERIES
C” Ji — PREVIOUS WE EK OP THE YEAR

— C’*5** J 2  — SECOND P R E V I O U S  REEK OF THE YE AR
C’*~ ** J 3  — T H I R D  P R E V I OUS WEEK OF THE YEAR
C~”s* INP ISC — A R R A Y  OF IND. STOCH. COMPONENT FOR CUMULATIVE DISTRIBUTION
C” OP THE RESERVOIR INFL OW TIME SERIES

-
- -

- C”*** SEDISC - ARRAY OF IND. STOCH. COMPONENT FOR CUMULATIVE DISTRIBUTION
C*’*** OF SEDIMENT INFLOW TINE SERIES
C*”*’ EVISCO — A RRAY 0! IND. STOCH. COMPONENT FOR CUMULATIVE DISTRIBUTION
C~”* OF PAN EVAP ORATI ON TINE SERIES
C**’s* PROB — INDEPENDENT STOCH ASTIC COMPONENT CUMULATIVE DISTPIHUTI6S 1~ -
C”~’* CORRIR - ARRAY S OF WEEKLY COEFFICIENTS POP MAR KOV DEPENDENCE MODEL
C” FOP RE SER VO IR INFLO W TIN S SERIES MODEL
C” T NEA NS — IRPAY OP WFEKLY MPANS FOP SEDIMENT INFLOW
C’..” TSTOVS - ARRAY OF WEEKLY STANDARD DEVIATION FOR SEDIMENT INFLOW
C’~’*’ NRDERI — ORDER OF MARKOV MODEL USED FOR RESERVOIR INFLOW (1— 3)

-
~~ C

L L O
IF (PARAM.EQ.1) GO TO 1000

Ce” T M E A N I  — A R R A Y  OP W E E K L Y  M E A N S  FOR RESERVOIR INFLOW
C”. T STDVI — A R R A Y  OP W E EK L Y S T A N D A R D  DEVIATIONS FOR RESERVOIR IN FLOW
C”~,’ TN EA NE — A R R A Y  O F WE E K L Y  M E A N S  FOR P A N  EVAPORATION
C”~” ISTOVE — A R R A Y  OF WEEKLY S T A N D A R D  DEVIATIONS FOR PAN EVAPORATION

1
_ 

- - IT 
-
_ _
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- C.....
C.”.’

- DO 10’ K1=1 , NRD E R I
DO 101 L 1,NN
IL=L— I F IX ( ( L — .5) /52.) ‘52

- LLL L+LL
101 R H O O N ( L L L ) RU O IN ( K1 ,IL)

LL=LL+5 2
I 102 CONTINUE

C
C WATER INFLOW SERIES GENERATION
C

- DO 200 K=1 ,NN
I K—! FI X ( (FLOA T ( K ) — .5)/52.) *52

3 .71=1—i
I F (N R D E R I  .E Q .i ) G O T O 13
.72=1—2
IF(NPD!RI .EQ.2) GOTOI (4
33=1—3 -

IP(33.GT.0)GOTO1O
IP(J3.EQ.—2)GOTOI1
IF (J 3 . E Q. —1) GO T O 12
33 52
GOTO1O

12 J3 51
I J2z52
I GOTOlO

11 33 50
I 32=51

- ; - 31=52
I GOTO IO

1(4 IF (J 2.G T . O) G OT O 1O
I F( J 2 .EQ . —1 ) G0T0 15
.72=52
GOTO1O

15 32 51
31=52
COTOlO

13 I F ( J i . E Q . 0) J1 =5 2
10 TX= (3 .1415926535898D0+RANU ) “11

I TX I=TI
RANU =TX—F LOA T (ITII)-- 

I IPI1=RANU*50.
-; - II IFII+1

EPSILO =INFISC (II) +(INFISC (11+1) —IIFISC (II))’ (RAN V—PROB(II))/(P
1ROB (II +1) — P R OB (I I ) )

Cs”
C5~s$’ ADD MA RKO ! DEPENDENC E OF SPECIFIED ORDER NRDB R I WITH PERIDDICITY
C~***~IF (NR DER I .E Q.3)G O TO 16

- IF(NPDERI .EQ.2)GOTO17
- - Z 1YX1 ’COBRIN(i ,Ji) ‘EPSILO ‘RHOON(I)

G0T01 8
4 - 17 Z — XYX 1 * C O RR IN(1 , J 1) +XY Z2 ’COR RIN( 2 ,J 2) .EP SIL O ‘811001(I)

GOTO I8
16 Z*XY I1SCDRRIN (1,J1) 41YX2’CORRIN(2 ,32)+U13’COPRIN(3,33)+EPSILO ‘RH

- 

- I 100N (I )
C,..,, -

~ I
- -

-

~~~ ~~~~~~ —
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C*”~ ADD P ER IODICITY IN T H E M E A N  A N D  S T A N D A R D  DEVIA TION
C.,” .

18 QI (K ) =Z’!SDIN4TIIFIN
QI(K)=Q!(K) ‘TSTDVI(I) +?ME&NI(I)

C..,,,

C” CORRECT FOR NFGATIVE VALUE S (SHOULD B! H AR E )
IF ( Q I ( K ) . L T . O . ) G O  TO 10

C
+ C A D J U S T M E N T  WITH HISTORICAL DATA

Q I ( K ) = Q I ( K ) / 1 . 6 12 7
C”

1Y 13= 1YX2
1Y 12=XT I1
I YX 1=Z

200 CONTINUE
1000 CONTINUE

C
C SEDIMENT INFLOW SERIES GENERATION
C

3 
$ DO 300 K 1 , WN

I K — I P I X ( ( P L O A T ( K ) — .5 )/ 52 .) ’5 2.3 310 T I = ( 3 . 1L & 1 5 9 2 6 5 3 5 8 9 8 0 0 + R A N U )  “11
I TX I = TX
RAN U= TX—FLO AT (ITXI)
IFX1=RANU ’SO
II=IFx1.i
E= SEDISC (II)+(SEDISC (IIG1)—S!DISC (II))’(RANU—PROB (II))/(PROB(I!

1+i)—PROB (II))
Q S ( K ) =E 4 .0 5 ( 467+ . 3 0 7 3 5 . ( ( Q I ( K ) — T K E A N I ( I ) ) /TST DVI (I) )
QS (K)=QS(K)’TSTDVS(I~ +TMEAN$ (I)
IF(QS(K).LT.0.)GO TO 310

C
C A D J U S T M E N T  WITH HISTORICAL DATA

QS (K) =QS(K) ‘1.35
- . 300 CONTINUE

C
C EVAPORATION SERIES GENERATI ON
C -

- 5 DO (400 IC=i ,NN
I=K—IFIX( (PLOAT(K)— .5)/52.) ‘52

(410 TX=(3 .1(415926535898D0+RAWU)’*ll
IT X I=T X
R A N U = T X — F L O A T  (ITXI)
IFX1=RANU ’50
I I =IF Z 1+1
E A T A =EV I SCD (II)  + (EVISCD (II.  1) — E V I S C D ( I I ~ ) ‘(P ANU—PRO B (II ) ) / (PR OB( I X

1+ 1 ) — P R O B ( I I ) )
QE (K) =!ATA ’TSTD VE (I) ‘T ME A NE (I)
I F ( Q E ( K ) . L T . O . ) G 0  TO ‘410

.1400 CONTI NUE
RETURN
END

•

~~~~
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- 
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C

C
SUBROUTINE OPERA?

C
C —
C
C THIS SUBROUTINE DETERMINES RESERVOIR OUTPLOW,STORAGE ,HEAD ,POO L EL E VATION
C AND SURFACE AR EA , BASED ON OPERATION PLAN
C

REAL I U S D ( 1 1 $ ( 4 ) , IN CD (144)
DOUBLE PRECISION RANG ,?!
DIMEN SION DHEAD(1l$l$1, ELPREO (52)
DIMENSION SPWT (2,520,3),ELE V (36),AR!A (36),VOLUM E(36),AAREA(36),AVO

1L ( 3 6 )  , V ( 5 2 0 , 36) , X ( 5 2 0 , 3) , AMP C ( 5 2 ) , A S S L ( 2 , 2, 3)  .X I ( 3 ) , FP (52 0) ,HP (36)
DIMENSION QI(520),QS(520) ,QE(520),PROB (51)
CO NM O N / GENE R /B L E V , ABE A , VOL O! E ,NT I ,H E A D ,NTI YR , NUMB ER ,ILII.DAMHT

1 , ZEL EV ,A MP C , AV ST O
-~ - COMMON *SSL , ?T , SP W T ,CP IFR ,TE , BETA , !MN ,ENN ,AC Q I , AC QS , WUOC , HH ,V ,ID$ ,

1INS , AVOL , U R E A , X , GGA N A , XS AV E
COMMON/GEWERA /RANU ,
COMP!ON /SU~O/IUSD , IMCD ,ELPREO,DHEAD ,OII’PPL
CO~J MO N/OP ~~R / K , !N , RESU R ,RZS VOL

C”,’
C.... ,
C” ELPR!O (I)—RESERYOIR ELEV ATION DURING WEEK *I ,OF THE PRESENT OPERATION
~~~~~~ TSTOR— TOTAL STORAGE
C” OOTFL—OUTFLOW
C” CHYOL-CHANGED RE SERVOI R VOLUME
C” RESUR—RESERVOIR SURFACE AREA

- I C”~’- . C***S*
THEA D=ELPREO (52)
6=650.
K1*O

20 K1.K1+1
kA=E LEV (K1)
I F ( A A . G T . THE &D) GO TO 25
B A A
GO TO 2O

25 C D = ( ’ r H E A D — a ) / ( k k — B )
K2=K1— 1
A VSTO=VOLU M E( K 2 )
DO 100 K=1 ,NN
ItlxK—IFIX ((K— .5)/52.)*52
TSTO P~QI(K) +AVS TO
6=650.
K 1 0

- :1 
1 30 K1 K1+1 -

AA= ELEV( K1 )
• 

. I F ( A A . G ? . ELPREO (I M ) ) GO TO 35
B— AA

- - GO TO 3O -

— 35 CD= (!LPREO (IN)—B)/ (U—8)
K 2 = r . i—1
Vp=VOLU NE (K2) +CD .(VOL4JNE (K1 )—VO LUNE (K2))

j  EXSTOR TST OR VP .

.1 IF (E XS T O R .L E .0 . )  GO TO ~40

- 5--- -

• 
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- OQTpL E~5TO8
GO TO £45

140 OUT?L 0.
115 ATS TOR (AV STO+QI (K) —OUTFL +AV STO ) /2.

B 0 .
K 1 0

‘16 K 1 ’ K l + l
A A = V O L U M ! (K1)

— I F ( A A . G T . A T S T O R ) GO TO 117
B A A
GO ?O ’46

£47 CD= (ATS T O R— B) / ( 1k—B)
1 (2=1 (1—1

4 AHEAD=ELEV( K2)+CD ’ (ELEV( Ki ) —EL EV (K2) )
80 6*0.

K 1=0
83 1( 1= 1 ( 1 + 1

AA =D 9EAD( K1)
I F ( A A . G T .  AHEAD) GO TO 85
B A A
GO TO 83

85 CD=(AHEAD—B)/(AA—B)
1 ( 2 = 1 ( 1— 1
SPI LL ~~I U S D ( K 2 ) + C D * ( I U S D ( K 1 ) —IU SD( IC 2 ))
T D 1 S C A = S P I L L + I M C D (1(2) +CD* (IMCD(K1) —INCD(k2))
I?(OTJTFL.LE.TDISCA) GO TO 87
0OT?L~O’JTFL—1OO0.
GO TO ~45

87 IF (O U T FL . GE. SPILL) GO TO 97
OUT F L O U TF L + i000 .
GO T O £45

97 CH VOL ’STO R -OUT F L
AVS TO (AV S T O +CHY O XJ’ .S
8 0 .
1(1=0

60 1( 1= 1 ( 1+ 1
A A=VOL UN E (K i )
I P ( A A . G T . A V S T O ) GO TO 65
B *AA
GO TO 6O

-65 C D = ( A V S T O — B ) / ( A A - B)
1 (2=1 (1—1
RESUR=AREA( 1 (2)+CD ’ (AREA(Kl ) —AREA (K2))
CALL EV APCO

• AV STO AVSTO—Q ER
8*0.
1(1*0

70 1 (1*1 (1+1
A A =VOL UME (K1)
I F ( A A . G T . A V S T O )  GO TO 75
6 1 A
G0 T0 70

75 CD=(AVSTO—B )/ (AA—B )
- - 1 (2*1 (1— 1

H E AD =E L E Y (K 2) + C D ’ ( E L E V ( K 1 ) — E L E V ( K 2 ) )
CALL SEOCOM

100 CONTINUE
R E T U R N

END

—
I--- -- -  — — -——- -5-—-— - _______________
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C
C — — —
C

SUBROUTINE E YA PCO
C
C —  —---
C

DOUBLE PREC I SIO N RA NG .? ! -

DIMENSION QI (520) ,QS(520) .QE(520) ,PROa(51)
DIMEN SION ELEY (36 ),AREA(36 ),AVOL(36 ),AMPC (52),VOLUNE (36 )
CO MM ON/GE NER/ ELEV , AR EA , VO L UME ,NT I , H E A D ,NTIYR , NUMB E R ,III , DAMHT
1,ZFLEV ,AMPC ,AVSTO
COMNON/GENERA/RAKU, EPSILO ,EATA ,PROB ,QI,Q5,QE ,QER ,NN
COMMON /OPER/K .IM ,RESUR.R!$VOL

C.,.,, -

