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INTRODUCTION

The science of water resource planning and management implies the
utilization of available water supplies in order to meet specific goals
and objectives (Hill and Riley, 1972). Essential to effective planning
and management is the consideration and analysis of all possible alter-
natives. Past research at Utah State University has demonstrated that
the hybrid computer simulation of hydrologic processes is a reliable
planning technique which provides the capability to examine many possible
alternatives in a short period of time (Hill et al., 1970; Riley, 1970;
and Riley et al., 1967). This technique, because of its interactive
characteristics, is valuable also in teaching some basic concepts of
hydrology and water resource management.

Hill and Riley (1972) developed a basic simulation model to demon-
strate storm~runoff relations. Past experience has proven that the
exposure of undergraduate students to dynamic computer models would
produce beneficial results such as an increased understanding of basic
hydrologic concepts through personal involvement.

The author has taken this basic model and expanded it to include
routing processes. Dynamic scaling and a question and answer type of
interaction between student and computer (SUBROUTINE QUET) are added
to the model to make it more realistic and attractive.

This report presents a brief explanation of basic concepts which are
involved in the model, description and advantages of the hybrid computer,

description of the model, and the beneficial results of the student-com-

puter interaction.




BASIC CONCEPTS OF A HYDROLOGIC SYSTEM

Runoff

From the hydrologic point of view, the runoff from a drainage
basin may be considered as a product in the hydrologic cycle, which is
influenced by two major groups of factors: climatic factors and
physiographic factors. Climatic factors include mainly the effects
of various forms and types of precipitation, interception, evaporation,
and transpiration, all of which exhibit seasonal variations in accordance
with the climatic environment. Physiographic factors may be further
classified into two kinds: basin characteristics and channel character-
istics. Basin characteristics include such factors as size, shape,
and slope of drainage area, permeability and capacity of groundwater
formations, presence of lakes and swamps, and land use. Channel
characteristics are related mostly to hydraulic properties of the channel
which governs the movement of streamflows and determines channel storage

capacity (Chow, 1964).

Infiltration

One of the basic concepts of hydrology is infiltration, which, in
general terms, is that water which enters the earth. Infiltration
affects many aspects of hydrology, such as surface runoff, the moisture
content of the soil, transpiration by plants, and the evaporation of

soil moisture. Infiltration reflects the soil characteristics and

land-use patterns of the basin.




Evapotranspiration

Evapotranspiration is another term to be defined in the hydrologic
cycle: it is the process by which water is evaporated from wet
surfaces and transpired by plants.

Surface runoff from storms is a function of several things.
Various watershed characteristics such as vegetative cover and soil
properties influence the amount of water available for runoff. Storm
time patterns of precipitation intensity and duration influence the
relative amounts of rain which are abstracted by the processes of
interception, depression, and infiltration. Channel outflow is influ-
enced by the slope and size of the basin, yhich affect the rise time.
The figure below serves to illustrate some of the basic relations of

hydrologic processes.

per unit of time

[
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Figure 1. Schematic diagram of the disposition of storm rainfall
(from Linsley et al., 1958).




DESCRIPTION AND ADVANTAGES OF HYBRID COMPUTERS

The hybrid computer is composed of two parts: digital and

analog.

Digital Computer

Data input into the digital occurs through punched cards, magnetic
tape, or from teletype. The digital computer is a Sequential machine
which does one thing at a time. The digital processes the data, stores

the data, and transfers appropriate data to and from the analog.

Analog Computer

The analog computer is a parallel device in that all computations
proceed simultaneously. Many of the processes which occur in nature
are time dependent and as such are differential in form. The computa-
tions on the analog computer can be visualized as analogous to the
processes occurring simultaneously in nature. Tt is in the solution
of differential equations that the speed and parallel computation of
the analog computer is particularly apparent because it can integrate
the problem variables continuously instead of using numerical approxima-
tions. Visual response (graphical outputs) is obtained from the analog
computer.

Hybrid computing systems gather the advantages of digital and
analog computers. The hybrid computing system moael provides the

capability to examine many possible alternatives in a short period of

time. The operator can visualize the results as being the actual




dynamic responses of the physical system under investigation. The
interaction between the operator and the computer makes hybrid computer
models attractive and useful from an educational viewpoint. Figure 2

shows the elements of hybrid computing system at the Utah Water

Research Laboratory.
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Hybrid computing system set-up at Utah Water Research Laboratory.