~~~~~~ THIS SUBROUTINE CALCULATES THE AMOUNT EVAPORATED IN A WEEK FROM
C,.,,

~ THE RESERVOIR

~~~~~~~
C***~* ANP C (I) — WEEKLY PAN EVAPORATION CO!?FICI!NTT FOR WEEK I
C....,
C**~~~~

QER=QE (IM) *RESUR*ANPC (IN) /12.
- - RETURN

END

I
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C 

-

C -
C

S U B R O U T I N E  SE DCO M
C
C
C
C
C THIS SUBROUTINE CALCULATES SEDIMENT VOLUMES TRAPPED IN THE RESERVOIR ,
C DISTRIBUTES THEN OVER THE HEIGHT ,CONPACT S THEN AT SPECIFIED INTERVALS
C AND APPLY NECESSARY CORRECT IONS FOR SEDIMENT SLUMP
C
C

REAL IUSO (1t4(4),IPICD (14(4)
DOUBLE PRECISIO N RANU ,TX
DIMENSION SPWT (2,520,3) ,ELEY (36) ,AREA(36 ) ,VOLUME (36) , A A R E A (36)  , A V O
1L (36),V(520,36),X(520,3),AMPC (52),ASSL(2,2,3),XI (3),PP(520),Rp (36)
DIN NSION ASNL(2 ,2,?),P(3,3)
DIMENSION DREAD(1414),EL PR EO (52)
DIMENSION QI(520) ,QS(520) ,QE (520),P R O B ( 5 1)
DIMENSION W (5O),IF~2 (5O)
COMMON ASSL,TT ,SP W T ,CPIFR ,TE ,BE TA ,E4IM,E N N ,ACQ I ,ACQS ,NU O C ,HH ,V.IDSS
1,IN S ,AVOL ,A7iRE A,X,GGAMA ,X S A V E ,OELTA

C O M N O N / GE N E R / E L E V ,A R E A , VO L U M E ,NT I , HEA D ,N T I Y R ,N U M B E R ,III ,D AMRT
1,ZELE V , A M P C , A VS T O

C O M M O N / G E N E R A / E A N U , EP SILO ,E A T A , PRO B ,QI ,QS ,QE ,QER ,NN
COM MO N / SUBO/ IO SD , IM CD ,E LPREO ,DHE A D ,OUT FL
C O M M O N / O P E R / K ,IM ,R E S U R ,R E S V O L
COMNON/SUBOPE/XI,Xi ,X2,13

C’**~.
C.’...
C**’~~* SPWT (K ,I ,J) — DENS ITY OF SEDIMENT IN LEVEL K AND ZONE 3, I YEARS OLD
C” ASSL (K,I,J) - D~~NS IT! (1 1) OR COMPACTION COEFFICIENT (1=2) 0?
C” SEDIMENT IN LEV EL K IN ZONE .7

- 
-
~ C***.* ELET - E L E V A ~~~CN FOR S T A G E — A R E A  A N D  S T A O E — V O L U M E  RELATION S OF RESE RVOIR

C” A R E A  — AREA FOR ELEVATION—AREA R E L A T I O N  OF RESERVOIR
C***** VOLUME — V O L U M E  FOR E L E V A T I O N — V O L U M E  R E L A T I O N  OF RESERVOIR
C***** AA R! A — O R I G I N A L  A R E A  FOR E L E V A T I O N — A R E A  RELATION OF RESERVOIR
C~ ***~ AVOL — O R I G I N A L  VOLUME FOR E LE VAT I ON -VO Lt 1M E R E L A T I O N  OF RESERVOIR

- 
- C***** NOTE: THE O R I G I N A L  E L E V A T I u N — V O L I J M E  R E L A T I O N S H I P  MUST SATISFY THE

- 

I C” FOLLOWING R E L A T I O ’~SHIP TO BE P H Y S I C A L L Y  M1~’A N I N G F U L , (AVOL (3+ 1)—
AV O L ( J ) ) / ( E L E V ( J + 1 ) — E L E V ( J )  ) .GI . ( A V O L ( ~1) — 1 ~V O L ( J — i ) ) / ( E L E V ( 3 ) —

C” ELEV ( J - 1) )  FOE ALL 3. IF THIS IS NOT TRUE FOR THE INPUT (ORIGINAL)
C*’*’~ R E L A T I O N S H I P  B E C A U S E  OF M E A S U R E M E N T  OR N U M E R I C A L  (ROUND—OFF)

E R R O R S , THEN T H E  R E L A T I O N S H I P  MUST BE ADJUSTED AT LE AST UNTIL
C” Til E &EO V E IS T R U E .  FA LtJR! TO DO SO MAY LE A D TO INFEASIBLE SEDI—
C” M ENT A LLOC A TIONS IN THIS MODEL.
C’**** FP ,W ,1K2 , AND HP — A RRAY S USED FOR TEMPORARY STORAGE IN V ARIOUS
C” CA L C U L A T I O N S .  P P MUST BE DIMENSIONED AS HP OR AS ELEY, WHICHEVER IS OF
C” G R E A T E R  D I M E N S I O N
C*’*” V (I .J) — A R R A Y  OF U t I C O M P A C T E D  OR COMPACTED S E D I M E N T  VOLU M E OR TINE I AT
C.” POSITION J IN THE R E S E R V O I R
C” NTI — N U M B E R  OF TIME INTERVALS IN V O L U M E — A R E A  CORRECTION PERIOD
C’*~ ” EMM ,E N N  — COEFFICIENTS IN TYPE EQUATIONS FOR RESERVOIR FROM PREVIOUS
C” EMPIRICAL WORK

+ C” BETA — TRIAL AND INCREMENT FRACTION OP TRAPPED SEDIMENT THAT COMPLETELY
C”*” FILLS THE RESE RV OI R TO TU E N E W  ZERO E L E V A T I O N
C

-,-—— —--~-~~ .m~~ ~~~~~~~~~~~~~~~~ -  - -  - - - —  -___ _ -#- - a__ .
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IP(((K/NTI)’NT!) .EQ.K)GOTO1O
C
C” DEAVOL - VOLUME OF SEDIM ENT BELOW ZERO ELEVATION
C” X (I) — F R A C T I O N  OF I N C O M I N G  S E D I M E N T  THAT IS COMPONENT I (AF TER
C” SLUICIHG),I=1 FOR CLAY ,I 2  FOR SILT,I=3 FOR SAND
C’*” ACQI — A C C U M U L A T E D  I N F L O W IN CORRECTION PERIOD
C**” ACQS — A C C U M U L A T ED S E D I M E N T  I N F L O W  IN CORRECTION PERIOD
C” NUOC — NUMBER OP VOLUME—AREA CORRECTION PERIOD
C” HEAD - HEAD IN RESERVOIR DURING TIME INCREMENT (ABOVE ZERO—ELEVATION)
C” HH — A V E R A G E  HEAD IN RES ER VOIR DURING CORRECTION PERIOD
C**~~~’ NTI YR — N U M B E R  0? TIME INTERV ALS IN A Y E A R
c *+*** fl)S — E~J~~SCRI?T OF W A T E R  LINE E L E V A T I O N  USED IN D E L I N E A T I N G THE
C” UPPER A N D  L O W E R  D E N S I T I E S
C” N U M B E R  — NUMBER OF ENTRIES IN ELEVATION—AREA —VOLU M E ARRAY
C***** G A N M A (I) — DENSITY OF I N C O M I N G  SEDIMENT COMPONENT I
C” G G A M A  — O V E R A L L  DE NSITY OF I N C O M I N G  SEDIMENT
C” ZELEV — Z E R O  ELEVATION OF SEDI M ENT AT THE DA M
C” D A N R T  — HEIGHT OF D A M  USED IN CALCULATING CAPACI TY OF RESERVOIR
Cs”
C*~~~*’ ACCUMULATING- ENTRIES  IN I N T E R I M  OF CORRECTIO N PERIODS
C*****

ACQI=ACQI+OUTFL
A CQ S = ACQS +QS ( K)
R ES VOL=RE S VOL +k VETO
H H = H H + H E A D — Z E L E V
R E T U R N

C,***~ I N C R E M E N T  N U M B E R  OF CORR ECTION PERIOD
C,,..,

10 NUOC=NUOC+ 1 
-C,,,,,

C*”*’ DETERMINATION OF ESTIMAT ED VOLUME OF SEDIMENT TRAPPED AT THE END
C’*’*’ OF THE CORRECTION PERIOD

A CQ I =ACQ I+O UT F L
ACQS = ACQS + QS ( K)

- - RESVOL=RESVOL+AVSTO
HH=HH+HEAD—ZELEV
HH=HH/FLOAT (NTI)
E VT = — .11718’ACQI+ .O2 1 53 *RE SVOL S .988 ’ACQS+ 111.68*NTI
IF(EVT.GT.ACQ$)EVT ACQS
I T ( E V T . L T . D . ) E V T O.
EVT=EV ?+X SAV E
Y R = F L O A T ( N T I ) /FLOAT ( N T I Y R ) ’  ( ?LOA T (N UOC) — .5) -

I F ( Y R . L T . 1 . O )  YR 1.O -

A V P O O L = H H + Z E L E V
WRI’T E (6 , 901)
WRITE (6,9O3)
WRIT ! (6,910) MN , AVPOOL ,OUTFL ,ACQS.RESVOL ,EVT

901 FORM AT (///,100 (‘*‘) .1/1)
903 PORNAT (//,5X ,’HII,A V P O O L A R E  IN FT.’,/,51,’OUTFL.RESVOL ARE IN AC

‘RE—FT. ’,/,SX ,’AC QS, EVT A R E  IN TONS’,//)
910 FORMAT (5X ,’HH = ‘,F7.1,SX ,’AVPOOL = ‘,-F8.1 ,3X ,’OUTFL=’,F8.1,3X,’AC

~QS= ’,F1l4.1,3X ,/,5X ,’RESVOL ’,F14.1.3X,’EVT ’,?1(4.1)
C,.,..
C****’ DETERMINATION OF DENSITIES OF AGED SEDIMENT COMPONENTS
C***’~~ -

YR ALOG 1O (YE)

- 

- 
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-
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00801—1 ,2
DOSOJ I,3

80 SPWT (I,NU OC ,J) 1.+&SSL(I,2,J)’YR/ASSL(I,l,J)
IF(!VT.LT . 1 O.) GO TO 5000
EVT ~ EVT~ 2 0 0 0 . / ( G GA M A ~ t4 3560. )
I SA V E =0.

C,,, ..
C”*’ D E T E R M I N A T I O N  OF NEW ZERO ELEVATION
C*’~**I—0

31 1—1.1
IP(ELEV (I). GT.ZELEV)GO~O3OGOTO31

30 11=1—I
13 11=11.1

IP((!LEV (II)—ZELEV) .GT.HH)GOT01~
S= (FLEV(II)—ZELEV)/HH
PP(II)=S”EIM’(l.—S)”ENN
GOTO13

14 I ? ( ( E L R V ( I I — 1 ) — Z E7.EY) .EQ. HH )GOTO 15
PD(II) 0.
11=11+1

15 1I 11— 1 -

‘3— It—I
- OZ!LET=ZELEV
C***~ *
C**~” INTERPOLATION AND DE TERMINAT I ON OF ZE R O ELEVA TION
C”.,’

DUVOL= BET A ’E VT
99 K 1 0
16 1 (1=1( 1+1

AA~ VOLU ME (K1)
I?(P.A.GT.DS&VOL)GOTOI8
B—A k
G0T01 6

18 1(2=1 (1—1
I?(B.GT.O.)GOTO19 - -

Ak— (AREA (K1)—TT)/(ELEV (K1)—OZELEV) -

ZELEV=OZELEV+ (SORT (TT”2+2’DEAVOL*Ak) —TT)/(AA)
j CD ( Z E L E V — O Z E L E V ) / ( ! L E V ( K 1 ) —OZEL EV)

GO T O2 O
19 k A = ( A R E A ( K 1 ) — A E E A ( K 2 ) ) / ( E L E V ( K 1 ) — E L E V ( K 2 ) )

ZELEV=ELBV (K2)+ (SQRT(AREA (1(2) “2.2* (DFAVOL—B) ‘IA) — A R E A ( K 2 ) ) / ( A I )
CD — (ZELE V — E L E V ( 1 ( 2 ) )  / (E LE V (K 1) — EL E V ( 1( 2 ) )

20 FPO=ZELEY — OZ E LEV
C*****
C CALCULATION OP RELATIVE AND ACTUAL RESERVOIR AREA IT ZERO ELEVATION
C’~*~ *P 1(1= (P PO/H H ) ~~ E MM ~ (1. —F PO / IiH ) “EU

I ’ ( F K A . L T . O . O O O O l )  GO TO 97
I ! ( R . G T . O . ) r , 0 T 0 9 6
AZS=TT .CD’ (AREA (Kl)—TT)-
GOTOlOl

96 kZS=kREk (K2)+CD ’ (AREA (K1)—AREA(K2) )
101 AZSS AZS

C****•
C CALCULATION 0? RELATI VE SEDIMENT AREAS
C..”

- _-,
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C HP (J) REPRESENTS SEDIMENT A R E A S AT ELEV. INDEX .7 IN THIS PART OP PROGRAM
17 s=0.

00223=1(1,11
22 HP (J)=AZSS*FP(J)/FKA

C”.,,
C”~’ DISTRIBUT ION OF SEDIMENT ALONG THE RESERVOIR HEIGHT
C,”

I P ( K 2 . L T .  I) GO TO (400
DO 1401 J=2,I -

1401 V (N UOC ,J—1) 0. —
D02 43 1 .1(2
V (NUOC ,J—1 ) =VOL UNE (J) —VOL UME (J— 1)

214 S=S +V(NUOC ,J—1)
GO TO 34$

400 IF(1 (2.EQ.1) GO TO 34
DO 402 J=2,K2

402 V (NUOC ,J—1) 0.
34 8 ( E L E V ( K 1 )  — Z E L ! V ) ’  ( A Z S S + H P  (K1))/2.

IF (B.  OT. ( V O L U M E  ( 1 ( 1 )  —DEAVOL) ) B = V O L U M E ( K 1 ) — DE A V O L
V (ry oC ,F 2 ) = U E A V O L — V O L U I I E ( K 2 ) . a
S=S+V(NUOC ,K2 )
D0253=K1 ,IJ
V(NUOC ,J) =(ELEV (J+1)—E LEV (3)) * (HP (J) +HP (J+1) )/2 .

25 S = S + V ( N U O C , J)
IF((ABS (S—EVP)/EVT).LE.O.O1) GO TO 98

C
C MODIFICATION OF ZERO ELEVATION RESERVOIR AREA

4 AZSS=.(EVT—DEAVOL) /(S—DEAVOL)’AZSS
IF(AZSS.GT.AZS)G0T097
IF(AZSS.GT.O.) GO TO 17
11=1(1
GO TO 98

97 D E A V O L = D E A V O L + B E T A ’E V T
G0T099

98 F ( E V T . G E . ( S ’ O . 9 9 9 9 ) )  EVT S’0.9999 -

C
C NP (J )  R E P R E S E N T S  C O M P A C T E D  SEDIMENT VOLUMES BETWEEN ELEV .IN D I CES
C .7 AND 3+1 IN THE REMAINING PART OF THE PROGRAM
C

DO 26J=1 ,IJ
26 HP(J)=0. -DO 403 J11 ,III -

HP(J) 0.
1403 V (NUOC ,J)=0.

C.’,..
C” SEP E RAT I ON OF SEDIMENT I N  RESERVOIR ( D I F F E R E N T I A L  SETTLING)
C*.~**

A A = 0 .
- - 1 (1=0

8=0.
YYT O.

H 00 61 .7=1 ,3
Y Y Y = X I (J ) *E V T + Y Y Y

62 1(1=1 (1+1
A A = V ( N U O C ,K 1 ) + AA
IP ( A A . G T . YYY ) GO TO 63
Balk

— 
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G0 T0 62
63 X ( N U O C , J ) = F L O A T ( K 1 ) + ( Y Y Y - B ) / ( A A — B )

IF ( Y Y Y . E Q . B )  I (NIJOC ,J) X ( N I JO C,J)— .0001
A A= A A — V(N U OC ,K 1)

61 1(1=1 (1—1
C
C USV0L ~ UN CO M P A C T E D  SE D I M E N T  VOLUME BETWEEN ELEV.INDICES 1(2 AND 1(2+1

USVOL = 0
DO 140 K K ’ .NU OC

isO USV OL=U SVO L+V( KK ,1(2)-
C.,.’,
C”.’ COMPACTION OP SEDIMENT AT EACH ELEVATION WIT H RESPE CT TO THE DENSITIES
C’s” AS FUNCTIONS OF MATERIAL ,AGE•AND SUBMERGENCE
C..”.

ID S=II I
DO 3028 ICK 1,NUOC
I F ( X ( K K ,1). !Q.0.) GO TO 3028

F NR!CrNUOC+I~ KK
I J I = I F I X ( X ( K K , 1) )
1 J 2 = I P I X ( X ( K K , 2 ) )
1J3=I}’ IX(X(KK,3))
AA Q .
HH 0.
YYY O.
JI=1
J 0

71 3=3+1
A = V ( K K , J)
IF(J.EQ. IDS)JI= 2

:~ IF ( J .E Q . I JI )  GO TO 70
R = A / S P W T ( J I ,N RE C ,1)
V ( K K ,3) = R
H P ( J ) - = H P ( J ) +R
AA AA + R
HH HH+R
T Y Y YYY + R
GO TO 71

70 IF (J .E Q .132)  GO TO 72
B=A’ (X(KK ,l)—FLOAT(J) )/SPWT (JI,NREC,l)
R= 13+A*(I’LO AT(J+1)—X (KK,1))/SPWT (JI ,NR E C,2)
V ( K K ,.J)=R
HP (J)  HP (3) +R
A A = A A +8
H H HH +R
YY Y YY Y +R
GO T O7 L I

72 B=A* (x(KK ,1)—?LOATIJ))/SPNT (JI,NREC,1)
S =A* (X(KK ,2)—X(KK ,1))/SPWT (JI,NREC ,2)
Fc B + S  +A * (FLO A T ( J + 1 ) 1 ( K K , 2 ) ) / S P W T (3I , N R E C , 3)
V I K K , J ) = R
HP (3) HP (3) +R
AA A A + B
HH HH+B+S
Y Y Y = Y Y Y +R
I P ( J . E Q . I J 3 ) GO TO 28
G0T075

7(4 3=3+1
A V ( K K ,J)

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
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I ? ( J . E Q . I D S ) J I 2
IP (J.EQ.I32)GOTOB2
R=A /SPWT(JI ,N REC ,2)
V ( K K , 3) =R
HP (3) =11 ? (3)

YY Y YYY + R
GOTO 74

82 B = A ’ ( x ( K K ,2 ) — P L O A T ( J ) ) / SP WT (JI ,WREC ,2)
R=B4A ’ (FLOAT ( 3 + 1 ) — I  (K K ,2) ) / S P W T ( J I , NR E C , 3)
V (KK ,J) R

HH= NH + B
Y Y Y = T t T + R
I F ( J . !Q . 1J 3 ) GO TO 28

75 3=3+ 1
A= V ( K K ,J )
IF (3. EQ. IDS) 31=2
IF (J .GT . 1J3) GOTO 28
P—A/SPWT (JI ,N REC ,3)
V(K 1(,J)=B
H P (J ) H P ( J ) + R
YYY YY!+R
G0T0 75

28 1(1(1,1)—IA
X (t1,2)=HH
~~~~,3~ -YYY

3028 !L’5 1?SS
- - C~~**~

C***~’ CORRECTION TO ZERO ELEVATION FOR CO M PAC T ION OF SEDIMENT
C.”.

111 (2—1 (2
S—O.
8=0.

- 
~~

- DO 301 3=1,1(2
301 S= S+HP (J)

300 DE A VOL=S— H P( 12) +( Z EL!V - ELE V (1(2 ) ) / (E L E V ( 12+1)—EL !Y ( 1(2 ) ) ’(A V OL( 1C2G 1)
‘—AV OL (K 2) )‘ (HP(K2) / USVOL )

33 1(1=0
35 1 (1= 1 (1+1

AA= k VOL (1(1)
IP(AA .GTE DEAVOL) GOT O36
B—Ak
G0T035

36 CD= (DEAVO L—B )/ (AA—B)
- 

- 1 (2=1 (1—1
Z!LEV=ZLEY(12)i-CD*(ZLEY(K1)—EL!V (12))

• - - C**~~~
C” SE DIMENT SLUMP TO CORRECT ANOMALY INDUCED BY COMPACTION AT ZE R O
C*

~
*., ELEVATION

C..,..

• 

- 
IF(12.EQ.1I12)GO TO 90

1$72 SSS—O.
DO b60 1=1,111(2

-; - 1460 SSS SSS+9P (t)
SSS SSS—DEA VOL
PPR=AV OL (1112+1)—DEAVOL
HP ~~K2 )  =~~!5/P -BR ’ ( A V O L ( K 1 )  -D E AVOL) +D EAVO L —AVO L (1(2)

~ i
4
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&REA(I(1)~~(AVOL (K1)—AVOL (K2) HP(K2))/(ELET(((1)—ZELBV~
KPI=I~2*1
DO 47OJ~KPI,tIK2
NP (J) aSSS/9 RE* (A VOL (J+ 1 ) — LV CL (J) )

t U70 AREA (J+1).(AVOL(J+1) AVOL (J) HP(J))/(ELEV(J+1)—ELEV (J))
IP(ttREA (11K2 +1).GE.AREA(11X2)) GO TO 911
11K2z 11K2+1
GO tO 472

90 NP(k2) 9—8
AREA (K1)=(LVOL(K1)—AVOL (((2) 0P(K2))/(ELEV (K1)—ULEV)
((P1= 1(1+1
A R E A  (((RI) . ( & V O L ( K P I ) — A V O L ( K 1 ) — H P ( I ( 1) ) / CE L E V I I C P’I)—E LEV (((1) )
X?(AREA (((PI).GE.AREA (l (1)) GO TO 96
III(2 11K2+1
GO TO 1112

94 I? (K2.EQ. 1) GO TO 95
1tK2z 1(2—1
DO 93 3=1 ,111(2

93 UP (J ) :AV OL(J+1) -AVOL(J)
cs*** *
C***** ADJUSTMENT TO ELEVATION— AREA—VOLUME RELATION BECAUSE OP SEDIMENT
c*s**.

95 D037J=1 ,K2
A R E A  (J) 0.

7 37 YOLUP’E(J) O.
AA = A VOL(K 2) + H P (K 2 )
((2=1(2+1
V0LUrE (K2)=AYOL(1(2) —AL

630 D038J=K2,NUMBER
A A= AA+f f P(J — 1)
VOLUNE ~J) =AVOL(J) —AL
A R E A  ( J ) = ( V O L U P IE ( 3 ) — V O L U M E  ( J — 1) ) /  (!LEV (J) —EL !V (3— 1))
I ? (A R E A ( J ) .G ? . A R E L ( J — 1 ) ) GO TO 38
GO TO 666

38 CONTINU E
GO TO 6110

Ct****
C***** SEDIM E NI  SLU M P TO CORREC T ANO MALY INDUCED BY COMPACTION AT SEDIMEN T
C~~~*** ZONE INTERFACES
C*****

666 1(1=3—1
A A = A A — H P ( K ! ) — H P ( 1( Y — 1 )

669 B8=k1
555=0.

I ~~~ DO 667 1=1(1,3
667 SSS=SSS+RP( I 1)

V P RR=AY OL (J ) — A V O L (KY— 1)
DO 668 1K 1 ,J
RP (I—1)=SSS/RRR* (AVOL (I) —AVOL (I—I))
BS=8B+RP (I—1)
VOLtINE (I) =AV OL (I ) —38

668 AREA ( I ) = ( V O L U N E  (1 )—VOLU M E (1 1))/  (BLEV (I) — E L EV (1 1))
3=3+1
!F(P .R EA ( J ) . L E . A R E A ( J — 1 ) )  GO TO 669
I ? ( A R ! A( K Y ) . L E . A R E A ( K Y — 1 ) )  GO TO 670
A& =BB
1C2 J

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~;
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GO TO 630
670 J 3—1

KT~ ICY—1
kA *A *—R P (  NY—i)
G0 T 0 669

6~40 A— (ELEV(K1) —ZELEV)/ (ELEY (Ni +11 —2!LEV)~ ( & B f l ( N 1 . 1 )  — A B E L ( k 1 ) )  +kRfl (N
11)
TT=2 . *AREA ( l ( 1 )—l
I? (TT.LT. 0) TT=0
I F  (TT . EQ. 0.) ZEL EV=E LE V( K1 )  —2.  *V OLUME (N i)  /A
A REA (N1 ) *A
K 1 K I + 1
DO 900 J=N1 ,XII

900 AREA (J ) = (ZLEV (J) -ELE Y (3—1))  / (ELEY(J+1) —EL !V ( J — 1) ) *  (AREA (J+1) —UH (
IJ)) +APEA(J)
AREA (NUMBER) ~2. *AREA (NUMBER)—AREA (IXZ)

C***** COMPACTE D SEDIMENT OP EACH AG ! IS RED ISTRIBUTED (SLUMPS) TO AGREE Vt?!
C***** ACCUMULATED (OVER ILL AGES) SEDIMEN T DISTRIBUTION

D0999KN 1,MUOC
999 ?P ( N K ) 0.

C
C CALCULATION OP EXCESS SEDI M ENT VO LUNrS A N D  IDEN ?IFICATIOI 07
C THEIR LOCATI~~1S(IN TERMS OP AGES)
C

DO 1000 J 1 ,IIt
I~K2(J ) =0
S=0.
N N U OC

1003 IP(Y (KK,J).GT.O.) GO TO 1002

IP(NK.EQ.O) GO TO 1000
GO TO 1003

1002 DO 1007 1 1,KE
1007 S=S+V(I ,J)

SS A BS (S RP(J) )
IF(SS.LT.DELTA) GO TO 1000

1001 I P ( S .L T .H P ( J ) ) GO TO 100~
J S=RP (J) /S

DO 1005 11 .NN
A = V ( I ,J)*S
PP ( I )= FP ( I ) + T (I , J ) A

1005 V( I,J.)=A
GO TO 1000

100’s 1K2(J) =NE
V (J) —S

1000 CONTINUE
C
C R E D I S T R I B U T I O N  OP EXCESS SEDIMEN T VOLUME S BY PRDPORTIONAT!LY INCREA SING
C SEDI ME NT V0LU!ES OF ALL AGE S BET WEEN EACH PAIR OP ELEV.INDIC !S
C W H E R E  DEFICIT EXISTS
C

DO 1006 3=1,11!
K X a IN 2 ( J )

C X F ( E f ~.EQ. 0) GOTO 10O6
• R W (J )

B =HP (3)

I

- 
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8 1 8
R H— B— i
!F(RR .LT . DELTA) GO TO 1006

C
C REDISTRIBUTI ON STARTING FRO M OLDEST TO LATEST SEDIMENT S
C

DO 1008 I 1 ,XN
S Y ( I ,J )
A S S  B I/ i— S
I ? (A . G T .F P ( I ) ) A =V P ( I )
?P (I) P P( I ) — A
A A+S
V (I , J) .k
B 8—A
IF (B. L ? .DE LTA)  GO TO 1006

1008 CONTINUE
IP (B.L? .DE L TA) GO TO 1006

C
C REDISTRIBUTION OF R E M A I N I N G  EXCESS SEDIMENT VOLUMES STARTING
C FRO M LATEST TO OLDE ST SEDIMENTS
c

DO 1009 L=1 ,NK
R~ B
I — K N + 1 — L
IP(R.GT.FP(I))R.PP(I)
V(I ,3) V(I ,J) +R

• ?P(I) FP(I) —R

I?(D.L’r.D!L?&) GO TO 1006
1009 CONTINUE

I!(KX.EQ.NUOC) GO TO 1006
!!(B.LT.DELTA) GO TO 1006
KK=KX + 1

• C
C REDISTRIBUTION OF STILL R E M A I N I N G  EXCESS SE DIBEN T VOLUMES TO
C LOCATIONS (OR AGES) WHERE NO DEPOSITION OCCURRED PREVIOUSLY
C

DO 1010 I — K N , NUOC
R sB
IF(R.GT .FP( t ) ) R=FP (I)

- p- - - . V (t ,J) =R •
TP(I) =?P(I) —R
3=3—i
IP (B .LT . DE L TA )  GO TO 1006

1010 CONTINUE
1006 CONTINUE

C
C R!COMPUTATION OF ELEV.INDICES AT SEDIMENT ZONE INTERFACES RESULTING
C FROM REDI S~~~IBU TION OF SEDIMENT FOR SLUM P
C

DO 3061 NN=1 ,NUOC
I P ( X ( K N ,1) . !Q.O.)  GO TO 306 1
IPLAG O

3.0.
DO 3060 .7=1,3 -

Y !Y=X(K N.J)

di 
_ _ _ _ _ _  

_ 
_ _  
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3062 t ? ( N 2 . E Q . IXI) GO TO 4000
K2 = N 2 + 1
IF (V (N1C ,K2 ) .E Q.O . )  GO TO 3007
IV (N2.LT.III) GO TO 3003
I? L AG 1
GO ‘0 3001

3003 t F ( V ( K K ,K2 . 1 ) . E Q . O . ) I P L L G I
3001 A h = V ( K K ,K 2 ) + A A

I F ( A A . G T . TTY) GO TO 306 3
B=AA

3007 I? ( IFLAG. !Q.O) GO TO 3062
4000 X ( K N ,J) =FL OA I (K2) +.9999

GO TO 400 1
3063 I ( KK ,3) =F LOAT C R 2)  + ( U t — B )  / (A A—8 )

I F ( Y T Y .  EQ.3) X ( N K , J ) *1 (K k , J) —0.0001
4001 A A = A A — V ( K K ,N2 )
3060 K 2 = N 2 — 1
3061 CONTINUE

IFLAG O
2038 CONTINUE

C
C PRINTING OF OUTPUT RESULTS
C

IF’((R/NTIYR)*NTITR.NE.N) GO TO 2500

• WRITE (6 ,602)
IY=K/N TIYR
W R I T E ( 6 ,605) IY

605 FORMAT (2U,’!LEVATION—Y OLUME—AREA RELATION AFTER ,I5,’ YEARS 0?
1 SEDIMENTATION’//3 I, ‘ELEVATION’ ,‘$X ,’SEDIMENT VOLUMES(ACRE—P?)’,
$35X ,’VOLUME ’,31,’AREA ’/3X ,’(FT,NSL)’, 651,’ (APT)’,3X,’ (ACRES)’,/)

- • K 2 = K 1—2
DO 9000 J—1 ,A2
WRIT! (6.600)ELZV (.7) ,V O L U M E ( J )  ,AREA(J)

9000 WRITE (6,6O 1) (V ( LC K,J) ,KK=1 ,NUOC)
• WRITE (6,603)ZE LEV ,VOLUME (K2),TT

N 2 = K 2 + 1
nO 9001 J=K2 ,III
V R I T E ( 6 ,600) ELEV( 3)  ,VOLUM! (J ) ,AR EA(J )

9001 WRIT E (6 ,601) (V( NK ,J),KK=1 ,NUOC)
WRIT ! (6 ,600 )E LE V (NUMBER)  ,V O L U N E (N U M B E R )  , A REA (NU M BER)
W R I T E ( 6 ,602)

600 F O R M A T (51,F4 .0 . 6 1X ,P1O.2 ,31,F9.2)
601 ? OR MAT(1O Z , 6F10 .2) -

602 F O R M A T  (///)
603 FORMAT (51 ,F6.2,’ (ZERO ELEVATION) ‘,‘s3X,F10.2,31,F9.2)

- ~ 2500 CONTINUE -

IF(IPLAG. EQ .1) GO TO 5003
~~~~~~ -

C•*•** UNC O M PACT E D SEDI MENT EQUIVALENT OF EACH AGE IS CALCULA TED PROM
— - C~ ***S R E D I S T R I B U T E D  COMP AC TED SEDIMENT ( N E W L Y  W ETTED SEDIMENT OF EACH AGE

C~ SSS* CONTINUES COMPACTION W I T H  WET ZONE COEFFICIENTS AT S A M E  AG !)
: c*****

DO 2028 KK= 1,W UOC
I?(X(ICK,1).!Q.O.) GO TO 2028
WREC NUOC+1—NN

• IJI=IPIX (X(KN ,1))
IJ2 XPIX (X ( KK ,2))
1J3 I?IX(X(KK ,3)) -

I
,
-

________________ ______________ _ _ _  

‘
~~~~~~~~~~~



_ _ _ _ _ _  — 
_ _  

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

—.-- --— — -

r

89

ST—i
7 0

2071 1=3+1
A.V (kk ,J)
tP(J .E Q. I DS)JX —2
T?t J .EQ. I J t ) GO TO 2070
V ( K K ,J ) — h * S P W T (J I , NR E C, 1)
00 TO 2071

2070 IP(J .EQ.IJ2 ) GO TO 2072
B—A S ( I ( N K ,1) —PLOA ?(J)  ) *SPVT (JI ,IREC ,i)
R—8+I * (FL OAT( J +1 )—1 (KjI ,1) ) * SPVT (JI ,UEC,2)
V(ICN ,J)—R
X (KK ,1)—FLOA? (J)+3/R
GO TO 2O7*

S 
2072 BA *(X(NK ,1)—FLOAT (J))SSPVT (JT,U!C,1)

S SA * (I(NK ,2)—X (KN ,1))*SPWT (JI,U!C,2)
R= B + S+A *( ?LOAT (J+1) —X (NI( ,2) ) *SPW?(JI ,U!C,3)
V(KN,J)—R
1(KK , 1) =FLOA T (3) +3/i
X ( R K .2) =FLOAT (J) + (B+ S)/R
X ( N k ,3)=FLOA T (3) +0. 9999
IF(J.!Q.133) GO TO 2028
GO TO 2075

2074 .7*3+ 1
A—V (N X ,J )
IF(J.EQ.IDS)JI=2
IF(J.!Q.I52) GO TO 2082
V ( K E  .3) =A*SPWT (JI,NREC,2)
GO TO 2074

2082 B—At (I(KK ,2) —PLOAT (J) )*SPWT (JI.NREC .2)
R B+A * (FLOAT ( 3+1)— I  (Kk ,2) ) *SPW T(JX ,NR !C, 3)
V (KK ,J) =R
X (KK ,2) =PLO&T (J)+B/R
X ( K N ,3 ) — F L O A T (J)+0 .9999
I?(3.!Q.IJ3) GO TO 2028

2075 3—3+ 1
A— V (U ,J)
IF(3.!Q.IDS) JI—2
t?(J .GT.t33) GO TO 2028
V (KK .J) —A *SPWT( JI ,NREC ,3)
X (Nk ,3)—PLOAT (J)+0.9999
GO TO 2075

- -
‘ - 2028 CONTINUE

~

- ~~~~
. S C**~~ *

C*•*•• R!I$ITXALIZATIO M OF PARAMETERS
- ; CS’S..

5003 ACQI—0.
ACQS O.

- S RH .0.
RESYOL=0.
R E T U R N

5000 DO 5001 3*1,111
5001 V (NUOC,J)aO.

X SAVE EVT
DO 5002 3.1,3

5002 X (WU OC ,4) O.
I FL AG —1
G0 T0 2038
END -

- 1  -
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/ /GO.SYSIN  00 *
1

10
.000025

32072.7 232 06.6 17742.1 15796.3 28780.1 12670 .4  56661.8 42307.4 14068.7

9629.7 6791.4 8759.0 6240.0 4990.4 4 4 3 7 . 0  41~~3.6 3824.1 15736.8
7414.2 4661.2 4185.1 3 173.6 2796.7 3887.6 2955.4  2687.6 1993.4
2043.0 1884.3 1963.6 2459.5 28661.1 53395.0 29 137.2  9 1140.41 56535.4

113613.1 40621.5  236 82.6  2 5 9 0 4 . 1  4187 1.0  2 6 0 4 2 .9  30644 .6  52978.5 45064.4
54545.4 31200.0 14360.3 9592.1 36924.3  2 2 0 69 .4  13590.7 9488.9 1083.0
6291.6 5293.9 4724.6  3504.6  4026.4 6 4 8 7 . 9  3373.9 3161.6 8953.4
8441.6 5615.2 4843.6 5166.9 21001.0 18446.3 1 2 8 7 2 . 7  13745.4 12545.4

10389.4 9431.4 8876 .0  20 9 4 5 . 4  12813.2 99311.8 37487.6  27768.6 16879.3
13904. 1 11821.5 12158.7 9758 .7  7715.7 1398.3 8350.4188429.6169427.9
61943.8 80127.1 46809.9 12833.0147689.0 64740 .4  65690.8 64264.4 33381.8
27609.9 27094.2 17950.4 14033.0 230-tl.9 1 32 2 5 . 8  10899. 2 7358.7 6293.5
5601.3 5720.3 7666.1 4901.1 3453.2 4835.7 16681.0 8604.3 6372.9
5438.7 5262.1  146 32.0 8737.2 7804 .9 6628 .8  5256 . 2 4919.0 4443.0
3312.4 3669.4 3590.1 3421.5 3600.0 2320.7  1795. 0 2052.9 16462.8

69421.4 46393.4103993 .2  95642 .8  66426 .4  64998.3 11761.9 36238.0 36099.1
35127.2 2 3127.2 17514.0 15173.5 13388.4 11609.2 37418. 2 21104.1 13646.3

9233.0 9873.7  7959 .7  11504.1 151~~9.8 2 5 8 2 4 . 8  19804.9 9467.1 6420.5
- • 4536.2 4105.8 20013.2 9996.7 7876.4  32568.6 21520.6 23008.2 16581.8

31477.7 34651.2 40938.8 43279.3 31239.6 24495.8 18089.2 19438.0 16462.8
15471.1 12515.7 10988.4 9084.3  9758.7 14517.7 18049 .6 14261.1 12039.7
11781.8 23008.2102842. 9184661.0145586.6 98459.4 64403. 3 38419.8 30109.1
38737.2 39927.2 24376.8  59246.2 51312.4 37328.9 20449.6 15332.2 15619.8
31715.7123966.7 97864.3 40185.1 24119.0  15719.0 12803.3 11085.6 21179.5
27034.7 14290.9 9903.5 11525 .9 14608.2 4425.1 2465.5 10310.1 12083.3

9540.5 8429.7  77 15.1 7239.7  6470. 1 5942.5  3455.2 1493.6 1511.4
3788.4 4284.3 4066.1 4502.5 3748.8 3371.9 2518.5 4304.1 6406.6
7676.0 6208.3 26935.5 53355.3566478.8151100.6 26538.8 15679.3 11563.6
12065.4 23095.5 39649.6 33123.9 30604.9 16938.8 14390. 1 17153.0 16710.7
10155.4 9318.3 13785. 1 22452 .9  31557.0 17976.2 12376.8 10690.9 6311.4
5430.7 5611.2 4706.8 4046.3 3808.3 3314.4 2929.6 2671.7 3024.8
2778.8 2645.9 2596.4 2602.3 3518.7 2893.9 2338.5 1725.6 1088.9
1069.1 1106.8 1342.8 1553.1 2465.5 2479.3 2721.3 2856.2 2782.8
2824.5 3145.8 447 6.7 3824.1 3215.2 13023.5 109i9.0 10857.5 73487.6

18922.3 23444.6 19517.3 14386.1 10450. 9 7 154 .4 13ô22.5 432 19.8 19989.4
14515.0 18981.8 14027.1 7102.8 9933.2 6765.6 4260.5 3931.5 6573.2
8217.5 11042.0 13916.0 8638.0 5793.7 4770.2 4 2 5 6 . 5  3935.5 3909.4

H 3530.6 3477.0 24 89.3 2469.4 2390.1  3451.2 2 3 2 0 . 7  2132 .5  10076.0
4581.8 3054.5 26281.0 3252.9  43338.8 25983.4 26578. 5 45024.8  55933.8
46016.5 39669.4 73983.4219173.3204098.9103297.4 83087.5 37626.4 23682.6
16542.1 23444.6 57699.1 61943.8 31418.1 19081.0 18636. 7 22552.0  48 158.6
21500.8 11700.5 7506.6 6041.o 4585.8 4399.2 15276.7 19537.2 40343.8
72138.8107960. 1102346.9 67933. 8 33699.1 3? P5 . 6  26995.0 21937.2 23720.6
23008.2 20112 .4  19180.1 23444 .b  2 7 9 27 . 2  2P.8~~9.5 32 5 4 8 . 7  28462 .8  21223.1
13249.6 8826.4 33203.3 374 87~~5 18981.8 15094.2 16700.8 16462.8 39847.9
42545.4  36833.0 305 65.3 27 3~~2~~2 -2 4 4 3 6 . 3  2 2 7 5 0 . 4  2 4 9 52 . 0  60555.3 58909.0
52720 .6  339 17 .3 112482 .5 100006 .4  38380.1 31636.3  202 11.1  15740.8 16684.9
12799.3 8640.0 69 46.1 8604.3 6505.1 4401.3 3691.2 3233.3 2731.2

2647.9 2596.4 33 10.4 2463.5 2179.8 2 4 1 3 .9  1989.4 2437.7  2290.9
2090.6 1406.3 1257.5  9143.6 5285.9 35~~6 .4  8727 .3  3352.1 2691.6
2943.5 4720 .7  14459.5 9897.5 7 2 3 3 . 7  7392 .4  7685.9 7473.7  6021.8
4901.2 5648.9 41 33.6 3423.5 15092 .2  10889.2 71761.9  33540.5 25269.4

13658.2 9197.3 7025.4  7812.9  12537.5 6567.3  5329 .6 4115.7 3298.5
• - - 3125.9 3625.5 2743.1  2358.3  2 7 3 7 . 2  2653 .9  2782.8 5301.1 4478.7

3697.2 3607.9 273 1.2 3280.7 2 77 8 . 8  2 9 5 5 . 4  2336 .5  2257 .2  1499.5
1402.3 465 1.2 7180.2 4387.4 3008.9 2 2 4 9 .3 1953.7 3 123.0 7547.1
5121.3 4446.9 10615.0 7733.5 8205.6 19933.9  16958.7 9594.0 7281.3
6257.8 5658.8 4671.1 4764 .3  4954.7  9421.5  20112.4 9296.5 11178.8

32033.0 14804.6 24 199.3 11256.2 6884.6 4 264 .5  3996.7 4881.3 3965.0
30. 65. 93. 16. 5.7 0.
46. 74. 93. 10.7 2 .7  0.
.95 .05 .00 .07 .80 .13 .00 .10 .90
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.61 
~~~~ 

.01

36
650. 92.5 0.
652. 157.5 250. -

654. 262.5 630.
656. 392.5 1300.

• 658. 600. 2200.
• 660. 875 3700.• 662. 102 .0 5700.

664. 1075.0 7800.
‘ 666. 1300. 10000.

668. 1750. 13000.
670. 2125. 17000.
672. 2450.0 21500.
674. 2825. 27000.
676. 3500. 33000.

• 678. 4450.0 41000.
680. 4750. 50800.
682. 5550. 60000.
684. 7000. 73000.
686. 7750. 88000.
688. 8175. 104000.
690. 9000. 120700.
692. 10425. 140000.
694. 12250. 162400.
696. 13650. 189000.
698. 14375. 217000.
700. 15500. 24 6500.
702. 17375. 279000.
704. 19525. 316000.

• 706. 21000. 357100.
708. 21725. 400000.
710. 23000. 444000.
712. 24650. 492000.
714. 25825. 542600.
716. 27400. 595300.
718. 29 175. 652200.
72O

~ 2 
30625. 712000.

.98 .98 .98 .97 .92 .86 .80 .76

.68 .6 .54 .52 .5 .5 .45 .4

.41 .42 •4? .43 .43 .44 .45 .45

.46 .46 .4* .48 .48 .49 .50 .54
:~ :~~ 2 :U
.97 .97 .975 .98

I
0.00 0.02 0.04 0.06 0. 08 0.70 0.[~ 0.14
0.16 0.18 0.20 0.22 0.24 0.26 0.~~ 0.30
0.32 0.34 0.36 0.38 0. 40 0.42 0.44 0.46
0.48 0.50 0.52 0.54 0.56 0.58 0.60 0.6
0.6k 0.66 0.68 0.70 0. 72 0.74 g.m
O.8v 0.82 0.84 0.86 0.88 0.90 .92 u.9
0.96 0.98 1.00

—5 .56 —1.5776 — .9505 — .7998 — .6731 — .6139 — .5654 — .5105
— .

~~~~
7

~~~~1 
—.4~97 —.4067 — .379 — .�5O~ -.3311 — .~~L4 4 — .299

S
_
i - — .286, —.2i1 6 —.2584 —.2463 —.~~35’e — .2235 — .~~107 — .190

— .1715 — .1534 — .1388 — .1199 —.1045 —0. 0901 — .0751 — .0641
— 0546 — .0436 — .0338 — .0225 — .0049 .0151 .0~~~3 O95~.1414 .2119 .2968 .3524 .4559 .61,6 .8~u9 l.28u2

1.8758 2.9926 10.3618 
-

0.62828 0.62820 0.79689 0.92015 0.80472 0.60640 0.57973 0.67773.
0.68174 0.60932 0.67097 0.85808 0.90786 0.73221 0.57295 0.61025
0.69600 0.65581 0.60762 0.73047 0.902 17 0.86700 0.6622 1 0.56489
0.64640 0.69704 0.62828 0.62820 0.79689 0.92015 0.80473 0.606
0.57973 0.67773 0.68174 0.60932 0.67097 0.85808 0.90786 0.732
0.57295 0.61025 0.69600 0.65581 0.60162 0.13047 0.90217 0.867
0.6622 1 0.56489 0.64639 0.69704
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15847.360 14167.780 12659.110 11343.320 10239.570 9363.949 8729.355 8344.828
8216.055 8345.051 6729.797 9364.727 10240.470 11344.430 12660.450 14169.340

15849 .030 17675.110 19620.810 2 1 6 5 7 . 9 4 0  2 3 7 5 6 . 7 2 0  25886 .600  28016.370 30715.150
32 152. 160 34097 .870 35923.830 37603.410 391 12.0 80 4 0 4 2 7 . 8 7 0  4 1531.610 42407.250
43041.950 43426 .370  43555 .140 4 3 4 2 6 .150 4 3 0 4 1 . 40 0  42436 .470  41530.730 40426.760
39 110.750 37601.850 3 5 9 2 2 . 2 7 0  34096.200 32150.380 30 113.260 28014.480 25884.590
23754.820 21656 .040 19619.030 17673.330

12246.5 8820.0 6372.0  5254.6 5689.6 7733.1 11259.5 15968.7
214 16.0 27061.1 32330.4 36685.3 39687.0 4 1051.0 40682.8 36691.8
35379. 3 31204.1 26730.9 22 557 .6  19250.8 17274.9 16938.8 18360.3
21453.5 25941.7 31392.4 37270.3 43002.7 48046. 9 51952.6 54411.6
55287.8 54625.4 52633.9 49652.8  46 100.8 42416.9 39000.7 36160.9
34077.6 32784.2 32170.0 32003.9 31975.2 31745.9 31006.0 29526.1
27198.2 24059.4 20295.3 16221.4

— .035 1.14
.0 .0 .0 - S

—2 . 1997  — 1.374 — .9695 — .87 30 — .79 17 — .7480 — .6802 — .6346
— .601 —.5774 —.5633 —.5439 —.531 —.4972 -.4884 — .4753
— .463 2 — .4468 — .43 23 — .4229 — .4022 — .3867 — .38 — .3598
— .3436 — .3 259 — .3073 — .2815 —.2573 — .2444 — .2259 — .2088
— .7894 —.1384 — .1074 —.0516 .0152 .089 .1707 .2806
.4014 .5693 .1223 .8629 1.0864 1.4725 1.9023 2.2453
2. 542 1 2. 9939 3.5136
6861.42 12581.02 4879.13 13248. 3 9541.89 7205.96 4 4 7 4 . 2 8  3105.46
8772.57 3315.68 5721.25 3913.66 1934.54 298.4 18854.5 563.96
20394.56 31341.38 17169.11 28996.35 7703.19 1361.6 32319.38 32189.33
38824.88 26423.16 36992.95 39196.98 39072.57 86219.69 94 15.02 11357.75
19806.05 26358.75 27444.71 43415.3 45504.59 34406.33 4-i601.84 52199.24
47059 2 52670.71 28940.84 17296.51 33943.94 26572.07 15100.63 8675.58
8045.67 4457.65 4086.29 5751.3
11574.59 21588.07 7537.9 33815.39 18855.98 12339.31 9443.59 6602.16
14879. 14 5948.32 14535.32 7 166.49 2862.86 267.58 13341. 667.7
28570.7 43423.32 23928.56 40944.5 1 10824. 13 1876.32 32870.36 33172.5
36829.98 4’~088.49 78931.31 70545.88 56497.36 138382.8 17124.45 11391.65
20139.41 40950.71 44075.04 49497.81 65293.11 62691.49 41767.46 72836.63
103228. 123676. 45608.51 27234.27 30671.9 41376.76 14190.57 10363.76
10472.75 5889.53 8497.7 13248.98• .859 889 .718 .783 .688 .57 .472 .399
.315 .236 .157 .079 .067 .059 0.059 .067
.079 .079 .079 .138 .169 .236 .315 .433
.531 .609 .854 .981 1.059 1.151 1.351 1.262
1.355 1.478 1.502 1.45 1.657 1.63 1.786 1.7
1.637 1.628 1.662 1.569 1. 473 1.508 1.363 1.386
1.244 1.187 1. 082 1.124
— 2.3828  — 1.5994 —1. 3065 — 1.125 1 — .9786 — .8322 — .6958 — .6027U — .5244 — .4568 — .41 17 — .3279 —.2849 — .240 3 — .1990 — .1562
— 1221 — .0943- — .0778 — .0565 — .040 4 — .0311 — .0266 — .0266
— .0143 —.0104 —.003 .0051 .0111 .0141 .025 .0322
.039 .0482 .0653 .0850 .102 .1377 .1765 2303
.279 1 .3454 .4243 .5406 .6846 .8510 .9924 1.1814
1.4974 1.7415 7.2624
655. 660. 665.5 669. 671. 673.3 675. 676.5
677.8 679. 680.5 681. 682. 682.7 683. 5 684.2