DESCRIPTION OF THE HYDROLOGIC MODEL

The basic concepts of the hydrological system were developed into
a model which was programmed on a hybrid computer (see the listing and
analog diagram in Appendix A for programming details). One result of
developing hydrological system models on the computer is the identifi-
cation of significant physical processes. System parameter changes
relating to these processes can then be made easily and the effects
rapidly determined.

For the sake of simplicity this model deals only with the upper

portion (subsystem) of the system shown below (enclosed with dashed lines).
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Figure 3. Block diagram of hydrologic processes.




A flow diagram of the various hydrologic processes which are

represented by the model is shown in Figure 4.

PRECIPITATION
INTERCEPTION <3
INFILTRATION <
DEPRESSION STORAGE <
RATE OF

RUNOFF SUPPLY

ROUTING PROCESSES

OUTFLOW
HYDROGRAPH

Figure 4. Schematic representation of watershed for hydrograph
synthesis.




For the system represented by this model the supply minus the
abstractions will determine the amount of runoff available. Figure 5
is a schematic representation of this simplified process.

Since both the interception and depression storage rates can be
represented by similar mathematical expressions, in the model they are
lumped together and called interception plus depression storage (IPD),
or retention storage. The mathematical expression used to represent
the combined processes is as follows:

d(IPD) CIIIZD = -K(IPD) (1)

in which

IPD = interception plus depression storage capacity rates,

]

K a constant, representing physical characteristics of the
watershed foliage and ground surface.

Infiltration is considered to be a function of soil moisture and
certain other soil characteristics. A linear approximation of the
actual relationship (as shown in Figure 6) is used in the model.

The values of To, Im, and Ic in (inches/hour) corresponding to
dry, the wilting point (WP), and field capacity (FC) moisture contents
come from data describing the particular soil used. The model was

simplified by considering the soil as a single layer composed of the

top few inches of the actual soil profile. The soil moisture level

as a function of time is represented by the following equation:
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Figure 5. Storm supply and abstraction.
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The linear approximation of infiltration function.

Figure 6.
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SM = SMI + [(INF) dt (2)
in which

SM = soil moisture level (inches of water),

SMI = initial soil moisture at beginning of storm (inches),

INF = actual rate of infiltration (inches/time).

A function generator is used on the analog computer to provide the
necessary link between soil moisture and infiltration for use in the
model.

Surface runoff, then, becomes the integral of the rainfall minus

abstractions or:
RO = [(PPT - IPD - INF) dt (3)

in which

PPT = precipitation rate (inches/time) and the other variables
are as previously defined.

The digital computer stores characteristic data for the storm and
soil types encountered on the watershed. Equations 1, 2, and 3 are
solved on the analog computer. In addition, the infiltration function
is generated on this component. Whenever the rainfall rate is less
than the potential total abstractions, the abstractions are decreased
to match the supply,thus providing for proper mass balance in the
system. The channel routing process is added to make the model more
realistic and to compute the channel outflow for the whole basin.

What makes the model a teaching aid is the close interaction

between the operator (the student) and the model, and its capability

for sensitivity studies (which is explained in the next section).
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The comments, consisting of a brief explanation of the model,
are typed out on the screen in the beginning of the interaction;
then there is a multiple-choice fun quiz. There are five questions
with three possible answers for each question. After the question is
typed out, the operator types his answer, and the computer types out
whether the answer given by the operator is correct or not. It

records two points for each correct answer and gives the final grade

at the end of the quiz. (See Appendix C for sample outputs.)
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SENSITIVITY STUDIES

Studies in which parameters are changed over a range of values
are called sensitivity studies. Hybrid computer models become valuable
aids in water resources planning studies which require the evaluation
of many alternatives. For example, the model may take only five
seconds to simulate events occurring during a real life period of
several hours.