685. 685.9 686.3 687.1 687.5 688.1 688. 7 689.2
689.7 690.2 690.9 691.2 691.8 692.2 692.6 693.7
693.6 694 . 694.3 695. 695.4 695.8 696. 696.5
697.0 697.3 697.8 698. 698.4 698.8 699.1 699.3
~~~~~~ 100. !OQ.~ 700.8 701. 701.3 701.6 101.9r0 2.~ :02.4 iOt.~ 703.0 7O~ .2 103.5 70i.8 04.
704.2 704.5 104.8 705.0 705.2 705.4 705.7 706.1
706.3 706.6 706.9 707.0 707. 2 707.5 707. 8 708.
708.2 708,4 708.6 708.9 709. 2 709.35 709.5 709.8
710. 710.2 710.6 710.8 711. 711.1 711.3 111.5

- 
- 711.7 711.9 712.1 712.3 712.5 712.1 712.9 713.

113.2 713.3 713.6 713.8 714. 714.1 714.3 714.5
714.7 714.9 715.0 715.1 715.3 715.6 715.8 716.
716.2 716.4 716.1 716.9 71 7. 1 717.2 717.35 7 17.5
717.62 717.78 718.0 718.15 718.31 718.46 718.61 718.77
718.92 719.08 719.23 719.39 119.54 719.69 719.85 720.
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3471. 5554. 7636. 10552. 11107.
16661. 22215. 27769. 30455. 34711. 38182 . 41453. 45124.
55540. 62479. 69422.  72892. 83306. 104132. 118017. 124959.
138843. 159669. 173554. 190909. 208264 . 215207. 222149. 236033.
239504. 26727 1. 288099. 301983. 312397. 331223. 347137. 364463.
374876. 381818. 406116. 426942. 437355. 451240. 475537. 489421.
0. 40264.  68030. 87470. 98580. 113850. 124960. 1344~)0.
143010. 149950. 155500. 161060. 166610. 170080. 173550. 176610.
180500. 184660. 187440. 189800. 191600. 194380. 197160. 199240.
201320. 203000. 205490. 206880. 208960. 211040. 2 13820. 216320 .
217980. 219090. 222150. 223260. 226930. 225620.  227420. 229090.
230200. 23 1870. 232980. 233260. 234640. 235620. 236030. 237000.
238390. 239500. 240890. 242560. 242980. 244360. 245060. 246450.
247560. 248530. 248950. 249920. 25 1030. 251720. 282420. 253940.
254500. 255470. 256170. 256860. 25 7690. 258250. 258800. 260330.
261720. 262410. 2631 10. 263800. 264220.  264770. 266330. 267 130.
267550. 268380. 269360. 270470. 270740. 271160. 272130. 273240.
273520. 273800. 274350. 275190. 276020. 276300. 276580. 276990.
277270. 277550. 279070. 279630. 281160. 28 1850. 282 130. 281850.
282350. 282250. 283370. 283190. 284340. 285460. 286290. 287405.— 287960. 288520. 288793. 289070. 289950. 289630. 289900. 290 180.
290880. 251570. 292260. 292960. 293580. 293 790. 294210. 294490.
294900. 295320. 295740. 296200. 296570. 296 990. 297260. 297680.
298100. 298500. 298190. 298930. 299210. 299480. 299660. 299900.

-
~ 720~

683
1 

6113. 67900.
683. 6113. 67900.
683. 6113. 67900.
683. 6113. 67900.
683. 6113. 67900. -

683. 6113. 67900.
683. 6113. 67900. -

683. 6113. 67900.
683. 6113. 67900.
683. 6113. 61900.
683. 6113. 67900.
683. 6113. 67900.
681.5 5606. 59200.

• 680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.

t 678.48 45~~0. 43480.
673.81 2973. 26387.
671.09 2270. 19453.
670. 2025. 17000.
670. 2025. 17000.
670. 2025. 17000.
670. 2025. 17000.
670. 2025. 17000.
670. 2025. 17000.
670. 2025. 11000.
670. 2025. 17000.
670. 2025. 17000,
670. 2025. 17000.
670. 2025. 17000.
670. 2025. 17000.
670. 2025.  17000.
670. 2025. 17000 . -

670. - 2025. 11000.
• - 670. 2025. 17000.

673.81 2973. 26387.
676.6 3810. 33910.
680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.

• 680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800. -

680. 5175. 50800.
680. 5175. 50800.
680. 5175. 50800.
681.5 5606. 59200.

• k

/1
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B E S E R V OI B  O P f l k T XO E  P L I W (V E Z K L T  EL !VJ S 7 I O N S)  Z

683.00 683.00 683.00
683.00 683.00 683.00
683.00 683.00 683.00
683.00 683.00 683.00
681.50 680.00 680.00

• 680.00 680.00 680.00
678.48 673.81 671.09
670.00 670.00 670.00
610.00 670.00 670.00
670.00 670.00 670.00
670.00 670.00 670.00
670.00 670.00 670.00
670.00 673.81 676.60
680.00 • 680.00 680.00
680.00 680.00 680.0~680.00 6 80. 00 680.00

‘1 680.00 680.00 680.00
681.50

REsEPvOIR ~1FLOV TIEE SEEZE S *08333 1

(A C RE — PT .)  5

42307 . 14069. 9630. 6791 . 8759. 62*0. *990. £1437• 413*. 382*.
15737. 741*. 4661. 4185. 3174. 2797. 3888. 2955. 2688. 1993.
2043 . 1884. 1964. 2460. 28661. 53395. 29137. 911*0. 156535. 113613.

40622. 23683 . 25904 . 41871. 260*3. 30645. 52979. 45064 . 5*545. 31200.
14360. 9592. 3692*. 22869. 13591. 9489. 7083 . 6292. 529*. *725.
3505. 402 6.

SE DINE NT INFLOW TIM E SERIES EUN BE R I
(ION S)

5 43189. 19367. 12791. 8763. 4355. 1560. 47*9. 1170. 1189. 7110.
882. 2792. 972. 196. 102*7. 1228. 6371. 3402. 6669. 88370.
29*4. 4191. 3600. 15608. 23585. 93900. 25211. 49119. 83682. 133390. -

316*0. 9986. 11343. 40291. *663. 386. 30*372. 10853. 21852. 231*8.
81112. 209 895. 26513. 32 96 . 36043. 8678. 13672. 8500. 18825. 11*98.
2838. 681.

PIN ETAP OBAT ION TIM E SE RIES *08851 1
(II.)

0.975 0.904 0 .622 0 .812 0 .09* 0.58 1 0.803 0.409 0.351 0.221 0.158 0.630 -

0.712 0. 061 0.062 0.088 0 .069 0.096 0.083 0.226 0.20 5 0 .467 0.432 0. 138
0.518 0. 440 0.797 0.807 1.115 1.09 8 1.407 0.616 2.108 1.1*0 1.008 1.316
0.276 1.316 2 .026 2 .063 1.807 1.438 1.690 1.605 1.220 0.96 1 1.378 1.605

- 
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W E E K L Y  S T A N D A R D  D E Y T I T I O N S  0? W A T E R  I N ? L 0 W (&—P?)

1 2 24 6 . 5 0 0  8 82 0 . 0 0 0 6 3 7 2.0 0 0  525 11 . 5 98  56 8 9.5 9 8  7 7 3 3.0 98  1 1 259 .5 0 0  15968.699
2 1416.000 27061 .098 32330.398 36685.297 396 87.000  *1051.000 40682 .797 38691.797
3 5 37 9 . 2 9 7  31204.699 26730.898 22557.598 19250.797 11271e.eWe 16938.797 18360.297
21453.500 25941.699 31392.398 31270.297 43002.699 48046.898 51952.598 5*411.596
55287.797 54625.398 52633.898 ‘19652.797 46100.797 42416.698 39000.699 36160.698
34017.598 32784.199 32170.000 32003.898 31975.199 317*5.898 31006.000 29526.09$
27198.199 24059.398 20295.297 16221.398

XDS~ 11

*11 . 52

IRITIAL RESERVOIR CNA RA CT !RISTI CS

ELEY. AREA VOLUME

6 5 0 . 0 0  92.50 0.0
652.00 157.50 250.00
654 .00 262.50 630.00
656.00 392.50 1300.00
658.00 600.00 2200.00
660.00 875.00 3700.00
6 6 2 . 0 0  1 0 25 . 0 0  5700 .00
664.00 1075.00 7800 .00
666 .00  1300 .00  10000.00
668.00 1750.00 13000.00
670.00 2125.00 17000.00

• 672.00 2450.00 21500.00
614.00 2825 .00 27000.00
676.00 - 3500.00 33000.00

S - 678.00 11450.00 *1000.00
680.00 4750.00 50800.00
682.00 5550.00 60000.00
684.00 7000.00 73000.00
686.00 7750.00 88000.00
688.00 8175.00 10*000.00
690.00 9000.00 120700.00

- 
- 692.00 10425.00 140000.00

694 .00 12250.00 162400.00
696.00 13650.00 199000.00
698.00 14375.00 217000.00

-
~~ - 700.00 15500.00 ~ ‘165O0.00

702.00 17375.00 279000.00
- S 704.00 19525.00 316000.00

706.00 21000 .00 357100.00
708.00 2 172S. 00 400000.00
710.00 23000.00 4 *ICOO.00
712.00 24650.00 492000.00

• 
.

- 714 .00 25825 .00 582600.00
$ 716.00 27*00.00 595300.00

718.00 29175.00 6 !2200.00
5 5 

720.00 30625.00 712000.00

I
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COMPI JTE~ Ii fbi )EL OUT Pt IT

*e***”***IIISTOPYCAT. W A T E R  INFLOW D A T A  USED*8’**”*•

SED I ME N T CHARA CTE RI STICS

ASA L :

30.000 65.00 0 93.000 16.000 5.700 0.0
46.000 74.000 93.000 10. 700 2.700 0.0
ASSL :

32.402 66.105 89.466 15. 293 5 .642 0.719
47.922 74.526 90.602 10. 151 2.837 0.341

GGAMA 45.780 L5S./CFT

DEL TA ~ 0.0000250 ACRE—F T .

BElA ’ 0.030

SEDI M EN T INF LO W FRAC TI ORS S

CLAT~ 0.610 SILT. 0.380 SAND. 0.010

W E E K L Y  M E A N S  OF WAT E R I NF LOW (1 TT)
- - 

- 15847 .359 14167.777 12659.109 11343.3 16 10239.566 9363.94 5 8729.352 83*4. 824
8216.055 8345.051 8729.797 9364.727 102 140.469 1131111.430 12660. 11119 14169.340

15849.027 17675.109 19620.809 21657. 938 23756. 719 25886.598 28016.367 30115.1*8

f 
- 32152.156 34097.867 35923 .828 37603 .406 39112.078 1101427.867 41531.609 *2407.250

14304 1.9119 43 1426 .367 43555.137 4 34 26 .14 8  430 111.398 42406 .1469 41530. 727 ‘10826.758
39110.750 37601 .848 35922 .270 34096 .199 32150.379 30113.259 28014.1177 25884.590
2 3 75 4 .8 1 6  21656. 03 9 19619 .027 17 6 7 3. 32 8

- _
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i i
1.289 2.268 1.065 0.93*

R I S ERV O YR IPPL OW TI N ! SERIES P UMRE I 2
(ACRE—FT.)

6888. 337*. 3162. 8953. 88*2. 5615. 48*4. 5167. 21001. 184*6.
12873. 13745. 125*5. 10389. 9*31. 8876. 20985. 12813. 99372. 37*88.4 27769. 16879. 1390*. 11822. 12159. 9759. 7716. 7398. $350. 188*30.

169*28. 619*;. 80727. *6810. 72833. 1*7689. 64780. 65891. 6826*. 33982.
• 37610. 27094. 17950. 1*033. 230*8. 13226. 10899. 7359. 129*. 5601.

5730. 7466 .

S!DXRZMT II?LOW TIRE SEWERS WURRER 2
(TOW S)

5 8041. 431. 5110. 6912. 47*45. 6338. 878. 82. 19399. 17176.
1111. 25765. 605*. 136*. 71226. 500. 31*86. 86788. 96631. 11*005.
6528. 531. 103599. 1*030. 19301. 25309. 23399. 10285. *9091. 227202.
63011. 15123. 18991. 2319. 166326. 51213. 56062. . 27122. 118*02. 7973.
142973. 73906. 2137. 1397. *8049. 25727. 1*720. 42960. 2863. 2753.

4 3912. 3717.

PA R R YI P ORATI OW TIME SERIES JUNE31 2
(IN .)

0.790 0.956 0.725 0.977 1.007 0.369 0.532 C.349 0.402 0.263 0.032 0.209
0.057 0.128 0.072 0.157 0.008 0.582 0.062 0.098 0.16* 0.232 0.100 0.20*
0.5*6 0.869 0.854 0.991 1.062 1.085 1.325 1.384 1.237 1.512 1.451 1.51*
0.779 1.662 2.256 1.702 1.62* 1.632 1.575 1.476 1.170 1.506 1.817 1.303
1.2*6 1.057 0.912 0.811

RESERVOIR INFLO W TINE SERIES WORD!! 3
(ACRE—PT.)

*901. 3*53. *836. 16681. 860*. 6373. 5*39. 5262. 1*632. 8737.
7805. 6629. 5256. 4919. 44*3. 3312. 3669. 3590. 3422. 3600.
2321. 1795. 2053. 16*63. 69421. 46393. 103993. 956*3. 66*26. 6*998.
71762. 36238. 36099. 35127. 23127. . 11518. ¶517*. 13388. 11609. 31418.

t 21108. 13646. 9233. 987*. 7960. 11504. 151*0. 25825. 19805. 9867.
6421. *536.

SEDIM EN T INF LOW TINE SERIES NUNDRI 3
(TOWS) -

5 9669. 52118. 5689. 28639. *26. 102. 12475. 3219. 30183. 1329.
11366. 4984. 584. 227. 15528. *53. 179*2. 3529. 628*. 1213.
3652.  626. 59595.  123300. 63406. 23951. 88586 . 81643. 12239$. 536721.

- — 17962. 11880. 2309. 3843. 2135. 117231. 31882. 2181. 37830. 80734.
17366. 70716. 114318.  34311. 58153. 20672 . 8*68. 13328. 3680. 867.

- - * 121. 3006.

PA R EVAPORATION TI N! SER I E S NONE!! 3
(IN.)

0.41 3 0.892 0. 720 0.599 0.676 0.587 0.852 0.363 0.300 0.396 0.1*6 0.191

~i:~i~~~~~: L~
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0.251 0 .022 0.0;! 0.159 0.182 0 .098 0 .04 4  0.171 0.360 0.335 0.095 0.423
0.6.~~2 0.616 0.981 0 .987 1.862 1. 11* 8 1.37u 1.256 1.027 0.87 9 1.019 1.305
0.623 1.496 1.777 1.936 1.639 1. 879 1 .688 1.738 1.166 1.498 1.368 1.807
1.075 1 .111 1.470 1.111

P!S!’VCIR ‘N ?LO W TIN ! SERI ES NUN !!! 4
(ACRE-FT .)

*106. 20013. 9999. 7876. 32569. 21521. 23008. 16582. 31878. 3*651.
80939. 43279. 312*0. 2*496. 18089. 19438. 161163. 15(471. 12516. 10988.

90 84. 9759. 14 618. 18050. 1*4 261. 12040. 11782. 23008. 1028*3. 18*661.
1*5587. 98459. 6*403. 38420. 30109. 38737 . 39927 . 24377. 59246. 51312.

37329. 2045 0. 15332. 15620. 31716. 123967. 9786* . ‘10185. 2*119. 1S71~ .12803. 11086.

SEDI MENT INF LOW TINE SERIE S WORR ZR 4
(TOWS) 

-

384. 12084 . 22 182. 90068. 47123. 8267. 4094 . 3770. 22585. 382*.
10543. 9665. 2503. 361. 19400. 260. 21024 . 88798. 59096. 18333.
48855. 276. 20050 . 34893. 25398. 546. 698*4 . 52003. *4850. 2009*2.
29079. 12559. 32 1*67. $ 13 5. *45 21*5. 311. 869*3. 72106. 63768. 29076.
12105. 401211. 9065. 7062. 681180. 68306. 28722. 7514. 32*2 . 3*50.
37002. 47986.

Pu EVAPO RAT ION TIRE S E RI E S  80883? $
(IN .)

3.051 0.895 0. 809 0.869 0. 134 0 .209 0.155 0.020 0.321 0 .226 0.152 0.189
- - I 0.107 0.077 0.073 0.481 0.096 0.304 0.042 0.161 0.169 o. -i;o 0.327 0.563

0.335 0.54 5 0.899 o.~~e; 1.057 1.261 1. 988 0.965 1.35* 1. 4*2 2.081 1.400
0.502 1.770 1.784 1.136 1.395 0.986 1.493 1.571 1.86* 1.810 1.396 1.159
1.071 1.177 3.822 1.101

RESERVOIR INFLOW TINE SERIES NU M BER 5
- - (ACRE—FT.)

21180. 27035. 14291. 9904. 1152 6. 14608. ‘1425. 2466. 10310. 12083.
95*1. 8430. 7716. 724 0. 6470. 5943. 3455. 1*98. 1511. 3788.
11288. 4066. 4503. 37*49. 3372. 2579. 4304 . 6*07. 7676. 6208.

r I 26936. 53355. 566479. 1S11OI. 26539. 15619. 1156*4 . 12065. 23096. 39650.
33121$. 30605. 16939. 14390. 17153. 16711. 10155. 9318. 13785. 22453.

-

- 
31557. - 17976.

- 
- SEDI M ENT IN FLO W TINE SERIES JUMP ER 5

( TONS)

- - 
5 5954 . 25234 . 55145. 65393. 2 1*830. 6807. 6161 . 8902. 1008. 8320.

39912. 9879. 1868. 295. 15397. 305. 60552. 23083. 47022. 35725.
5- 377. 7 169. 16155. 6344 . 13990. 58501. 22025. 11095. 185823. 37917.

12187. 10308. 117628. ‘128 54. 7039. 394*79. 50*470. 7331. 34857. 28592.
58565. 106*0. 18266. 15139. 25335. 74997. 10513. 1721*. 5037. 1871.
8150. 2729.

PA R EV AP O RA TI ON TIME SERIES NUM B ER 5

~~~~~~~~~~~~~ 
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( IN.)

0.881 0.859 0. 1165 1.038 0.895 0.812 0. 1460 0. 1113 0.351 0.231 0.128 0.103
0.001 0.502 0. 1*0 0.222 0.069 0 .124  0.677 0.383 0.17! 0.337 0.4*0 ! 0.750
0.525 0.623 0.913 0. 962 1.126 1.065 1.261 1.284 1.401 1. 814 0. 766 1.595
0.711 1.639 1.885 1. 727 1.590 2 .196 1.483 1.561 1.507 1.496 1.365 1.450
0.955 1.197 1.015 1.129

P !S!RVOIR INF LOW TIM! SERIES NUM BE R 6
(ACRE—F ? .)

12371. 10691. 6311 . 5*31. 5611. 4707. *0*6. 3808. 331*. 2930.
2672 . 3025. 2779 . 2646. 2596. 2602. 3519. 289*. 2339. 1726.
1089. 1069. 1107. 1383. 1553. 2*66. 2479. 2727. 2856. 2783.
2825. 31*6. *477 . 3e 24 . 3215. 13024. 10919. 10858. 134!!. 18922.

23445. 19517. 14386. 101*51. 7154. 13623. 443220. 19989. 18515. 18982.
1*027. 7103.

SEDIMEN T INFLOW TI M ! SERIES NUMBE R 6
( TONS)

19949. 12218. 3539. 1948 . 2327. 18408. 213. 2911. 1721. 13287.
5096. 5817. 3066. 200. 18881. 420. 13767. 196616. 109573. 13339.

10830. 293. 5521. 6611. 63855. *3486. 388932. 54360. 19776. 23*6*.
298 73. 20078. 12984. 146801 . 53936. 22535. 42299. 59735. 21758. 122 16.

518. 109535. 5818. 9038. 10472. 104000. 19309 . 5618. 8692. 1297.
933. 11068. -

P A N  EV A PORATION TIME SERIES N U M BER 6 -
(IN.)

0.366 0.879 0.683 0.773 0.646 0.568 0.467 0.512 0.53* 0.308 0.203 0.09*
1.10 1 0.046 0.197 0.503 0.210 0.14* 0.058 0.018 0.159 0 .28 4 * 0.320 0.400
0.817 0.608 2 .471 0.940 1.229 0.949 1.788 1.801 1.558 2.050 1.530 0.86!
0.812 1.275 1.331 1.780 1.409 1.700 1.637 1.4*0* 1.69! 1.03 1 1.291 1.523

- - 1.247 1. 160  1.105 0.939

RESERVOIR INFLOW TIN! SERIE S NUMB!! 7 -

( A C R E — F T . )

9933. 6166. 426 1. 3902 . 6573. 8218. 110*2. 13916. 8638. 579*.
*770. 4257. 3906. 3909 . 3531. 3477. 2489. 2*69. 2390. 3*51.
2321 . 2103. 10076 . 8582. 3055. 26281. 3253. 4*3339. 25983. 26579.

5 85025. 55934. 46017 . 39669 . 73983. 219173. 20*099. 108297. 8308!. 37626.
23683. 16542. 23445. 57699. 6194*4. 31418.  19081 . 18637. 22552. *8159.
21501. 11701.