Two examples are given in Figures 7 and 8. Many other changes
are possible (see the Instructions Manual in Appendix D for the
parameters which can be changed and the procedure to be followed).
In the first example, the operator has tried three different values for
Initial Soil Moisture (ISM) and has observed the response (runoff).
In the second example the operator has observed the effect of rise time

on channel outflow. The channel outflow is delayed for greater rise

time as was expected.
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Runoff Rate (inches/time)
1.0 +

ISM = 40%
RO = 1.84 \Y]
ISM = 20%

0o ISM - 10% W\

RO = 0.70

/ .
0 A\ F N—

0
Time (hours)

Figure 7. Example 1: Surface runoff as affected by changes of
initial soil moisture.

Runoff Rate (inches/time)
2.0

1.0

Time (hours)

Figure 8. Example 2: Surface runoff as affected by changes of
rise time.
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OTHER INTERACTIVE PROGRAMS ALREADY DEVELOPED

AT UTAH STATE UNIVERSITY

Other interactive programs have been developed in different
subjects at Utah State University. Dr. W.0. Carter, Professor of
Civil and Environmental Engineering, has developed a computer model
for structural design. Dr. R. Hurst, Professor of Applied Statistics
and Computer Science, has developed several interactive programs in
the field of statistics. These interactive programs are being used
as teaching aids as well as for professional uses.

All of these interactive computer programs have one common
advantage: these programs eliminate the tedious work and enable the
user to look into basic concepts more carefully. The user also has
the opportunity to examine the possible alternatives in a very short
time. This gives a better perspective of the problem and results in
better solutions, and objective answers. Common sense and personal

judgment, however, should always be used to check the answers against

any manmade computer mistakes.
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CONCLUSIONS

This simplified model is representative of more complex
simulation models, and it reflects the capability of simulation
models developed for water resources planning and management. It is,
at the same time, an aid for teaching basic concepts of hydrology to
undergraduate engineering students. In Winter Quarter of 1972-73
the undergraduate hydrology (CEE 443) students were exposed to the
model, and the results indicated a significant increase in students'
knowledge of basic concepts of hydrology. The students' comments
about the model were positive. Some students (about 25 percent of
the class) wanted to have more time on the computer to be able to
exercise more sensitivity studies. Hopefully, this extra time will
be given to the students in the future, for better performance.

This interactive model is also used for demonstrations at Utah

Water Research Laboratory for casual visitors.




17

SELECTED REFERENCES

Chow, Ven Te. 1964. Handbook of Applied Hydrology. McGraw-Hill
Book Company, Inc., New York. 1453 p.

Hill, Robert W. and J. Paul Riley. 1972. Interactive hybrid computer
simulation for teaching hydrology and water resource management.
ASEE, Annual Conference, June 19-22, 1972. Texas Tech. University,
Lubbock, Texas. 20 p.

Hill, Robert W., Eugene K. Israelsen, A. Leon Huber, and J. Paul Riley.
1970. A hydrologic model of the Bear River basin. Utah Water
Research Laboratory, Cocllege of Engineering, Utah State University,
Logan, Utah. 85 p.

Linsley, Ray K., Jr., Max A. Kohler, and Joseph L.H. Paulhus. 1958.
Hydrology for Engineers. McGraw-Hill Book Company, Inc. New
York. 340 p. ’

Riley, J. Paul. 1970. Computer simulation of water resource systems
at Utah State University. Occasional Papers, Utah Water Research
Laboratory, College of Engineering, Utah State University, Logan,
Utah. 20 p.

Riley, J. Paul, Duane G. Chadwick, and Eugene K. Israelsen. 1967.
Application of an electronic analog computer for the simulation
of hydrologic events on a southwest watershed. Utah Water Re-
search Laboratory, College of Engineering, Utah State University,
Logan, Utah. 53 p.




18

APPENDIXES




19

Appendix A:

1. Program Listing

2. Analog Diagram
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PafE 1 C MAIN PROGRAM FOR INTERACTIVE hYRRID COMPUTER SIMJULATION
c NKE STORM SURFACE RUNOFF