SEDIMEN T INFLO W TIN! SERIES NUMBER 7
(TOWS)

50242. 3597. 34026. 21385. 78968. 1005. 36081. 2*83. *955. 19308.
3402 *. 2773. 1165. 249 . 17790. 1619. 3325. 203338. 73372. 10*9*.
10268. 29 42 .  3ic89.  19472. 28176. 1406. 136130 .  32370.  *09*1. 6*391.
62031.  8*4 1 . 206 1*5. 106330.  37905. 16835 4 . 122313.  08363 .  6670;. 42321.

- 
S 

5960. 267716. 10867. 2705; . .39987.  19*16. 10285.  6611. 16012 .  9720.
14213. 6069.

-1• 
- 

* 

-

1 1 5  
_ __ _ _

-

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _  5- 5-—- -
I~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - S 

- 
_ —

~~i- - ~ - —:5- 

- 

- .---.~ - -- - .. C -
- - • ‘  S ~~~~~~~~~~~ 

- — - 5 - I S
— —~ -5~ -.——-- 5- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~ --5 ~~~~~~~~~~~~~~~~~~~ ~~~~~~ 5~~~S~~.&•* —* _~~±~~ ~~.I. — — —



P A N  E V A P OR AT I ON TI M E SER IES W O MB ! ! 7
— (IN.)

0.6116 1.059 0.706 0.668 0.671 0.560 0.4 6 8 0.215 0.295 0 .225 0.116 0.062
0 . 0 3 2  0 .06 0  0.029 0.036  0 . 3 95  0. 165 0 .3 0 3  0 . 1 3 3  0.096 0 . 2 1 1  0 .074  0.328
0.673 0.613 0.796 0.939 1.190 1.35* 1.443 1.518 1.390 1.508 1. 448 9 0.902
0.695 1.614 4 2.019 1.712 1.2CR 1.65 0 1.29C 0.84 8 1.486 1.517 1.329 1.275
1.286 0.814 1.19* 1.235

S R ESE RVO IR IN FLOW TIRE SERIES N U MB ER 8
(ACRE—FT. )

1547. 60*42. 4586. 4899. 15277. 19537. 40381*.  72139. 107960. 1023*7.
67931*. 33699. 37726. 26995 . 21937. 28721. 23008. 20112. 19100. 234*5.
27921. 28860. 32589. 28463. 21223. 13250. 8826. 3320 3. 37488. 18982.

S 1509*4 . 16101 . 16*463 . 3984 8. 42545. 36833. 30565. 27332. 2*4436. 22750.
2 1*952 . 60555. 58909. 52721. 33911. 112483. 100006. 38380. 31636. 20271.
15741. 16685. -

SED IM EN T INFLOW TIME SERIES N U M BER 0
(TOWS)

15568. 10439. 3737. 5323. 7411. 5964. 11396. 17213. 20276. 12179.
4 20187. 274 1. 3229 . 521. 21734. 643. 9881. 27268. 18276. 33510.

35351. 2953. 28163. 66566 . 71141. 32024 . 49623. 12516. 279985. 501963.
5562. 10539. 9838. 169. 25063. 33809. 29728. 531 59. 136896. 15*08.
3534. 156504. 27161. 11 3555. 47197. 103527 . 21084. 6605. 616*8. 11129.

21251. 25383.

$ PA R EVAPORATION TIME SERIES NUMBER 8
(ZN.)  -

0.854 0.123 0.578 0.802 0.316 0.534 1.038 0.212 0.287 0.236 0.072 0.126
0.072 0.077 0.039 0.08 1* 0.1129 0 .075 0.110 0.121 0.223 0. 199 0.102 0.22*
0.566 0.207 0.108 0.317 1.583 0.993 1.383 1.168 1.344 1.537 1.510 0.559
0.790 1.725 1.522 1.557 1.526 1.687 1.888 1.919 1.425 1. 896 1.156 1.299
1.239 1.618 1.374 1.063

RE SERVOIR INFLOW TIM ! SERIES WOMB !! 9
(ACR E—PT.)

12799. - 46110. 69148. 8604. 6585. 4801. 3691. 3203. 2731. 2668.
2596. 3310.  2 46 8.  3180. 2 *4 14 .  1989. 2438.  22 91.  2091. 14*06.
1258. 91 44. 5286 .  3556.  8721. 3352. 2692. 2984 . 4721.  14860.

- - - 9898. 123*4 . 7392. 7686 . 7 1474. 6028. 4*901. 5649. *134. 3428.
15092. 70889. 71162. 3354 1. 25269. 13656. 9197. 1025. 7813. 12538.
6567. 5330.

SED I MEN T INFLOW TIME SERIES NUMBER 9
(TONS)

1569. 18080. 788. 115722. 85578. 22552. 735. 13773. 6108. 755.
• 5 - 39302. 344 11. 2133. 75. 66003. 304 . 7848. 23915. 6781. 6103.

• 1058. 228. 25112. 9097. 11531. 162432 . 61099. 251119. 71130. 329316.

1L11 
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37977. 6891. 11130. 19902. 207462. 79268. 20054*. 1323. 18503. 7307.
130851. 23840. 19164. 85996. 75580. 19755. 16968. 5900. 5464. 1786.

27625. 874.

PAW EVAPORATION TIM ! SERIES N U M B E D  9
(IN.)

0.779 0.659 0.725 0.792 0 .530 0.560 0.461 0.431 0.2 *4 1 0.179 0.169 0.297
0.053 0.075 0.007 0.111 0.82 8 0.109 0.070 0.159 0.182 0 .24 *8 0.280 0.861
0.523 1.051 0.633 0.812 0.473 1.216 1.369 1.243 1.328 1.483 2 .267 1.418
0.791 1.916 1.977 1.30 5 1.87$ 1.659 1.688 0.9*1 0.933 1.819 1.728 1.372
1.022 0. 935 1.454 1.202

RESERVOIR IN FLO W TINE SERIES NONE!! 10
(ACRE—FT.)

8116. 3299. 3126. 3*26. 27*3. 2338. 2737. 2654 . 2763. 5381.
887 9. 3697 . 3608. 2731. 3281. 2779. 2955. 2337. 2257. 1500.
11*02. *651. 7180 . 4387. 3009. 2249. 1954. 3723. 75*7. 5127.
4487. 10675. ‘734. 8206. 19934. 16959. 9591$ . 7281. 6258. 5659.
4671. 8764 . 4955. 9$122 . 20112. 9297. 11179. 32033. 14805. 28799.

11256. 6885.

SEDIMENT INFLOW TIME SERIES N U M B E R  10
(TOWS)

927. 2510. 133. 17318. 8853. 55771. 5300. 3891. 7978. 972.
6310. 65. 11672. 600. 20553. 340. 17979. 25930. 55845. 23790.
1346. 2007. 2684 4. 2681. 11166. 209029. 35645. 116077. 8351. 696567.
4*8081. 87937. 88582. 173922. 7897. 8178*. 143914. 55301. 7706. 25465.
38797. 91875. 200180 . 5260. 30122. 158444. 5626. 9234 . 43868. 8381.
36891. 1887;.

PAW EVAPORArION TIM! SERIES WORD!! 10
(IN.)

- 1.003 0.185 0.72 3 0.200 0.722 0.581 0.923 0.404 0.429 0.890 0.131 0.170
0.394 0.057 0.087 0.954 0.078 0.088 0.095 0.584 0.797 0.05 1 0.942 0.888
0.560 0.330 0.853 1.415 0.806 1.736 1.833 1.252 1.351 1.1417 3.134 1.459

S 3 0.672 1.929 2. 448 0.931 1.627 1.83 7 1.618 1.673 1.055 1.517 0.154 1.415
- . •  1.298 1.639 1.237 3.409

...... *...*.s.sass....**ss s*.s*s.s*s;....;$*.s 1*s

‘ I  RIR .A VPOO!. AR E IN  FT.
OUT?L, 5?SVOL ARE IN A CRE—FT .
ACQS . IV? A P E IN  TOWS

9! • 27.4 *VPOOL • 677 .4 OUTEL. 0.0 ACQ5* 1540679.0
- - 

p !5VOj — 2215103.0 !VT~ 1842793.0

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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!L !V A?E O N—VOLUN! — AREA REL AT ION AFTER 1 TE AR S OF SEDIR !NTAflOP

ELEVATION SED I MENT VOLUN! S(ACU— ?T) VOLUME AREA
(FT , MSL) (AFT) (ACRE S)

650. 0.0 0.0
78.85

650. 8 4 ( Z E P O  ELEVATION) 0.0 p2.76
652. 175.15 131.19

68.86
658. 886.69 223.08

69.37
656. 1067.32 388.03

108.50
- 658. 1862.82 54*4.98

115. 7*
660. 3287.06 815.10

123.86
662. 5123.22 961.13

129.21
668. 7098.01 1009.73

131.87
666. 9162.14 1231.09

131.76
666. 12030.39 1664.92

121.57
670. 15901.81 2062.85

121.65
672. 20280.17 284*2.20

109. Si
678. 25670.60 2625.53

4 I 88.32
676. 31582.28 3*66.59

37.32
676. 39588.96 4880.67

0.0
680. ‘19344.96 8750.00

0.0
682. 58588 .96 5589.99

-~~ - 0.0
- 

- - 684. 71588 .98 6999.99
- t  — 5 0.0

686. 86584.98 7750.00
0.0

688. 102 5*8 .98 8175.00
1* 

0.0
690. 1192*8 .98 ~000.000.0
692. 138588 .98 10825.00

0.0
698. 180ft8 .~~8 12250.00

0.0
696. 1873*8 .94 13630.00

0.0
698. 2155*8.98 18375.00

0.0
700. 285048.9 ; 14400.00

_ _ _ _ _ _ _ _  

_ _ _  
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0.0
702. 277588.94 17375.00

0.0
108. 318584 .98 19525.00

0.0
706. 3536$4*.9* 21000.00

0.0
708. 398584.98 21725.00

• 0.0
710. *42588.98 23000.00

0.0
712. 8905*4.98 2*650.00

0.0
118. 581144.98 2S$2S.00

0.0
716. 593848.94 274*00.00

0.0
716. 650784.94 29113.00

0.0
720. 710544.9* 30625.00

...*...*..... *..**..*..********a***** ~~**** ************ S$*SS** S*****S*****S*S*S******S*****S*~~I***.

!II ,AVPOOL ARE IN FT.
S OOT PL .R!SV OL ABE IN ACRE—P T. -

~
I CQS, UT ARE II TONS

PS

- 
MR • 27. 14 AVPOO L • 677.8 OUTFL~ 0.0 ACOS. 1977213.0

- P!SVOL. 2196092.0 !VT 1821806.0

- 
!LEVATIOW —V OLUR! -ARZA RELATION AFTER 2 TEARS 0? SEDIMENTATION

EL! lITtON SEDI MEN T VOLUN!S(ACRE—?T) VOLUME IDE A

* 
, (?T~ NSt) (AP T ) (ACRES)

- - -• - 650. 0.0 0.0
69.10 79.57

650.95 (ZER O ELEVATIO N) 0.0 89.85
652. 101.32 108.05

63.21 79.73
658. 338.36 178.96

82.51 108.68
656. 617.17 268.27

96.88 121.23
• 658. 1491.46  880.74

106.86 188 .89
660. 2780.11 748 .67

j
II

.
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— 
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114.36 155.63
682. *470. 13 866.89

119.29 163.16
668. 6287 .68 932.13

121.75 167.27
666. 8198 .66  1158.02

127 .03 167.89
666. 10903.18 1603. 83 —

126.67 164.70
670. 18612.37 1982.95

119.85 156.98
672. 18635.55 2368.01

101.94 143.19
678. 2 1*084. 81 2760.62

87.01 119.38
676. 29878.02 34*26.10

31.07 52.12
678. 37189.83 8827.70

0.0 0.0
660. 87586.83 4750.00

-I 0.0 0.0
682. 56788.83 5550.00

0.0 0.0
684. 69788.81 7000.00

0.0 0.0
666. 84788.8 1 7750.00

0.0 0.0
688. 100788.81 8175.00

- 
- 0.0 0.0

690. 117488.81 9000.00
0.0 0.0

692. 136768.81 10825.00
0.0 0.0

694. 159188.81  12250.00
0.0 0.0

696. 185788.81 13650.00
0.0 0.0

698. 213788 .81  14375.00
-~~ 0.0 0.0

S 700. 243288.81 15500.00
0.0 0.0

702. 275788.81 17375.00
0.0 0.0

704. 312788 .81  19525.00
0.0 0.0

706. 353886.81 21000.00
0.0 0.0

706. 396788.81 2172S.00
0.0 0.0

710. 840768.81 23000.00
0.0 0.0

712. *488788.81 24650.00
0.0 0.0

iii. 539368.8’ 2582 5.00
0.0 0.0

5 716. 592088.81 27800.00
- S 0.0 0.0

718. 648988.8 1 29175.00
0.0 0.0

720. 708766.81 30625.00

— -~~~~~~~ 
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*.*....SeSS**•**SSSS *~~SSS~~**S~~S**S6*SS~~S*S**** **W$ ***•S•SSS***•*• S*SW*********$*S***********1**I

!N. &VPOOL AR! ZN FT.
OB TFL, RE SV OL AR ! II ACRE—fl.
ACQS. EVT APE II TONS

N! • 26.2 IVPOOL • 677.1 OGTFL• 0.0 ACQS• 1962547 .0

- 
P!SVOL• 2011639.0 UT . 1868126.0

!L !VlTtO$-VOLIIN!—hREI RELATION AFT !! 3 TEARS OP S!DXNEWTITION

ELEVATION SEDIMENT VOLUR !S(ACIE—PT) VOLU M E AREA
(F? ,NSI.) (APT) (ACRES)

650. 0.0 0.0
63.01 73.87 66.80

651.83(ZERO ELEVATION) 0.0 60.30
652. 46. 12 82.37

57.68 73.63 75.71
658. 219.75 139.21

• 75.28 100.38 110. 62
656. 603.55 235.53

87.97 119.31 134.81
- 659. 1161 .65  418.91

97.88 133.40 151.80
660. 2279.20 616.27

104 .28 143.69 168.33
- 662. 3866.91 813.90

108.78 150.68 172.67
668. 5534.82 856.35

1 111.02 154.43 177.05
666. - 7292.32 1018.57

121.82 160.03 177.36
4* 668. 9833.11 1520.25 .

121.35 162.28 173.18
S . - 670. 13373.32 1901.01

116.69 155.93 163.53
672. 17437.17 2 292.38

t 105.10 182.23 186.21
618. 22543.63 2697.18

S 
- 81.72 118.59 118.83

676. 28225.90 3386.73
36.63 51.91 *6.91S 

614. 36090.58 8416.16
0.0 0.0 0.0

660. 45890.5 8 8750.00
0.0 0.0 0.0

• 
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682. 55090.58 5589.99
0.0 0.0 0.0

684. 68090.50 6999.99
0.0 0.0 0.0

686. 63090.50 7750.00
0.0 0. 0 0.0

688. 99090.50 6175.00
0.0 0.0 0.0

690. 11S7~0.5O 9000.00
0.0 0.0 0.0

692. 135090.50 10825.00
0.0 0.0 0.0

698. 157490.50 12250.00
0.0 0.0 0.0

4 696. 184090.50 13650.00
0.0 0.0 0.0

698. 212090.50 18315.00
0.0 0.0 0.0

700. 2*1590.50 15500.00
5 0.0 0.0 0.0

702. 274090.50 17375.00
0.0 0.0 0.0

708. 311090.50 19525.00
0.0 0.0 0.0

106. 352190.50 21000.00
0.0 0.0 0.0

106. 395090.50 21725.00
0.0 0.0 0.0

110. 839090.50 23000.00
0.0 0.0 0.0

712. 487090.50 24650.00
0.0 0.0 0.0

71*. 537690.50 25825.00
0.0 0.0 0.0

716. 590390.50 27*00.00
0.0 0.0 0.0

718. 687290.50 29175.00
0.0 0.0 0.0

7 20. 707090.50 30625.00

~8 -~~~~
~- - RB, IVP OO L IRE IN FT.

- -  S OUTFL .!!SVOL AR! IN ACRE— fl .
ICO S . EVT A R E  II TONS

Nil • 26.2 AVPOOL • 677.7 O0?FL. 3062.3 - &CQS. 2001287.0
P!SVOL. 2005965.0 EVE’ 1609772.0

~~~ lDlI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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!LEVATION— VOLUN!—A PE I PELATION AFTER 8 TEAR S 0? SEDIMENTATION

ELEVATION SEDIMENT V O L U M E S ( A C P E — F T )  VOLUME A R E A
(PT , NSL) (APT ) (ACRES)

650. 0.0 0.0
62.71 70.88 65.72 50.70

652. 0.0 0.0
51.32 63.26 65.85 64.76

652.00 (ZERO ELEVATION) 0.0 25.28
858. 138.6 1 109.73

11.11 91.49 1 0 2 . 1 3  10 1.20
S 656. 438.87 190.81

83.15 108.80 124.10 126.36
658. 896.45 364 .75

92.09 121.64 140.15 188.66
660. 1891.88 613.5*

98.55 131.02 151.72 157.98
662. 3358.60 7*6.51

— 102.81 137.36 159.42 167.10
— 668. 4891.91 787.95

— 101.92 180.82 163.46 17 2 .32
- 666. 6510 .39  1001 .35

118.74 151.51 1 6 9 . 1 9  173 .68
668. 8897.31 1840.66

122.87 159.29 110.62 170.72
610. 12273.82 1620.86

113.20 15 8.63 162 .88  162.79
672. 16180.76 2217.65

101.96 141.05 145.23 148.11
61*. 21188.8 1 2632.08

82.18 117.60 113.67 122.04
676. 26708.92 33*4.36

36.1* 51.66 46.62 52.64
678. 34521.86 8803.23

0.0 0.0 0.0 0.0
660. 414 321. 86 87 50.00

0.0 0.0 0.0 0.0
4 

5 682. 53521.86 5589.99
- -  0.0 0.0 0.0 0.0

- - -h 688. 6~ 21.81 6999.99

~
a_ I - 0.0 0.0 0.0 0.0

- - I 686. 81521.81 7750.00
0.0 0.0 0.0 0.0

688. 97521.81 8175.00
— 0.0 0.0 0.0 0.0
- 690. 114 221 .81 9000.00

- 
- 

- 0.0 0.0 0.0 0.0
692. 133521.81 10825.00

0.0 0.0 0.0 0.0
69 8. 1 5 5 9 2 1 . 8 1  12250.00

0.0 0.0 0 .0 0.0
696. 182521.81 13650.00

0.0 0.0 0.0 0.0
- 698. - 210521.81 14375.00

0.0 0.0 0.0 0.0
5 700. 240021.81 15500.00

0.0 0.0 0.0 0.0
702. 212521.81 17375.00

1 
____________________ 

___________________ 
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~ I

0.0 0.0 0.0 0.0
708. 309521 .81 19523.00

0.0 0.0 0.0 0.0
706. 350621 .61 21000.00

0.0 0.0 0.0 0.0
706. 393521.8 1 21725.00

0.0 0.0 0.0 0.0
710. 837521.81 23000.00

0.0 0.0 0.0 0.0
712. - 885521.81 24650.00

0.0 0.0 0.0 0.0
71*. 536121.61 25825.00

0.0 0.0 0.0 0.0
716. 588821.81 27800.00

0.0 0.0 0.0 0.0
118. 645721.81 29175.00

0.0 0.0 0.0 0.0
72 0. 705521.81 30625.00

•S****•S**S*****S*** S

RM . JVPOO L AR E IN FT.
O0?FL,P!SVOL APE IN ACRE—FT.
ACQS. UT ARE IN TONS

HR • 26.8 AVPO OL • 678.9 OU??L~ 9978.0 ACQS~ 1306990.0
- 
- 

RESYOL. 2310099.0 EVT 11e682s.o

ELEVATI ON—VOLUM! AREA RELATION AFTER 5 TEARS OP S!DIMENTITXON

ElEVATION S!DIREI$ T V OLUHB S(I CRE PT) VOLUME AREA
- : (FT,RSL) (AFT) (A CRES)

650. 0.0 0.0
‘S 62.99 70.33 63.28 50.15 3.28

6!2. 0.0 0.0
46.58 56.4* 56.69 56.45 58.75

6 5 2 . 6 3  (ZERO ELE VATION) 0.0 37.26
654. 109.13 102.87

68.31 86.47 93.13 93.84 51.55
656. 380.22  170.87

79.81 102.92 113.16 116.69 75.06
658. 792.60 339.97

88.41 114.91 121.80 133.58 81.70
660. 1780.09 586.9*

98 .67 123 .83  138.35 1*5.86 97.02
662. 31 40.36 717.10

____ — 

—
~~~ 

______ -. .• ~ ~~~~~~~~~~~~~~~~~~~~~~~~
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5 664. 
98.76 129.82 185.37 158.27 103.66

666. 
100.79 133.09 149.05 159.10 101.90 

1*608.88 154.55

668. 
116.61 186.56 160.33 163.51 109.81 

6158.55 p63.31

I 670. 
121.78 157 .39 167.49 168.20 109. 29 

8 861 .13  1398.76

672. 
109. 88 153 . 79 1 6 1 . 0 9  1 6 1 . 7 0  1 0 6 . 0 2  

1 1 7 3 7. 5 1  1770.95

678. 
98.57 140.28 144.02 147.12 99.31 

15545.58 2169.66

676. 
79.46 116.96 112.72 121.23 81.63 

20816.23 2588.17

678. 
35 .61 51.49 86.38 52.40 65.74 

25898.23 3307.60

680. 
0.0 0.0 0.0 0.0 13.20 

33686.6 1 4383.79

682. 
0.0 0.0 0.0 0.0 0.0 

43433.81 6743.60

• 684. 
0.0 0.0 0.0 0.0 0.0 

52621.02 5586.89

686. 
0.0 0.0 0.0 0.0 0.0 

65621.00 6999.99

688. 
0.0 0.0 0.0 0.0 0.0 

80621.00 7750.00

690. 
0.0 0.0 0.0 0.0 0.0 

96621.00 8173.00

692. 
0.0 0.0 0.0 0.0 0.0 

113321.00 9000.00

698. 
0.0 0.0 0.0 0.0 0.0 

132621.00  10425.00

696. 
0.0 0.0 0.0 0.0 0.0 

15C021.0O 12250.00

698. 
0.0 0.0 0.0 0.0 0.0 

181621.00 13630.00

700. 
0.0 0.0 0.0 0.0 0.0 

209621.00 1*375.00

702. 
0.0 0.0 0.0 0.0 0.0 

239121.00 15500.00

704. 
0.0 0.0 0.0 0.0 0.0 

271621.00 11375.00

706. 
0.0 0.0 0 .0  0.0 0.0 

3 0 8 6 2 1. 0 0  19525.00

F 
~.o 0.0 0.0 0.0 0.0 

349721.00 21000.00

710. 
0.0 0.0 0.0 0.0 0.0 

392621.00 21725.00

712. 
0.0 0.0 0.0 0.0 0.0 

436621.00 23000.00

11*. 
0.0 0.0 00 

484621 .00 28650.00

716. 
0.0 0.0 0.0 0.0 0.0 

535221.00 25825.00

S 
718. 

0.0 0.0 0.0 0.0 0.0 
587921.00 27400.00

• 720. 
0.0 0.0 0.0 0.0 0.0 

684821.00 29175.00

70*621 .00 30623.00

I 
-

• 

• 
- 

-
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es .4Ø4, .Ø.Ø. ,$s*se$~~,.,ssS4*.4*. , ,eSSS*~~.*$.4 s,4*,ss, .SSsS4.**. .sS, ,s4. , , . ,$. , . , ,$4, ,*.**,4.*.

9H . AVPO OL AR ! IN FT.
OIJ’FL•R!SVOL AR ! IN ACRE—PT.
ACQS . EVT AR E IN  TONS

NH • 24.5 AV PO OL • 677. 1 OOTPL— 0.0 ACQS~ 1768579.0
P!SVOL. 1828201.0 EVT. 1744532.0

!LZVA?I O ?I—VO LUM E—ARE A RELATION AFTER 6 TEARS OP SEDIMENTATION

ELEVA TI ON SEDIMENT VOLUMES(ACRE— P?) VOLUME AREA
(FT ,NSL) (AFT) (ACRES) - -

•

650. 0.0 0.0
62.86 69.70 61.93 *7.76 7.75 0.0

652. 0.0 0.0
43.38 52.06 51.86 *9.88 48.55 66.98

653.10(Z!RO ELEVATION) 0.0 67.07
658. 68.16 81.76

66.23 83.07 88.02 85.20 53.14 85.35
5 656. 271.15 132.67

- 71.48 98.78 106.~~% 106.80 69.32 118.62
• 658. 599.65 290.31

- !- 85.77 110.84 120.18 121.60 80.91 141.48
660. 1438.40 529.21

- 91.79 118.95 13!~ 74 133.00 89.57 157.82
662. 2716.51 653.11

95.75 128.71 131.39 1*0.67 95.70 169.03 -
664. 8053.25 687.50

97.72 127.95 180.67 185.07 99.62 175.62
666. 5466.50 892.06

118.98 143.16 135.16 152.66 101.39 177.65
668. 7621. 89 1316.71

120.93 156.00 165.50 165 .11 105.86 178 .76
610. 10733.32 1690.32

105.50 153.17 160.21 160.36 105. 31 166.01
672. 18382.71 2096.86

95.02 ¶ 3 9 .71  1 83. 28 185.90 96.65 149.16

• 674. 19111.09 2528.68
76.59 116.48 112.11 120.22 87.08 117 .30

676. 28*81.34 3268.0 2
35.05 51.36 46. 23 52. 10 65.30 48.13

676. 32163.16 *373.77
0.0 0.0 0.0 0.0 6. 71 0.0 -~ -

680. *1976.41 8746.72
0.0 0.0 0.0 0.0 0.0 0.0

602. 51170.06 558 0.81

• 

0.0 0.0 0.0 0.0 0.0 0.0

~~~~~~~~~~~~~ 
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688. 64170.06 6999.98
0.0 0.0 0.0 0.0 0.0 0.0

686. 79170.00 7189.98
0.0 0.0 0.0 0.0 0.0 0.0

688. 95170.00 6115.00
0.0 0.0 0.0 0.0 0.0 0.0

690. 111870.00 000.00
0.0 0.0 0.0 0.0 0.0 0.0

692. 131170.00 10825.00
0.0 0.0 0.0 0.0 0.0 0.0

698. 153570.00 12250.00
0.0 0.0 0.0 0.0 0.0 0.0

696. 180170.00 13650.00
0.0 0.0 0.0 0.0 0.0 0.0

698. 208(70.00 1*315.00
0.0 0.0 0.0 0.0 0.0 0.0

700. 237670.00 15500.00
0.0 0.0 0.0 0.0 0.0 0.0 -

702. 270170.00 17375.00
0.0 0.0 0.0 0.0 0.0 0.0

708. 307170.00 19525.00
0.0 0.0 0.0 0.0 0.0 0.0

106. 348270.00 21000.00
0.0 0.0 0.0 0.0 0.0 0.0

700. 391110.00 21725.00
0.0 0.0 0.0 0.0 0.0 0.0

110. 435170.00 23000.00
0.0 0.0 0.0 0.0 0.0 0.0

712. 483170.00 24630.00
- .5 0.0 0.0 0.0 0.0 0.0 0.0

718. 533770.00 25625.00
0.0 0.0 0.0 0.0 0.0 0.0

716. 586470.00 27800.00
0.0 0.0 0.0 0.0 0.0 0.0

718. 643370.00 29175.00
0.0 0.0 0.0 0.0 0.0 0.0

720. 703170.00 30625.00

1 - -

RH .AVP OO L AR! TN FL’.
- • OUTPL,P!SVOL APE I! ACRE—PT.

&CQS. !V! ARE IN TOPS

¶ HR • 24 .8  AVPOOL • 677 .9 OUTFL~ 3706.1 ACQS~ 2125236.0
• R E SVOL~ 18889 17.0 UT— 1969559.0

- 5- -
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!L!VITZON VOLUMZ—Al!A RELATION IPT!1 7 TEARS OF SEDIMENTATION

ELEVATION SED I ME N T V OLU N!S(ACR !- PT) VOLRM! AREA
(PT ,M SL) (APT) (ACRES)

650. 0.0 0.0
62.82 68.91 60.19 *6.38 11. 88 0.02
0.0

652. 0.0 0.0
*1.15 89.16 88.13 45.89 83.10 60.21
60.63

- S 653.52 (ZERO ELEVATION) 0.0 65.02
658. 32.13 67.96

64.59 60.58 88.55 80.53 86.45 78.80
88 .43

656. 180.23 93.5*
75.52 95.77 102.74 100.56 63.21 109.52

126.62$ 658. 804.30 236.26
83.65 107.07 116.03 115.12 73.83 130.62

154.69
660. 1125.29 865.16

89.52 115.33 121.61 125.70 81.67 185.71
174.82

662. 2266.93 562.5*
93 39 120.91 131.96 132.95 81.27 156.06

188.98
664. 3855.85 611.51

95.30 123.95 135.33 137.11 90.88 162.18
197.82

666. 4712.96 619.37
113.69 180.60 151.63 146.83 92.45 165.53

• 201.66
666. 6700.92 1227.76

* 120.23 151.91 168.04 163.15 102.22 172.16
- - 1 200.20

670. 9623.99 1596.98
101.83 152.67 159.56 159.81 104.83 168.91
192.65

6 72. - 13081.85 2005.83
91.36 139.26 182. 66 1*9.11 97.63 188.17

177.15
67*. 176*7.32 2486.86

73.68 111.11 111.66 119.56 66.32 116.51
146.65

4* ~76. 22678.67 3216.41
38.89 51.26 86.11 51.91 68.76 87.91
65.30

676. 30512.95 8358.70
• 0.0 0.0 0.0 0.0 3.86 0.0

0.0
• - 680. - 8030~ .S0 87*8.32

0.0 0.0 0.0 0.0 0.0 0.0
0.0

682. 89506.25 5589.19
0.0 0.0 0.0 0.0 0.0 0.0

* — 0.0
688. 62506.25 7000.00
- 0.0 0.0 0.0 0.0 0.0 0.0

0.0
686. 77506.25 7750.00

rrn - - *

S - f 
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0.0 0.0 0.0 0.0 0.0 0.0
0.0

688. 93506.25 8175.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

690. 110206.25 9000.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

692. - 129306.25 10425.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

694. 151906.25 12250.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

696. 178506.25 13650.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

698. 206 506.25 18375.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

700. 236006.25 15500.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

702. 268506.25 17375.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

704. 305506.25 19523.00
0.0 0.0 0.0 - 0.0 0.0 0.0
0.0

706. 386606.23 21000.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

108. 389506.25 21725.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

710. 833506.25 23000.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

712. 481506.25 2*650.00
0.0 0.0 0.0 0.0 0.0 0.0

5 $  0.0
718. 532106.25 25825.00

0.0 0.0 0.0 0.0 0.0 0.0
-
~~~ 

-
~~ 0.0

716. 561*806.25 27800.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0

716. 681706.25 29113.00
0.0 0.0 0.0 0.0 0.0 0.0

* - 
0.0

— 
720. 701506.25 30625.00

•s*~. ..,..,.,.s... *S ...*s.ø*$eø, .*..*...**Sa,* ..*S*.....S•..S.....*.*.*..... *......... ....***.
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I L

ARE IN PT.
OUTFL. PE SVOL AR! IN ACRE—F ? .
ACQS, TV? APE IN TONS

MI! • 23.6 AVPOOL • 677.2 OOTFL— 8685.3 AC2S— 2256316.0
RESVOL. 1681 191.0 EVE’ 2067777.0

ELEVAT ION—V OLUME—AREA RELATION AFTER 8 TEARS OP S!DIftN?A?!0P

ELE VATION SEDIMENT VO LU 1IE S(AC !!— ?T) VOLUME AREA
(PT. NSL) (APT ) (ACRES)

650. 0.0 0.0
62.96 69.23 60.72 45.89 11.18 0.02

• 0.0 0.0
652. 0.0 0.0

41.10 49.20 48.31 45.59 82.72 57.57
59.16 36.35

- - - 654. 0.0 0.0 - 1
60.61 75.26 18.55 18.12 83.88 68.86
74.70 96.86 1 

- :
658.27(ZERO ELEVATION) 

5 
0.0 52.95

656. 97.16 51.37
73.95 93.40 99.61 96.60 59.14 99.97
116.90 133.76

656. 223.33 171.87
81.91 108.42 112.89 110.58 69.78 119.11
182.82 167.19

660. 815.03 396.71
87.66 112.87 121.78 120.75 77.19 132.81

161.40 190.71
662. 1810.19 505.99

91.48 117.92 127.96 121.72 82.88 142.30
178.88 206.95 5

• 664. 2838.99 529.61
5 5 93.32 120.89 131.20 131.71 85.85 147.851 182.64 216.88

666. 3928.69 725.11
112.62 138.57 1*8.97 142.17 87.38 152.61
186.18 220.75

I~~ 668. . 5739.81 1132.21
119.68 158.02 162.89 161.71 100.19 169.02
196.29 218.17

670. 8*57.89 1495.97
- 97.30 152.26 159.05 158.68 103.86 163.53

• 
- 191.37 207.995 I 672. 11723.28 1911.23

I 87 .68 138.89 142. 20 148.52 97.29 186.9*
I 175.98 187.43

S 678. 16102.81 2366.32
10.6* 115.80 111.30 119.08 85.85 115.55

I 187.86 187.78
I 676. 21186.56 3166.39

33.88 51.16 46.02 51.17 61.80 81.62

_ _  
_ _ _ _ _ _

- - -
~~~~ ~~ _ 1- -j.
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64.97 60.75
678. 28767.97 8 388.81

0.0 0.0 0.0 0.0 1.76 0.0
0.0 0.0

680. 38566.20 *741.14
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

682. 47768.5* 5589.5$
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

68*. 60164.5* 699~ .99
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

616. 75764.50 7749.99
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

689. 91768.50 0173.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

690. 108868.50 9000.00
4 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0
692. 127768.50 10825.00

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

69*. 150164.50 12250.00 5

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

696. 176768.50 13650.00
- 
- 

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

698. 204768.50 1*375.00
0.0 0.0 0.0 0.0 0.0 0.0 -

0.0 0.0
* 700. 234268.50 15500.00

0.0 0.0 0.0 0.0 0.0 0.0
~

- 0.0 0.0 -
- • - 702. 266764.50 17375.00

0.0 0.0 0.0 0.0 0.0 0.0
I 0.0 0.0

- 5 
708. 303768.50 19525.00

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

706. 344868.50 21000.00
- 0.0 0.0 0.0 0.0 0.0 0.0
- 0.0 0.0
I 708. 387764.50 21725.00
5 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0
~~~- 710. 431768.50 23000.00
- i  0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0
- 712. 879768.50 28850.00

- 

-
~ - 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0
718. 530368.50 25825.00

- 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

716. 503064.50 27400.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

-

-

‘
I 

_ _ _ _ _ _  
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.5 —.———-- 
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718. 639968.50 29175.00
0.0 o.o 0.0 0.0 0.0 0.0

1 0.0 0.0
720. 699764.50 30625.00

I 
ese....*.********.*.*S.SS.*a***s *SS***SS** *S*S a. **ea*.*.***ae*.a.*S.***S**S..SS*S*SS* ...•**•ee,s

HM ,AVPOO L ARE IN PT.- Oa5?L.RESVO L ARE IN ACRE—fl.
AC QS. TV? ARE IN TONS

RE • 22.1 AVPOOL • 676.9 00?PL— 0.0 *CQS— 2165160.0
RESVOLs 1566032.0 EVE’ 2124056.0

- ELEVAT I ON—VOLU ME —AREA RELATION AFTER 9 TEARS OP SEDIM E N TATI ON

ELEVATION SEDIMENT VOLUMES (ACRE— PT) VOLUME Aift
(PT.NSL) (APT) (ACRE S)

5 650. 0.0 0.0
63.34 69.83 60.64 85.57 11.00 0.02
0.0 0.0 0.0

— 652. 0.0 0.0
42.28 50.86 49.35 86.29 *2. 98 56.99

• 56.50 35.15 0.0
658. 0.0 0.0

- * 59.81 78.13 77.05 72.28 82.80 65.45
68.51 89.95 90.81

655.07 (ZERO ELEVATION) 0.0 20.39
656. 29.57 35.33

68.48 86.18 91.58 88.25 58.08 88.98
100.85 116.38 120.11

- 
- 658. 115.19 138.13

80.85 102.26 109.71 107.21 67.04 112.57
130.23 158.36 169.21

660. 582.17 328.54
S - 86.10 110.18 118.17 117.07 74.15 125.58
- - 

I 147.18 176.08 197.75
662. 1*29.37 828.02 -

S - 89.81 115.87 128.79 123.83 79.23 138.49
159. 06 191.07 217.31

I 
-- 66*. 2294.25 8*5.16

91.66 118.38 127.95 127.70 82. 87 139.73
1 • 166.54 200.24 229.35

666. 3210 .02  635.91
111.70 136.89 146.85 138.99 83.98 1*5.20

I 169.77 204.08 238.71 

- -5--  - - --—-5-S.-—-—
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668.

670. ~~ ~~ ~~ - 
1 6 0 . 5 8  98. 78 167.01 

4831.90 1032.02

93.15 151.92 158

* 
672. 

189.78 206.60 221.57 
158.33 103.48 162.64 

1338.09 1388.58

67*. 

188.05 96.90 11*6.14 
10392.05 1810.80

676. 

118.69 85.50 114.92 
11*581.30 2282.46

678. ~~ ~~~~~ 

51.65 68.14 47.82 
19521.8~ 3115.25

0.0 0.91 0.0 
27042.29 4329.87

682. 
~~~~~ o:o 

0.0 o.o 0.0 
368*1.38 8789.56

0.0 0 0

688. - 

0.0 0.0 
46040.53 5589.79

0.0 0 0

-686. 
0.0 

0.0 0.0 0.0 
59040.53 6999.99

0.0 00
0.0 

0.0 0.0 0.0 
78080.50 7789.99

0.0 0 0

• 690. 
~~~~~ 

0.0 0.0 0.0 
90080.50 8175.00

0.0 0 0

692. 

0.0 0.0 0.0 
106740.50 9000.00

694. 

0.0 0.0 0.0 
126040.50 10825.00

0.0 0 0

696. 
0.0 

0.0 0.0 0.0 
188480.50 12250.00

0.0 00

-~ 698. 

0.0 0.0 0.0 
175040.50 13650.00

0.0 0 0

700. 
~~~~~ 

0.0 0.0 0.0 
203040.50 14315.00

0.0 0 0

702. 
0.0 

0.0 0.0 0.0 
232580.50 15500.00

0.0 0 0 0.0 0.0 0.0 
265080.30 17375.00

0.0 0 0

106. 
0.0 

0.0 0.0 0.0 
302040.50 19575.00

o.: o.o 0.0 0.0 
383140.50 210C0.00

386040.50 21725.00

—
- 

.

. - -r 
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0.0 0.0 0.0 
- 

0.0 0.0 0.0
0.0 0.0 0.0

710. 1*30080.50 23000.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0

712. 4780*0.50 2*650.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0

714. 528640.50 25*25.00
4 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0
716. 501380.50 27.00.00

0.0 0.0 0.0 0.0 0.0 0.0 -

0.0 0.0 0.0
718. 638240.50 29175.00

S i  0.0 - 0.0 0.0 0.0 0.0 0.0 -
0.0 0.0 0.0

720. 6980*0.50 30625.00

HII.ATPOOL AR ! IN F?.
OD TFL . RESVO L ARE IN ACER—fl.

-~ ACQS, MV ? ARE IN TON S

NM • 21.6 AVPOOL • 676.7 O IITFL• 0.0 AC0S~ 2690169.0

k RESVOL• 1818218.0 EVE’ 2654889.0

ELEVATI ON—VOLUME—AREA RELATION AFTER 10 TE ARS OF SRDIUU?I?108

ELEVATION SEDIMENT VOLVMES(ACRE— PT) VO LENE AREA
- 

- (F T. MSL) (AT?) (AC RES )
5 

650. 0.0 0.0
63.61 69.57 60.58 45.38 10.88 0.02

S . 0.0 0.0 0.0 0.0
652. 0.0 0.0

83.15 51.38 50.10 46.81 43.21 56.76
55.36 33.23 0.0 0.0

654. 0.0 0.0
60. 90 75.71 78. 76 73 .59  82.91 65.63
67.59 05.62 67.52 31.70

656. 0.0 0.0
63.74 80.07 88.80 81.8 2 89.60 80.83
89.81 100.39 104.91 81.00

656.58(ZERO ELEVATION ) 0.0 20.72
650. 83.83 96.81

4 - * -- -
~~~~~~~—-
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79.19 100.43 107.83 104 .56 64 .99 108.1 *
123.08 140.75 156. 22 214 .40

660. 384.23 230.83
84.75 108.17 116.50 114.80 72.65 122.22

181.13 163.78 181.60 265.90
662. 1006.76 319.05

87 .21 111.88 120.55 119.13 75.78 127 .45
148.30 171.87 197.98 286 .22

664. 1660.81 330.46
90.23 116.27 125.30 128.5* 79.96 134.23
157.80 182.59 211.94 309.38

666. 2328.59 509.37
110.90 135.46 145.07 136.43 81.38 180.09
160.85 186.09 216. 70 318.11

668. 3697.90 892.97
118.67 152.60 161.15 159.65 97 .67 165.53
188.13 2 10.95 226. 56 315.94

670. 5900.85 1281.49
89.02 151.61 158.26 157.90 103.11 161.98

188.74 208.88 220.09 300.97
672. 8663.88 1673.89

80.18 138.29 14 1.1*9 143.66 96.59 145.58
173. 56 188 .63 197.36 268.17

674. 12594 .1*0 2170.01
68.63 115.30 110.74 118.38 85.23 118.45

185.83 145.57 151.71 198.64
676. 17343.93 30*9.13

32.67 51.05 45.88 51.55 63.98 47 .27
• 69.29 60.32 60.59 75.45

678. 21*790.93 4311.43
0.0 0.0 0.0 0.0 0.87 0.0
0.0 0.0 0.0 0.0

600. 34590.46 4749.77
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

682. 43790.02  5549.89
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

698. 56790.02 6999.99
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 -

616. 71790.00 7741.99
I
~~, 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

• 688. 87790.00 8175.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

690. 109490.00 9000.00 -

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

692 . 123790.00 10825.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0. 0 0.0 0.0

69*. 146190.00 12250.00
A 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
696. 112790.00 13650.00

0.0 0.0 0.0  0.0 0.0 0.0
0.0 0.0 0.0 0.0

A 698. 200790 . 00 18375.00
0.0 0.0 0.0 0.0 0.0 0.0
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0.0 0.0 0.0 0.0
700. 230290.00 15300.00

0.0 0.0 0.0 0.0 0.0 0.0
$ 0.0 0.0 0.0 0.0

702. 262790.00 17375.00
0.0 0 0  0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

708. 299790.00 19525.00
0.0 0.0 0.0 0.0 0.0 00
0.0 0.0 0.0 0.0

706. 3*10890.00 21000.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

700. 383790.00 21723.00
S 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
710. *27790.00 23000.00

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

712. *75790.00 28650.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 1.0 0.0

71*. 526390.00 25025.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

716. 579090.00 27*00.00
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

718. 635990.00 29173.00
0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.0 0.0 0.0

120. 695790.00 30625.00

1~
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APPENDIX C

List of Variables Used in the Computer Program

~5
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Variables are listed in the order they appear in the programs

MAIN Program

PARAM = index variable to indicate historical or generated water
-
- I inflow data; PARAM = 1 for historical data , PARAM = 2 for

generated data

NN number of years of simulation

DELTA lower l imit of sediment volume used as a criterion for termin-
ating sediment redistribution; its value is selected consid-
ering units used and accuracy desired.