c WRITTEN RY R, W, HILL MARCHN, 1972

C PDyLuLMIC SCALTNG,JUBROJTIN& QUET ,AND ROUTING ADDED BY A,H, ATALI

OO P 2Y ,UP T FCT, ORI DRAET  SCL,SCFL,PPT(120) ,PNL1Q), XNM(4),
LTTEC(RB), FMT(5) NPT HIH, ACI0) ,BlL0), NL,COM(576) XL, XPS,TPI,YPS,TDX,
ZAUEST(3,126),105T{3),1ANS(5)
C SET UP ANALOGR UNTTS
CALL -DSAYIN(TE,S589)
CALL nN5C (1, 1E)
DG 2 1=z,
A(I)an, D
2 (0,0
CAlLL BWADAR(A,*,8,1E)
CALL GSTNhA
Tell QQEAFP(AI"'larIE)
CALL OWLARS('72a22,1E)
CALyL ORLARL(ISL,IE)
I RZAD(6,17¢) ITY,LFNT
Pean
IF(ITY)CH,99,3
I A0 TD (17,27,39,55,6%,60),1TY
133 FRaMaT(dIn)
*-n THITIAL OLTA,COHMENTS FORTTY
FooTar 20 DNLY COMMENTS, [FNT=2 RD SQOILS AND STORM DATA
C\LL DATCITY, [FMNT)
TFCIFr=1)1,1,23
CAllL DATCITY,IFNT)
IFIIFNT=1)1,1,23
23 CalL sINML(®)
! ]
32 TaLL PATCITY,IFANT)
30 CALL ROSY
R ol
c INTERALTIVFE PORTION
62 MNITE(E,10R)
106 FOPHAT (1H]L)
TYE AP, LOMEAY MR,
WRITE (R, 67)("31(”)IM-1’ 8)
A2 SO2HAT(1R44)
51 TyRl 100
109 FASHAT ( /0l )
ACTEDY L, XN 01) , XNME2)
121 FOSMaT(244)
TYSE e &, 00N (AY, 1225, 31), XN (1), XNA(2)
HRTTE (A, A (U0 (), M6, 1), XNH L), XNA(2)
ReE FOlaAT (564
TYUE B2, (COHEN) M3, 83 XM (L), XNH(2), (COM(L),Le54,64)
uvrrF'G.QR)(CCW(H).Vx3z,b3),XH”(1):<WW(2),(COM(L),L‘54;54J
TyDE £ (rrulv) '952)

AATTTS, 97 (’7‘(”),<-65,2523

[ Ne)

’
IFIITY L ESN,€) CALL MLET
PealSE 10y
TYPD ¢2, (CNm{M),M2253,576) .
; JEITE (2, 02) 104, r"-1?\'5\,.76)
FITT(5,108)
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73

73
75

73

1935

2 ¢ AN FeOGRAM FOR INTERACTIVE

MRITE(G,103)

FORLAT (/11 PA4R, VALYZ)
ACTEDPTLNA, 1P, VAL
ANITE (A, tva)IPR, VAL
FOSMAT(IS, 1a,M)
IF(IPRY/ 4,000,753
TELIPR*2)701,£0,73
CALL RAT(2,2)

CeLL SIML(P)

] , /70
IF(I°PrP~11)75,78,7¢
PR(IPRY=VaAL

CiLL SIML(TIPPR)

J W70

Ty=2t {05
wHITE(S,1058)
FORVAT(/13H  INT, INCHES/)
ACCEPT 174, INT,DEP
WRITE (6, 174)INT,DEP
IFCINT)?R,7¢,79
PPTLIMTY=CEF

g W78

RERFORM STIMULATION
Call #~#0SH

J 07\"4

STOP

END

21

HYBRID COMPUTER SIMULATION
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SUANNBITINEG DAT(ICH,IRET)
COMMOH PR(LG),WPT,FCT, SMT, DRWT, SCL,SCF,PRT(132),PN(LR) , XHM(4),
1IEZ(h)Y, F:.(S)-\P1.HI1,A(18) B3(10),NL,COM(576),XL,XPS,TPI,YPS,TDX,
"?U*QT(“,ILE),IQQT(k), ANS (5)
6N T (18,20,308), ICN
12 TYy®g 50
FORAT( 91 THITIAL/)
READ(E,SN1IINPTS
531 FORMATCIN)
SEANCA, 2 7) (PN(1), 121, NPTS)
52 FLUTIMAT (27344)
P'A DA, Gy (COMIH) ,H=1,576)
31 AMATELI304)
no L3 Kay,F
43 READ(F,13) (LUEST(K,I),I1s1,1286)
13 FLRVET(1PA4)
TF{IRFTEN,{IRETURN
23 Typ{ &
54 FOPHMATIZH SNTLSY)
RELD(E,7T3D) D”WTp(FR(I),I=1'8):PR(19)
55 FLRMAT(18FH
TF(IR{T,EN 1) 50 10 69
30 TyrFe K4
6 FonvAY U STNRMY/)
READ LA, D7INPT, MIH, PPQ), (FMT(1),121,5)
ST FORMAT(QIZ,FL 0,5y, 544)
REA ‘(n.rW*)(F“'(I),I 1, HPT)
TF(MIM,LE,1) GO TC 33
OT=PP (D)
00 32 I=1,NFT
A2 PPT(T)=PPT (1) +DT/80,0
3 NHITC(E'—)‘;)
859 FOCPHAT (//20x, {50PPT TNPUT,IN/DTY)
WEITE (€, 82 (PPT(1),I=|,LPT)
DYOFARMAT(1IFS,2)
c PETEAMINE SCiL,§CF
5 TOX=FR(9Y/EQ,
FCU=PR(S5)*MRWT*12,0/6242,
VP IERECAYAPRRT 12 k248,
SCLIsFP(7)«TNX
SChLp=rnl
SCLA=82L2

IF(0C1L1,GR,5CL2)SCLA=SCLY

N SR XA
MY 3 Txg,NET
TF(PAT (1) FE L AXP) ALK 207 T (1)
AN TIIE
e L=l
“TLaSTLAeL 2
IFFGTI‘.SV STLINICL=0CLAYY,2
rl-fD"r;)-34(7}),ij/(rCI ~API)
PRA(F)YeTHX/WDT

| TE(SEF1,GE,30F2)8CFeSaF 41,2
| TE(SCF . uT 16, )wRITE(L,1)5CF
{ FORMAT(/INY,4HSCFa,F10,3/)
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PAGE 2

TF(QCF.GT,}H.U)SCF=1O.3
RETHRY
b

SURRTUTTUE GieT
SOMIN PROYAY WP L FCT, SMT, DRWT ,SCL, SCF,PRTLLO),PN(13), XNH(4),
LIECOITY (FMTAH) NPT HIH, ACLG) B 1), NL, CUH(S75) , X0, XPS, TPT,YPS,T0X,
FUIST(S,126),IuST(3), TANS ()

TAUSE L0y

If;u‘ﬁ:m

o FUPREZT ANSHERS ARE AS FOLLOWS

TAUE(1Y=3

{ald3(2)=2

[ANS 3o

TLai(dysEn

TANSIRY =

£ SEVEN CAPLS FOR EACH QUESTION,'SE COLUMNS 2=72
N9 13 N=t,5
TYPE A7, fGUFRTIN, IS, 181,126)
19 FoeMAT (/7 f184ad))
IRTTE(S,10) (AUEST(M,1),Is1,126)
TYL‘E S(M')
Sul FOOMAT (/ YH )
ACCEPT 27,3I0ST(N)
28 TURNAT(IY)
TE(TAST (M) ,EN,TANG(NY) GO YO 55
TYRID 3¢, 1ANI(N)

TWTE
Ay XENCT) ,J=1,2), 1GRD
UADTVE R, 5y (XNM(J),J=1,2),IGQO
S0 FC2VAT(//7/,5%,244,1H,,14RY0UR GRANE 15,2%X,13)
TECIGRN,5T,7) GO TQ 321
TYRLOo11y
WEITE (A, 111)
111 TR 5T006,33497T TN GBODN, TRY AGAIN)
) ra np2
333 Tylo poy
VITTE (R, 200
222 TANAT(LY,GRYERY 65A5D)
Jr‘_ l'_‘QP\,‘

D

IPTVF (G, 30) 1ANS(M)
S0 TARMAT O/, 1Y, 1 7HNG, THE ANSWER I8,3X,I1)
ATOTe (3
55 TGRITIIGRI2
TyeP . 4, (XNT{IY,J=1,2)
AEITTS, Ay (1Y), J=1,2)
47 CRREAT(/, 1%, 3HYES, 2%, 2A4, 11, ,23HYOUR ANSWER IS CORRECT,)
N
2
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2458 |