Q(I) = water inflow in week I

ASNL (KK,I,J) = array of sediment characteristics for calculation of
densities

KK = submergence level (l=lower, 2=upper)
I = (l=natural density, 2~ compactim coefficient)
J = sediment componen t (l=clay, 2=silt, 3=sand)

P(I,J) = fraction of sediment component I in sediment zone J

ASSL(XK,1,J) = adjusted values of ASNL(KK,I,J) for relative amounts
of each components in each sediment component zone

X1,X2 ,X3 = fractions of incoming sediment that are component 1,2,3
(l=clay , 2=silt, 3=sand)

NUMBER = highest value of index for discretized elevation-area-
capacity array

ELEV(I) = reservoir elevation in feet above M.S.L. at index I 
I -

AREA(I) = original reservoir area in acres at index I

VOL !JME(I) = original reservoir volume in acre-ft at index I;
also later used as reservoir volume adjusted due to
sedimentation

AAREA( I ),  AVOL(I) = storage locations for storing AREA(I) and VOLUME(I)

IRESTY = numerical designation of the type of reservoir (types:
I , II , III , IV)

EMM ,ENN = coeffi cients in empir ical area-increment method

BETA = trial incremental fraction of trapped sediment that
comnp1~etely f i l l s  the reservoir to the new zero elevation

—4*
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________________
NTIYR = number of i n t e r v a l s  in a year (=52 when week is used

as the in t e rva l)

— NTI = number of weeks at the end of which adjustment for
compaction and slump are made

AMPC( I) = weekly pan evaporation coeff i cien t for week I

GCAMA = overall spec ific we ight (lbs/ f t3) of incoming sediment

NRDERI = order of Markov model used for water inflow time
series model

PROB = discretized cumulative distribution for independent
stochastic component

• INFISC = array of independent stochas tic component for cumulative
• distr ibution of water inflow time series

RHOIN(I ,J) = correlation coefficient of water inflows of lag I for Jth week

TMEAN I = array of weekly means for water inflow —

TSTVI = array of weekly standard deviations for water inflow

TMEIN = overall mean of weekly means for water inflow

TSDIN = overall standard deviation of weekly means for water inflow

RANU = Values of seed number for random number generation; also
used later as random numbers from uniform distribution

I.

XYX1 , XYX2 ,XYX3 = starting values used in Markov model

- t SEDISC = array of independent stochastic component for cumulative
distribution of sediment inflow time series

TMEANS = array of weekly mean s for sediment inflow

TSDVS = array of weekly standard deviations for sediment inflow

TMEANE = array of weekly mean s for pan evaporation

EVISCD = array of independent stochastic component for cumulative
distribution of pan evaporation time series

TSTDVE = array of weekly standard deviations for pan evaporation
time ser ies

E*IEAD(I) = design pool elevation in the reservoir at the discretized
index l

~~~~~~~~~~~~~~ ~ 
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IUSD(I) = spiliway discharge in acre-ft corresponding to DHEAD(I)

f IMCD(I) = condui t discharge in acre-ft corresponding to DHEAD (I)

i DAMFIT = height of dam used in calculating capacity of reservoir

IDS = subscript of water surface elevation used in delineating the
I upper and lower densities

ELPREO(I) = reservoir elevation during week I of operation

FIR = average head in reservoir during correction period

NUOC = number of volume area correction periods

ACQI = accumulated water inflow (acre-ft) in correction period

ZELEV = zero elevation = elevation at the top of sediment fill at
the dam

XSAVE = temporary location for storing incoming sediment load when
it is too small; sediment distribution ommitted for the
current period and this small value is added to the sediment
inflow of the next period.

QI(I) = water inflow (acre-ft) during week I

QS(I) = sediment inflow (tons) during week I

- 
~
-. QE(I) = pan evaporation (inch) in week I

Subroutine CALCMA

¶ ZR(I,J),ZR1(I,J) = correlation coefficient of water inflows of lag I for
-

~~~~~ 

- 
- Jth week

ZD(I) = standard deviation of stochastic component of water inf low

for week I

j R(I,J) = Markov model (of order I) coefficient for Jth week

DUM(I) = intermediate location for ZD(I)
(other variables in this subroutine are defined earlier)

Subroutine INPUTS

J1,J2,J3 = previous week, second previous week and third previous week
5 of the year

- 
- EPSILO = random number which is the independent stochastic component

of reservoir inflow series

~~~1L - 
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CORRIN(I ,J) = coefficient of Markov model of order I for week .1

• generated number from the g i ven distribution , fron which
periodicity in mean and standard deviation had been reiw’ved

E = random number wh ich is independent stochas tic component
of sed iment inflow t ime series

EATA = random number which is independent stochastic c’mponent
of pan evaporation time series
(other variables in this subroutine are defined earlic :)

Subroutine OPERAT

THEAD = operation head at the beginning

AVSTO = reservoir.storage (acre-ft) corresponding to ThEAD; also used
as average storage adjusted for outflow and evaporation

TSTOR = total storage (acre-ft ) = Inf l ow + Av. storage

VP = storage (acre-ft) required as per current operation head

EXSTOR = storage (acre-ft) in excess of required storage

OUTFL = total outflow (acre-ft)

ATSTOR = average of storages at the beginning and end of the current
period (used as an intermediate step to calculate AVSTO)

AHEAD = average reservoir elevation corresponding to ATSTOR

SPILL = spil iway discharge capacity corresponding to AHEAD

TDISCA = total (spil iway + conduit) discharge capacity corresponding
to AHEAD

CHVOL = storage in reservoir at the end of current period

RESUR = reservoir surface area (acres)

HEAD = reservoir elevation corresponding to net storage (=total
storage - evaporation)

(Other variables in this subroutine are defined earlier)

j Subroutine EVAPCO

QER = evaporation (acre-ft) corresponding to reservoir surface area
RESUR (defined in OPERAT)

(Other variables in this subroutine are defined earlier)

- ~~~~~~~~~~~~ 
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Subroutine SEDCOM

EVT = volume (acre-ft) or wei ght (tons) of sediment trapped in the
reservoir

YR = adjusted age of sediment for use in computing densities of
deposited sediment

AVPOOL = average pool elevation in the reservoir during the correction
period

SPWT(K ,I,J) = density of sediment in level K, zone J and I years old

S = relative depth used in empirical area-reduction method; also
used to represent temporary variables in various sections

FP(II) = normalized relative sediment area at elev . index II; also
later used a~. temporary storages for excess sediment volumes
in redistribution calculations for slump

OZELEV = temporary storage location for zero elevation ZELEV

DEAVOL = volume of sediment below zero elevation

A A B ,CD ,FKA = variables used for temporary storages in various calculations

• K2 = elevation index which is just below zero elevation
*5-

FPO = difference between new zero elevation and previous zero
elevation

FKA = normalized relative sediment area at zero elevation

J AZS = reservoir area at zero elevation

4*

AZSS = modified reservoir area at zero elevation

I I P ( J )  = sediment area at elevation index J; later used as sediment
volumes between elevation indices J and J+l

V(I,J) = array of uncompacted or compacted sediment volume of age I
- between ELEV(J) and ELEV (J+l)

YYY = cumulative volume of incoming sedimen t of component J (cumu-
lative on J,J=1 ,2,3); also later used as temporary storages

- 
- XI(J) = fraction of incoming sediment that is component J (3=1 for

clay , J=2 for silt, 3= 3 for sand)

‘

5 .
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X(I ,J) = elevation index corresponding to sediment zone J (j=l for
clay, 3=2 for s i l t , J=3 for sand) in correction period I;
also later used as the total volume of compacted sediment
in sediment zone 3 in correction period 1

USVOL = uncompacted sediment volume between elevation indices K2
and K2+l

NREC = number of volume-area correction period (in reverse order
to NUOC earlier defined)

IJ1,1J2 ,1J3 = elevation index corresponding to sediment zone of clay , silt
and sand respectively in any correction period

A,AA,B,HH,R = temporary storages used for various calculations in compaction
of sediment

11K2,SSS ,RRR,KPI,AA ,BB = temporary storages used for various calculations
in sediment slump correction

TT = reservoir surface area at zero elevation

S,SS,R,RR,B,B1,W 1K 2,A = temporary storages for various calculations
in sediment redistribution

IFLAG = index variable; IFLAG= l when incoming sediment volume is too
small; IFLAG=O , otherwise

I Y = interval at the end of which output for the values of zero
elevation, sediment volumes and adjusted volume-area relation-
ship is printed

(Other variables in this subroutine are defined earlier)

- I
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APPENDIX D

Available Wat er Infl ow, Sediment Inflow and
Evaporation Data for the Coralville Reservoir

F 1
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T-~h l e  fll ~
‘eek ly F~~i’-~’s in Iowa Ri ve r in Acre—ft ( 1234 m3),

~-~~5?k No 5  1 1 October— 7
(Source ~~~~~ ~±r  Supp ly B u l l et in s  of T - .~~ C e c l og i c-a l

Su~~.’ey , Iowa City, Tc-~a)

Ycar l 2 3 4 5 6 7 8 9
Week 1939 1940 1945

No.

* 544.1  ((52 . 0 11~~7 0 . 3  2 4 9 0 9 . 4  ( (527 .4  10229 .7 £ 0 7 0 4 . 3  55 922 .3  3890.0
2 679.5 1590.9 ~~4 38 .6  33099. 3 9336.0 9790. 5 5 8 0 5 0 . 0  15168.5 3183.7
3 l f l .7  8 5 0 4 . 2  3 ’ 213.0  Z1z 52 .3  82 73. 5 9* 0 7.) 1164.9 2 8 6 2 3 . 6  34 03 .5
4 142.1 1)74.1 34708 .2 86298 .0 8020.1 8005.6 6696.) 18(06.9 2690.1
3 8192 .6 2017.5 38578 .3 854)8 .2 1307.3 7363.5 6c91.3 30343.3 250).)
4 1533.6 2423 .7 65930.0 22439.5 7831 .8 8)68.) 5446.7 34536.2 6069.2
7 164$.? 2939.6 42163.6 (569s.3 9019.6 3911 .3 3292.1 23408.6 133? .?
• 1533 .9 8703.9 28019.6 12382.8 8258.9 3980.3 5070.1 20110.6 5438 .5
5 (499.4 7696.2 21233.0 10348 .2 1233.1 5639.6 4519.1 ~76O9.) 5094.0

F *0 1482.3 3991.5 *8443.6 1861.6 6623.3 4884.8 4911 .4 14146.0 5353.6
LI I 5~3.3 5)82. 1 14233.2 8369.5 9447.9 4893.9 184136.4 126)3.1 6366.7
12 1268.8 308~~.0 13332.1 1513.1 3158.0 3726.4 3960.7 12258.6 1821.)
13 8229.1 4031.3 28208 .1 7311 .1 3806.4 3507.2 3133.1 6324.6 6808.8
84 1)5.1 9(78.9 £3821 .0 20693.8 3297.2 3023.0 2393 .6 9091.9 3376.2

- ‘ 3$ 5?L.1 8789.1 11994. 1 8991.6 3346.2 32)5.6 8252.6 4593.8 ~462 .Z
86 557.1 9459.2 14665.1 0655.5 3222.8 2957.3 174372 .6 5700.? 4598.?
17 566.3 6206.4 22694.7 6430.1 3312.6 3081.2 20679.7 10803.2 SBflS.S

• II 387 .7 4603.7 361*5.) 5959.6 12397.9 3357.4 123)2.3 9324.6 2a96.)
*9 93.1 4339.9 36111.6 21102 .1 (5633.2 3139.8 9490.0 7552.6 2123.6

-
- - 20 200.7 *92~~~.* 24761.0 45(19.5 8404.3 3051.4 5 309.2 6525.1 £610.3

21 206.8 81082.0 (8977.7 23133 -7 5344 .1 233)4.4 31107.7 9130.2 £424.4
22 702.5 7628.6 16236.0 71409.6 22319.9 28077.4 802)4.0 33360.) 3309.9
2) 6526.0 88155 .0 21869.7 39009.2 11189.4 28221.2 21579.9 *4646.9 29313.9
24 9684 .9 19233.1 30590.3 21649.4 11042.9 31034.4 41610.2 82045.0 93469.8
23 22993.6 32261.2 43770.0 30066. 8 54958.8 85651.3 70372.4 3(103.9 20566.4
26 87143.1 74903.6 530~ 1.2 69700 .2  40345 .8 1* 1 5 67 . 3 (9949.9 40662.4 (22324.4
27 11007 .9 (4933.7 36292.2 4 * 6 2 8 . 8  3(198.4 71952.1 69612.6 4 1808 .8 107024.3
2$ 8553.2 2(420.0 28694.7 32123.4 29120.3 37136 .8 31744.4 36220.6 6*25 7.4
2$ b’.24.) 11*07. 1 20073.8 32 *4 8 .5  46066.6 31S36. $ 2*206.1 80414.3 2Sb~4.7

- - 
- 90 4530.0 15012.9 86299. 8 2264 3 .3  31789. 7 (06182.9 *1001.9 102806.9 2*041.4

31 5965 .1 *0738 .4 230?3.~ 3 9’714.0 60883.1 13113.1 *28 98 .2  l’ i7I6.0 (331).)
32 4903.2 6368.? 30430.2 30926.6 511*8.1 52308.5 (1966.9 40517.6 24133.9

- 
S 3) 3868.9 4463.3 43406.5 28401.~ 78784.1. 21989.4 34159.8 30530.2 36623.9

34 459( .5  3437.4 35753. 1 58349.5 71934.6 6)269. 4 20007.3 24695. 7 20943.4
35 3631.1 2480. 3 2* 0 02 .0  32163.3 299300.3 58974.9 24382. 9 30199.0 200)6.)
36 6406.5 23601.1 394 )6 .3 42956.6 126156.? 6863 1.4  30409.5 40087 .8 12791.4
31 6* 04 .2  26l07.~ 86056. 8 33828. 1 454*56.2 745)2 .6 2 )4 14 .8  248678 .9 11019.4
36 37)8 .1 269)3 .0  58061.1 61166.3 141049 .) 82951 . 3  *50)4 .5  116011. I *0714.4

* 
39 ~4$9. 2 13238.4 36989. 4 3 * 1 74. 8 99420.4 42108 .9 39647.9 221651.3 *0091.1
40 634%.) 27 S* 2 .4  35130.8 23378. 9 31103.7 32(00.0 34073.0 £10134.8 9261.3
41 3687. ? 23467.0 26839,9 03)0.2 42943.1 27583 .1 30656.1 120013.9 8327 0 .3
62 3370.9 9807.1 29004.9 1236)9.2 30628.4 19404.5 89748.3 71171.1 14)6.S
4) 5* 28 .9  7053.1 2*980 .4 60040. 1 22817.7 23104.9 *4(74.? 48426.1 80596.0
44 8 288 .1  68 74. 2 30011.3 27925.0 72387.8 *2658.5 2 )165.0 26)04.1 1*595.?
40 £0230.2 3)04.6 42249.9 43556.9 0328.) 9300. 8 *8208.4 17~~%3.6 0467.0
46- 1795.3 2980 . 1 £6414. 1 26721.1 (1136.4 7930.9 9871.2 11059.1 3960.2
47 76*1.) 25)1.1 £2134 .9 248 76 .6 18467.1 22754 .9 1161.1 79)9.4 3472 .0
4$ 6428. 2 2646.0 (3307. 0 (4840.8 9)04.1 36708.9 007).? 44)9.0 31)9.0 -

49 9476.9 *642. , 34891 .7 11314.0 £1171.1 *4668.0 7)9I.~ 5123.4 2195.6
SO 3441.1 212*0. 2 33364.7 27063. 0 14661.4 10000.6 390?.? 4748 .0 2606.4
31 3)~ * .7 22030. 7 32175.4 33312.0 1127$.? 0)24.4 37703.6 3 160.8 1692.)
3? 2)99.1 £ 137 1.0 34149. 6 *6174.1 81460.7 8548.9 86)09.7 36*5.9 1)91.)

_ _--_
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T-bl e V t .  (con t ’d.)

Year 10 11 12 13 14 15 16 17 1.8

~
‘eek 1950 - 1955
No. 

_____ _____ --____

S 2 3 0 5 . )  1333. 2 0 7 0 6 .4 25E )6 .~ 296 5.8 1777 .0 15*46 .5  1053.4 ~~3I.2
2 £11 1 .6 030.4 14111 .8 13035 .9 7503.0 1480 .3 10372. 6 1367.8 2557.~
3 2076.0 £272.5 6!bl.9 11662.4 2032 .8  1* 16 . 5  19282. 0  2636 .0  1393.1
6 1268 .3 8)36.7 7#35.4 1590 7.6 8702.5 749.9 33340.1 2)00.5 s.c.)
3 98%.) 8 119.? 5444.? 14177.6 2220.4 254.1 520 98 .0  46 64 .4  843.0
4 984.4 *359.8 40)8.6 20895.4 2241 .1 799 .~ 460 07 .0  2050.1 1574.~
7 1743.) £312.9 3*96.1 *9500.6 2007.5 8 * 16.0 27580.3 1204.3 £100.8
$ 22’).) £52 0 .1 28)5. 0 2* 6 9 4 .3  2200.5 1813.8 283)3.) 1497.0 l00~.6
0 2477.0 )66~ .2 2643 . 1 18073. 6 2 )2 3 .3  2 ) 0 6 . 1  12553. 1  2611.9 *156.4
*9 3057.) *530 .5 2108.2 14 * 76.1 3s2 0 . 2  1672.2 £0940.7 *549.1 1209 .9
*1 1(08.5 8416.0 1003.4 *1940 .1 2S37.9 2*20.5 0624.6 1399.5 £535.0
II 1700.4 093.9 2420.4 132 13 .9  2233.7  3 8 8 0 . 0  68* 0 .4  £024.5 £239.7
*3 199~~.5 14 20.4 8)67.0 8487.0 2327.8 *841 .0 7172.0 880.0 £299.1
(4 I6l’.$ *343.0 1300.4 69c0.0 2302 .0 1 237.0 6865.7 797.7 1200.0
8$ 953 .4  £ 13 8 .3  £8 98 .1  6311.6 2509 .8 (102.5 2405. ? 892. 8 1134 . 5
£6 12535. 0 8* 66 .0  *330 .9 73 74 . 0  2296.6 1 14 8 . 3  3913 .9 696.5 1107 .6
II 1*545. 3 2170.4 £31).) 6946.7 2* 53 .2  1228 .5  8051.3 941.4 10*8.6

- P IS 23928.3 2810.0 1796.9 ( 8 0 3 4.2  3383 .2  032 .4 7002.5 023.4 036 .2
*9 0090.9 *239.7 86*7.1 39856.0 6767.2 842.9 3)98.6 895.8 1)3.1
79 46(6.1 6*8.2 1120.? 20575 .5 3103.4 5*3.0 6508 .5 768.0 7061.1
2* 3849.1 *2866 .0 180.7 3* 0 4 0 . 6  6 6 0 8 . 4  4 4 0 . )  4 5 3 4 . 0  416.7 2766 .0.
2? 3541. 1 *04 15.7 6700.4 250 * 0 .2  23007 .5  683.0 4 *4 3 . ?  272 .1 320). )
23 *4103. 8 27*5.4 336(2.1 29023.) 26073.5 2494 .8  4783.9 384.1 1*305.6
24 407 26.4 633$.) 6 4 * 5 4 .6 250) 9.) 42260.9 2997. ) 44 2 40 .1  391.7 10069.6

3 2) 1 1 64 * 1 . ) -  *80421.3 4 0 * 5 2 .6  20094 .0 *0966.5 30)1.1 33094 . 4 8226 .7  4234.1
* 26 3784 6. 8  36080.0 20060.4 ( (0640. 6  ~ 74 5 * . 9  334 4.3 7 12 8 5 . )  54 80.8 3988.6

27 15406 .4 40543. 8 *240 0 .?  15041.8 3)072. 7 3615.6 20940.? 4014.? 3225. 1
29 0)040.0 46000.6 *04506.9 Sf374 .? 279* 7.4 3487.4 1)700.1 6* 17.2 3087.8
25 30202 .4  3)075.1 158498 .9  63)72.4 3*630.4 3255.4 £1114.) 8363.5 ‘069.4
30 20)23.3 *7303.8 13*298.) 64800.9 27646.4 5030.2 1)025.9 96)8.1 4619.0
Ii 22*40.8 98)8.7 06920.2 53)30.6 23662 .1 49)6.1 *4100.~ 37*6 .)  4085.9
3? £3912.7 0695.5 69390.1 4 2 0 4 4 . 7  21426 .0  6144.2 15192.2 1816.0 3408 .7
3) 9202.1 25428 .4 802)8.6 20772.0 3)495.1 13427 .5 • 2~ 03t.S 09* . ? 3046.4
34 4793.1 61350.5 820 1 5.6 20855.6 37422.4 30*74.2 14535.4 2055.8 3219.?
35 6509.0 206* 2.0 37 615.2 20005.5 23897.2 8)884.5 14016.2 4360.6 3851.6
34 4813.6 307)7.4 32270.6 324)2.2 26602.0 77*9.~ 10095.6 *44*6.4 82600.)
37 0038.0 10074.0 29500.8 403(2.0 27990.1 6667.1 7841.9 38(0.7 £3410.6
35 0622 .5 *O CSS8.9 * 2 23 64 .3  23304.7 * 6 9 8 8 . ,  4*9 30 .5  * 0 8 8 2 .4  5* 74 . 6  27252.9
3~ 6)69.2 1,8780.3 44900 .6  23143.1 34534.) 36836.0 *0322.0 4703.7 34)33.5
49 *103) .)  90)8 2.5 48762 .4 38791.8 22229.1 4 4 4 4 4 •~ 9219 .4 39 04.2 14)00.8- - 4* * 0 9* 7 . 4  3*7)5.3 31027.0 30470.? 23623 .0 7*636 . )  08 )9 .9  5501.4 39359.4
42 12938.9 *4519. 8 7637 5 .1 21290.) 20662. 3 0)830.6 7045.4 5137 .) 27341.1
4) 6876.1 11267.8 85606.4 2~ 772.l £170 7.2 21639 .) 0 7 22 . 1  5*~ 6.~ 26 .4.*

- - 44 1003.7 9324.3 430*9.3 33940.6 1)222.5 17544.3 72119.6 3022.4 29484.4
65 7244 .2 89*1.2 20 498.0 22406 .8 £ 14 62 .9  *2941.6 *0)44 .1  8636.9 10280. 3
44 3537. 5 3941.1 L 5 I 4 ~ .* 2 2 8 8 2 . 6  956 5 .4 *0306. 5 17)).) 5190.0 * 8 8 6 4 . 6
67 2745 . 7 4553 . 0 1*070.1 0075.4 *0307 .0  6642. 0 4 5 9 2 . 8  11905.3 70024 .4
45 2bO~ .3 4023.5 133)6.4 6037.1 9405.6 5730.) 3464.4 4)76.5 7084.9
49 2575.0 34~ 2.1 1192*., 57o1.7 5396. 9 8671 .2  27 2 4 .8 7953.4 4657.2
50 £ 123.1 2603.4 462)0 .1 4944.6 4094.5 36554.3 3036.3 3303.6 3800.)
1* *1l2.~ 175 1.5 29369.7 4070 .)  2e)7.~ 97430~~ 2002 .6  3157. 8 *0467. 1
5? 3)22.) 2885.4 20~~1~ .2 34 * 4 . 4  2079.)  24 )9~ .I 8 * 4 0 . 4  6*79 . ? 5720.)
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Table [1. (cont ’d.)