AT IE &

UHL(IPR)
contar P
3

WPT,FCL, 5™, DRAT,3CL,SCF,PPT(139),PN(12),XNM(4),

!
VEZTOASY FMT (5], P T, NIH, A1), 8 {1d), 4L, COM(576) ,XL,XPS,TPI,YPS,TDX,
TYHEATOS,129)Y, T30 (3),1AM5(5)
WIPRLLELM) LD TR Ho
JOT Ly, i, 15,21,25,37, 35,43, 45,44), 1PR
5 78 =20 (01 enRWET*12,0/(6244,3%5CL)
Az ()
J . 40
19 AP R)#PR(G) /7 (53,2%8CL)
223 {2)
] 18

15 it 2PE (3)%d, 8/ (PR(3) 1D, 1)
PP
T

20 Zall [at
JalL nan

Call DAS

! LA47
23 CTALL DAY
CaLl. [AS
] .47
3@ il uUaAw
Tall Naa
J La7
IS5 Crbi, NAY
ALy, DA2
Catl. 043
J 4
42 Call DAy
J W87

45 Tall TAL
cCali, DAz

Zall [DAZ
AL hAg
! L7
46 Thli CwaEP (P, VAL LE)
PETH¢G

47 CALL PWRDAR (L, 21,05, 1E)
TALL L5TRA

TR
C SET OALL AMALRT VALUFS
48 VAL BEL0 /(12,020 012))

3::“(53

CLif, NWPR(P, VAL, TE)

227 (2

TALL CARRY (R, VR, TR
CzBLr)

FLLL CWPR(F, VAL, TE)
Pe (7))
J h
SA VIS0,
P
Call PUPR(P,VAl,TE)
Pz, (%)
CALL 2VPR({P,VAL,IE)
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;’:rv'(*\aDPNTtl,.\/spdg'
Vel eIty PSLL

RN D)

CALL l‘Vr"Q(r,\/k[_,IFﬂ
ValePl ) wPE () (60,295CL)
CPebBr (2

TALL SRR, VAL, TE)
‘/L'.‘:’:DCQ]+ﬂ,ﬁ/(FP(3)t1[\.f’)

Parn(a)

CeLl na»o(p VAL, IE)
Hiley,n H(l@)

Az (:)

TALL CVPRCF, Vi, TE)
D="‘(71

CALL CWER(P, VAL, 1E)
TALL LAY

CalL LAz

CALL MAZ

Lol oA

CrlL DA

Crtl 0as

CalL ONPDLR (A, L, 06,1E)
CHLL GSTDA
RRITEC(E,52)5NT,WPT,FCI, (PR(I),I=1,9),5CL,PR(I™)

52 FOPTAY(//10x, J1RGCIL VALUES/1EX, 3?7 2/10X%,3F7,2/10%,2F7,27)

'\‘_f..rk))‘
N

CUREMUTIMNE DAY
CEMESHL ER (L) J WP L, TCT, ST, URUT, SCL, 3CF, PAT(LO2), PN(13) , XNN(4),
e r3ay, FET(5) ,N2T, T4, £ (18),B(1d) ) HL,CGH(576),XL,XPS,TPL,YPS, TDX,
a8 rtr(5,12ﬂ3,1137C5)115“3(5)
TRER A wDRw e 2,Q/60040,
rclsz(Q)tDF~T'12.Q/624?.
TLXEPA (Y /500,
u(’\t'(rf?(") }.J (7))‘|DY/(FCI‘MPLJ)/:’cF
RETHRYN
£y

1
«
,,

SUATAUTINE DAD .
coHnay perny,ue FOT,SFT, DRUAT,SCL,3CF,PPT(1C0),PHLEC)  XNM(4),
TEL AR, FNT (&), M

I,
T PT NTH,ACLEY (1Y, HL,C0M(576),XL,XPS,TPL,YPS,TDX,

P1L"’(“r‘/5),IWST(J)'IQ? {8}
Ar20 = ({PR(7)=PR{0))I*TOX /WPI)/SFF

RETLRN
Fon

CLARDLTING RAY

CA I PR GNP, TET, 5T, NRNT, SSL, SOF,PPT(1E0), PN(12), XM (4],
SILCOICY FET (S, NPT, NIH, 0130 ,R (1) W NL,COM(E70), XL, XPS, TPL,YPS,TDX,
COCELT IR, 106, IN3T (), TANS(S)

AC3)==PR(7)4TDX/SCL

DET SR

V)

RUYILNETIMNE Dad

[DEARMEIAIN rQ(i’?,NFT,FCI,SMI.DRWT,SCL;SCF,pPT(100),PN(lﬂ),XNM(d),
ltrrrT"‘ FMY(R) NPT NIA, A (10),Bl1S) yNL,COM(378),XL,XPS, TPI,YPS,T0X,
PRAIA >Tg),12!),*“‘*(JJ,IA“S(s)

Af4)==T (A)«TOK/SCL,

RETUSN

5]
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1

SUBROUTIMZ §as

Fonr oy F?(l“),NPI,FCI,S”I,DRWT,SCL,SCF,FPT(IOZ),PN(IG),XNth);
LIFC (353, FaT(5) NPT, NTH, & (10) ,B(12) yNL,COM(S60) , XL, XPS, TRPI,YPS, TDX,
FTURETS, 122, I0ST(S), TAYS(5)

AtS)z FCI/SCL

SETURY

Enn

SHAFORTIVW NAS

oM O, FROldy,wPT, FCL, ST, 0RAT, SCL,SCF,PPT(1M3),PN(10), XNM(4),
JTEC OSSN ) FMT(8Y, IPT, NTH, 8 012),9(13) ) 1., COH(S576) , XL, XPS, TP, YP5,TOX,
CHUERY LN, 128, T95T(0), 1ans(5)

Al3Yys WPT/z8CL

RETURM

D
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SLARAUTING POSH
COMAY PR(L)"APT, FCT, SMT, DRAT SOL, SCF, PPT(160) ,PN(LID), XNM(4),
IFrer:,FrT(UJ.hpT,PIH,ﬁ(103,B(lﬂ),NL.COM(S76J,xL,xPs,TPI,YPs,Tox,
PSS TS, L2EY  L0ST(5), IANS(S)

PEIWT ALK HFADINGS

ITTOR, L)Y NDT, PR ()

FORMAT {141 /338K, 1 7HRUNDRE SIMULATION/34X,2HN=, 15,54 T= ,F6,0,
P TN/ X UR T, 5XG 3HPRT, 7X, 3P, 7X . SHINF ,8X, 24RO, BX, 25454, 7 X, JHCH
CanLt 2512(18)

LCHER PEX AND 3ET UP COLNTER

Caly nULAR(T40nea, 1E)

TRHITTIZLIZE ST TOTALS

Vnfizd, 4

VIVeea )

vieon=El 8

VEATen g

VoRGEA )

[

CALL nsCLy(tos)

UG FOR EACH INTEQVAL

ADERSCERES W ek

Ls I

3 NFT

ACT 227407

J LA

T PRTILY /8L

LA b

3 /1

QST 07410

A e

DPZRATI a0a 05 AFTET TRANSEER OF PT
TAL, SHIDAR(INY, N3, TR
RESTT OCLACK AnD ONTHLY INTREGR, KEEP PEN DORN
CAlL Y38 (' e3006,1%)
Cat, LaonyY (h)

Carle NSOP(1E)

e, «

Ly U

3 /7?2

LT el aYS

! .72

J ol

TATT DO Ful BOTwLISFEY
TALL LRLBRCISL, IR

toa 1A,

3 /2

30T 074y

] o

AL AN (I0)

TRAMSYFO R TR ANALDG
FA DR ADE (K, 9, 1E)
28T I, INTEGR, TO IC, XZIEP PEN D3HN

CilL LR (rSae0e, I
CCALL NRDLY (%)

La 1

Yewera
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PAsT e}
3 NET
SCT 741
J e
c IR MM A = PRINT INTERVAL VALUES