* Year 19 20 21 22 23 24 25 26 27

We ek 1960 1~ 65
No.

£ 3893.6 4 230 7.4 6487.0 440 1.1 4* 03 . 8 2*170.3 12316.6 9933.2 7304 .5
7 375 0 .7  1406 5.7 3373. 9 345 3.2 20 0 * 3 .2  27034.7  * 0 6 9 0 .9  6763.6 4061.4
3 3072.4 9620.7 3168.6 4 (35 .7 4990.7 14290.5 63 81 .4  4260. 3 4585.5
4 2394.0 6191.4 0953. 4 16692.0 7876 .4 9903.3 54 )0 .7 390 8 . 5  ‘890 ,2
5 2* 07 .8 6759 .0 0 4 4 2 . 6  8604.3 32569.4 11525.9 3611 .2 6513.2 15276 .7

~ 2513.1 62’0.0 5615. 7 6)72.9 21520.8 14605. 7 4706 .8 82 11.3 * 9 3 3 7 .2
7 6041.4 4990.4 4045.6 5438.1 23000.2 4425.1 4046.3 18042 .0 63349.5

3 S 2455.1 4637.0 5*66. 9 3242.1 16581 .1 2465 .5 3800.3 13916.0 72(35 .8
~ 3429.4 4133 .4 21001.0 14832.0 31471. 1 10310.1 33 (4.4 8630.0 107060. 5

*0 32 )8 .1  352 4. 1  £6468 .3  57)7.2 34631.2 12003.3 2929.6 5793.1 102366.0
II 4216.6 *57)6.8 £2872.? 7004.9 40430.1 9560.3 2678.7 4770.2 67~ 33.I
22 4785.) 7414.2 *3143.4 6620.8 4)279.3 6429.? 3024.0 4256.5 33699.1
13 3)31.0 4661.2 (2543.4 3236.2 3I23 ~ .4 7715.7 2718,0 3905.3 37723.6
*4 3907.4 4163.1 *0380.4 60 19.0 24495.5 7239.7 2643.9 3909.4 21593.0
*3 4228.1 91)3.4 14)1.4 4443.0 *5059. ? 6410.1 2596.4 3530.6 21037.2
18 7215.4 2796.7 8876.0 3)82.4 *94)6.0 3942.3 2602.3 3477.0 18720.6

* 17 3590.1 3857.4 20943.4 3669.4 16662.0 3435.2 3510 .7 2469.3 23005.2
*8 4790.1 2935.4 £2883 .2 3390.1 13471.1 493.6 2493.9 7449.4 20112.4

- P 89 4324.0 7451.4 09)78.8 5428 .5 125*5.? (3*8.4 23.30 .5 2390.1 *9(60.1
20 4099.2 1093.4 31487.8 3600.0 *0906.6 3750.4 *725.6 3451 .2 23444.0
21 3669.6 2043.0 21760.6 2320 .7 0004.3 6286.3 *086.0 2320.7 27421.?
22 3*73.6 1884.) - 16535.) *793.0 9136.7 4066.1 1049.1 2802 .5 20859.3
21 2451 .5 1043.8 15904 .8 2032.9 14617.7 4302.1 1 806.1 (0076.0 32360 .7
24 1723.6 2459 .5 1* 8 28.3  144 62.5 *8040.6 374 1.5 I lsZ .S 43 01 .0  28442 . 8
25 30009.9 26682.8  *21 58 . 7  6942 8.6  14248.1 3378 .9 15 55 .8  3054. 3  21223.1
26 13592 .7 3)393.0 IllS.? 46)93.6 *2089. ? 2570.3 2463.3 26251 .0 1324~.627 9008.0 29131.2 7715.7 103~9).2 £1781 .1 4304.1 2479.3 3252.9 8526.4
25 1421.1 4* 140 .4  3398.3 03642.6 23008.? - 6404.8 2727.1 433)5.8 33203.)

- 29 4228.8 134333.4 0)50.4 66424.4 *02842.0 7636.0 2156.7 23983.4 3748 7 .6
30 64 50.2 * 8 3 4 8 3 . 1 158420.8 86990 .3 184441.0 6205.3 2702 .5 28378.5 0 9 68 .5
31 19051.2 40428.3 *65477.9 11761.9 143384.4 74*033•5 2574.3 45024.5 *3094.2
32 13270.) 23882.8 61943.6 36231.0 05459.4 33333 .3 3865.8 55933.8 26700.5

-~ 33 ~405.6 2)504 .8 00727.8 3604~ .5 14403. ) 566415.5 4476.1 460(6. 3 18462. 8
16 17235 .) 6*018 .0 46509 .9 3 5 * 2 7 . 2 31419. S 151100.8 38 2 6 . 1  39660.4 39847 ,9
33 $341.1 28042.5 72 819.0 23*27.? 30109.1 26530.1 3285.2 73903.4 42565 .4
34 3740.2 30444.6 147689.0 17514.0 36131.? 15679.3 £3073.3 214*73.3 36033.0
37 5012.7 32118.3 84740.4 13113.5 39927.2 11383,4 10919.0 204095.9 30565.)
38 37)8.5 43064.4 65590.5 1)355 .4  24314.8 (2063 .4 *085 7.5  2062,7.4 27 3 3 2 . 2
35 17809.2 54343.6 86264.4 1*409.2 59244.? 23095.5 * 34 67 .6  03051 .3 24456 .)
40 34113.3 31200.0 11351.6 31425 .2  51112.4 3044 0 ,8 88922.3 31676.4 27750.4
61 33155.8 14360.) 21809., 2*104.1 37320.9 3312$.9 73444.8 2)657.4 24~ S2.0
4$ 11706.1 9592.8 270*4.2 13866.) 20445.6 30404.9 *9611.3 *6542.1 00553.)
4) 16142.1 38924.) 11950.4 9199.0 15993.? 14018.1 14)56.1 23444.4 38909.0
44 2)6S?.6 221o0.4 *40 )3 .8  0573 .7 15e11.0 *41~ 0.I *0450.9 57499.1 52720.4
43 362)6.1 13390.7 7)041.9 7950.1 31713.7 21133.0 7136.4 81961.6 3)9*7.)
46 32072.1 9488.0 U223.I 2*304.8 823965.7 16710.7 *3622.5 1411.3 132482.5
47 2)206.6 7003.0 *0809.2 13119.5 37564.3 £0153.6 43219.0 10082.0 100006.4
48 *1142.1 4248 .8  7355 .7 25524 .6  40*85. 1 93(8. )  19965.4 85638.7  38360.8
4~ 15796.) 5Z93.~ 6253.3 19504.9 24110.0 13765.1 143(5.0 22352.0 3(434.3
50 28780. 1 4724.4 580*.) 04&7 .* 15720.0 22452.5 16951 .5 45138.8 20278.1
51 *2670.4 3304.5 3720.) 6420.3 12803.) 31337.0 14027. 1 21500. 1 13760. 5
31 36081.5 4026.4 7886.1 45)6.2 *1083.4 11074. 2 1*02.0 *1700.5 84456.9

L. ~~~~~ J~~II I~ ~~~~



Tab le D l .  (cunt ’d.)

Year 28 29 30 31 32 33 34
Wee k 1970
No.

1 1275 9 .3 48*3.7 4266 .5 20*32.2 (.9C0.6 3878 .5 27371.5
7 0640.0 3200.5 3996.7 1 L 7 ~ 9.1 51 2 7 .3 32 * 3 . 2  2 3424 .0
3 69 44 .1 3* 2 5 . 9  4881 .3 12765 .6 6 * 05 . 1 3356.0 167(0.1
4 5604 .3 3425. 5 3065. 0 *2 364 . 9  2 *2 3 3 . 0  2556 .7 206 07 .8
5 6585.5 2743.1 3653.3 4735.4 11341.4 2640 .9 177)6 .3
4 4 4 0 1 . 3  233 7 .3  3822 . 1 7244 .6 *9 572 .9  2402.0 2 ( 4 4 3 . 3
7 3691.7 2737.2 7)40. 5 4495 .9 2898 3.4 2039 .0 3 9 * 7 3 .5
S 3203.3 2633 .9 1* 4 4 2 . 6  825 * .?  47)65. 1 2 8 3 8 . 0  30485 .4
9 213 I .~ 7782. 6  *0527. 8 1C093.9 2 7 0 * 4 . 0  2402 .0 2 1540.5
10 2647.9 5362 .1 8054.2 8626.4 26 985 . 7  2572.6 4 1631.4
II 2594 .4 44 78 .1 6737. ( 12* 13.0 23 543 .8  3573 .5 52 8 6 5 . 2
82 3)~ 0,4 3891.7 5904.1  96* 1 .6  23268 .1 47 70 .2  65276.0
13 2463 .5  3607.9 666 2.5  741 2.4 221 13 .3 3911.4 6 * 6 6 6 . 8
14 2119 .0 2738 .2  6700. 8 7)34 .? 12313.4 5606.9 331066 .6
IS 2413.9 3200.7 560 3,3 5906.8 2*699 . 1 5442 .2  5 3 5 9 8 3 . 6
lb 1089.4 2770.5 6267.6 6985.) 17117.2 5162 .3 450961.6
17 7~ )t ,7 2955.6 4461,1 4439.0 *6204.9 8070.7 12552.0
8 2240.9 2)36 .5 0* 52 .1  6 )53 .1  * ‘.617.S 0 7 3 5 . 2  *94 93.4

~~ 2000.6 225 7. 2 4930.5 3466 .9 14023.8 6696 .2 23067.1
20 14C4.3 *499.5 3649.6 3036.? 9500.8 4443 .0 76*65.7

- 
;- 

2* 1251.3 1402.3 9 3 6 8 . 0  3645.8 0607.8 432 ’ .0 3947 2 .0
22 9*4 3 .6  46 5 8 . 2 23963 .8 3595 .5 8560 .4 3669 .3  ~6330.S
23 328 3 .9  7180 .7 10790. 1 3775 .5 1733 .3  3 0 7 4 . 4  63828 .4
26 3556.4 4381.4 6019.6 4319.3 8163.6 2796.7 67239 .6
23 5127.3 3008.9 5533.9  73)3.0 6220.1 2231.4 8(2799.5 —
28 3352 .8 2249.3 6188.4 0459.3 44605.2 2409.9 25586.7
27 2605.4 1533.7 2*054 .3 17890.9 100048.9 3332.2 24290.3
20 2443.5 3123.0 22413.2 11228.4 42628.0 38376.3 67913.5
2’ 4720 . 7 7341.1 *1*98. ? 30307.4 4 )4 30.0 4 0066 .5  78042. 0
30 *4459 .5 5*21.3 08716.8 8 1930.6 106274.2 3 2 8 6 6 . 8  10944 1.8
31 oeo7 .% 4446.9 8 4 9 7 3 8 .9  221* 0 .7 022)4 .8 2 * 6 4 8 . 3  * 0 5 * 0 3 . 3
92 7 2 3 3 . 7  106 75 .0 (6842 .0  2 4 4 * 6 . 5  50419 .3 8) 90 7 .8  6 5 4 )4 . 6
33 7)92.4 77)3.5 80290.5 2*342 . 1  48119.0 10653.2 73044.6
34 7~ t5.9 5203.6 60*76.3 70706.8 79122 .4 5733 .? 33*33 .3
3) 7473.7 19931.9 41603.4 22066.6 22*39 .3 74777.1 204098.9
36 6027.5 16938.? 46860.4 28426.’, 31346.9 22632.9 129710 .6
37 6908.2 9594 .0 43322.) 83638.7 *6145.4 23940.5 76*03.7
36 5648.9 726* .)  39067.8 54259.8 34288 .2 ~.3973.S 93377.6
30 4* 33 .8  6257.5 35569 .6 85743.3 22 9* 0 .4  2 9 3 * 4 . 0  59051.1
40 3423 .3 5656.6 30882 .5 4983 0 . 5  270 67. 1  19160. 3  4440 9 . 2
41 *5092. ? 4618.1 27321. 2 3)521 .2 *0 365 .4  136’ 4 .6  * 0 4 8 4 8 . 1
4? 76009.2 4766.3 *02)06.8 22026.9 $7456 .0 34714.3 Q~ I53 .4
4’ 7 i 7 ~~i.o 4934.? 68)06.4 *6899.2 30664.6 93302.4 54047.7
64 3)540.5 9621.3 46790.0 l~~*25.8 55197.) 125333.) 6)034.?
43 25289.6 201*2 .4 1*24 21.3 *1440.6 *2345.1 41051.8 24)106.?
64 2 3 055 . 2 9296.3 148806 .5  1113.2 V.434,5 24 133 .7  160148.6
47 9* 0 7 .3 * 8 2 7 6 . 5  22* 3 5 3 .4  8919.5 3544 6 .8 2 53 86 .5  26403.)
46 7073.4 32033.0 *17659.3 5532.9 82440.) 36237.5 80743 .0
49 781?.o 54004. 8 9884 2 .1  6136 .5 9037.5 345 6 9.4  *7276.0
30 * 2 33 7 . 3  24709 .3 464 09 .9 32516.5 7457. 8 4 1 1 8 7 . 3  8977 5 .2
3* 4347. ) 1*256.2 3 17* 5 . ?  *7 932 .4  3744 .1 50343 1 .9  11145.7
52 3)25.6 6504. 8  29*57.0 9675.?  4507 .6 3 7 9 0 0 . 1  9954 .5 

~~~~~~~~~~~ - —...
~~~~~~~—— ~~~~~

~~~~~~~~~~
;

~~
-

~
;.

~~~~~~

:-

_ _

- , - - - -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.~~ .- 

- — — - -- —-- , — - --.‘- -_
;~

—-- .- ,; - 5- - -

— 
~~~

-
~~~‘ ‘  ‘

~~~~~~~~~ —~~
_.a~~~~~

_ ~~~4•p~~ __ _ _~~•~~ 
.. 4 S ••‘T~~

• ~~ ~ ‘6” ~*



- ---~~ _ _ _ _ _

133

Table 1) 2. Weekly Sedizz*ent Load in Iowa River in Tons (907.18 kg),
Week No. 1 1 October—i

(Source : U.S. Army Corps of Engineers , Rock Island District , Rock
Islan d , U1.}~~ _~ —

1e.r 1 2 3 4 S 4 7

1957 1960 
____ ________

1 ~‘.oos 2046 586 654 8539 7 890

* 2 354 2441 249 316 43 547 10537 1830
3 179 1137 1460 1342 31*0 2742 7~9
4 120 519 12013 36360 1793 833 3-01
3 66 2105 4763 1623 34001 1324 292
4 53 1034 525 322 31743 2790 211
1 175 391 360 184 9967 2401 23-4
8 141 974 233 231 14231 1333 354
9 121 131 41568 1565 3 41745 875 131
10 126 356 946 3 626 2034 7 403 129
11 643 4327 3337 814 5539) 332 71

12 910 543 9219 363 26212 3~4 152

13 
334

14
1)
16
17
15
19
20
21
22
33
26

j  25
26 33309 36614 1320 37942 13-94 260
27 1477 13357 1083 300665 1362 4364 96
26 902 261433 1005 130929 21646 26806 644

29 750 108515 1246 38095 • 143799 176030 732
30 861 329743 237932 34039 126146 30630 308
31 23007 30643 89152 20800 26094 0664 4)35

32 8160 6119 22042 1220 7 24871 21)8 17470

8 33 1973 16981 40229 17561 22271 10323- 4398
34 1307 120122 11447 326)3 14093 7308 6899

35 728 16464 131674 4963 9271 59433 12711
36 2663 60049 76518 2430 66650 23330 16740
37 3000 212946 33903 3241 3913-1 44530 30130

3$ 2324 43144 84584 3323 27227 12)93 11256
39 74148 139842 40320 1334 103695 3660 12705
80 224190 14444 16006 110976 47061 5542 3904
41 44170 4003 1356 5 17083 37217 10020 2627

8 42 4742 - 4041 35633 475 7 8039 6814 31030
43 21039 1723-60 3145 1979 4018 3766 351230

LM - 
- 

- U 24313 1152$ 4230 6441 12330 33923 11146

- 43 *21590 13747 39973 2456 5453-3 17600 3303-3
8$ 36557 4657 433 5 5991 658)5 40510 34900
41 37423 2973 3097 27609 37579 20800 43-9 1
45 20250 1250 1676- 33753 26104 6381 3279

I 49 32633 2376 985 15910 lOIS) *2663 4433

30 236% 1800 650 2159 3132 2503 593

51 4250 436 913 1086 5077 11)6 813

32 31302 066 1704 343 3141 1336 610
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I

Tab le t!2 . (cont ’d.)

Te.! 5 9 10 13 12 13 14
is.. 196 _____________________ J97ft
1 7423 38839 506 690 232 4309 173
2 5225 71198 43-92 56) 97 33726 1629
3 7923 27312 5590 1052 519 14251 1152

— 4 8342 129 130 3918 73-5 319 7889 305
5 1483 66331 1381 535 243 11337 3016

• 6 450 33372 647 2039 3633- 23320 283
7 246 19191 237 1664 302 2 7008 122
S 194 135)8 276 913 359 19188 4-6
9 202 11321 214 292 277 10174 49

10 193 7025 156 243 122 7553 253
• 15 1)1 8489 270 120 3103 41

12 105 9302 282 4135 1312 1634
13 148 6993 293 3784 77
14 238 63-2 5
13- 110 30144 26305
16 169 1504 39
17 154 60800 190
15 132 52749 1*44
19 358 51009 3*0
20 49 66901 39
21 13 23011 26

22 46 4013- 24
23 1)U6 l.J~u
24 12327 76927 9314
23 26569 6670) 900
26 15210 7 1)768 13129 16996 702
27 566) 741 65821 6660 2302 26038 p2642
28 3738 1603 47010 4411 145) 42366 1O7O~
29 27358 309349 44 137 4349 1084 71413 7000
30 249 8 306373 22856 10583 26341 121915 46004
31 19602) 36495 68461 5073 2034) 2)390 14260
33 341186 21254 32674 3495 8929 35519 2536
33 42704 11156 10628 54905 65412 2213) 2566

T. 34 125128 11754 16231 129928 17263 16363 145 1
3) 128649 8509 5940 128850 16754 14159 1330
38 21)87 4409 19634 2 45643 27686 58067 3401
31 4270 82087 160336 11695 6336) 31354 836 8
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