32 YDz (i) *scL
YaF NI wSCLL
VP = RO3) =82,
St o=~ (d)wSCL
YER=3 (5«50,
VET: PET(I)
VIPLHVIDDeVRD
YINFzVTHF+VNF
VYR2JzVEN+ YR
VoMeS!
VPRT=VPET4VPTY
YIRSV RDeVTH
ALITS (A, 171) I,YPT,VPN,YNF,VR,S8M4,YCR
FORPATL3%, T5,8F {1,2)
Y CONTINUE
C ANTTE DUT TUTAL STO24 3U'MS
AETANALR, DD YRPT,VINF,VIPD, VRO, VCROD
132 FORGAT (I /720X, 2245T3FY TOTALS  (INCHES)//20X,15HFRECIPITATION s,
L E LN, 2 /DY I SHINT ILTRATION B, F10,2/24Y, | SHINTER+DEPRESS "5,F13,2/
20X, TRHEUNCEF DEPTH 2, FU6,2///7720%, | 7HCHANNEL QUTFLOW =,F12,2/)
c LIFY UF PEM S0 TQ SET POT MNODFE
Cablll AWM Lad0y,I0)
CALL NG Y (163)
CAll RSSP(IF)
RETHRN
Fab

0 =
SR Y

-

s
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Table B-1. 1Input data information

Card Type Mnemonic Format Description
1 ITY, IFNT (215) ITY IFNT
1 1 Read initial - return
2 Read all data - simulate
2 1 Read soils - return
2 Read soils and storm - simulate
3 1 Read storm - return
2 Read storm - simulate
4 Simulate with present data 1
5 Do the interaction part %
H-
6 Do the interaction and quiz s
=
2 NPTS (15) Number of pots
3 PN(I), J=1, (20A4) Must read - PO Tentiometer names
NPTS
4 COM(I), J=1, (18A4) Comments to be typed out (32 cards required)
576
5 QUEST(K, J) (18A4) Quiz questions and possible answers. (5 questions,
I=1, 126 3 answers for each question. 35 cards required.)
K=1,5

w
o




Table B~1. Continued

Card Type Mnemonic Format Description
6 DRWT, (16F5.0) DRWT = Soil dry weight
PR(I),I=1,9 RR(I) = Parameters
1
1 Initial soil moisture, %
2 Initial IPD rate {(in/hr)
3 Time for IPD to decay to 1%
4 WP % moisture
5 FC % moisture
6 IO infiltration at dry soil
7 IM infiltration at WP
8 IC infiltration at FC
9 Rise time (minutes)
7 NPT, NIH, (215, F5.0, NPT = No, of PPT intervals
PR(9), FMT 5X, 10A4) NIH=1, PPT inches per interval
NIH=2, PPT inches per hour
PR(9) = Time in minutes per interval

FMT = Format PPT data are in

8 PPT(D),I=1, (FMT) Precipitation, data values
NPT

W
—
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2. Input Card Listing

9
POL3PULIPI2POISPOISPOIAPIR2RPY23PA2]

LAAR RS WILCCHME TO THE UTAH WATER QESEARCH LABOHATORYSHYBRID COMPUTING
FACTLITY, PLEASS TYPE YOIU2 FIRST MAME . THANK YOU TODAY WwE WILL BE US
ING & COMPUTER MODEL WHICH DESCKIGES THE 3TARM  RUNe OFF PROCESSES, AS Y
OU ART AWARE,RUNGFF CAN DBE CONSIDERED A5 & RESFQNSE OF A WATERSHED ¢
OR A FESPCNST 0OF 4 HYDROLOGIC SYSTEM) T2 A PARTICULAR INPUT FUNCTIQN,WH
ICH IS PPECIFITATION, THE RESPONSE FUNCTION , THEN IS CHANGED
IF ALTERATICNS 0OCCUR IN EITHER THE SASIC INPUT FUNCTIQN (PRECIPITAT
INN PATTERNY QR IN THE HYDRAILAGIC SYSTEM ITSELF, WE WILL BE USING A COM
PUTER  MOLEL CF A TYPICAL HYDROLOGLIC SYSTEM 70 [CEMONSTRATE CHANGE
S IN THE RESPONSE IR TAY JUTPUT FUNLTION THAT YOU wIll INCUCE BY INTRQD
UCTHG ALTERATIONS IN BOTH THS RYDROLASIC SYSTEY AND TYHE PKECIPITATION PA
TTERNS,STUPIES OF THIS NATURE ARE TERMED SENSITIVITY STUDIES BECAUSE THE
Y PFOVING CONSINERAALE INSIGHT INTO THE RELATIVE INMPORTANCE OF THE VAR
I0US FROCESSES IM HYIGRLY COMPLEYX AND INTERACTING  SYSTEMS,..,e
PARAMETERS WHICH WwWr WILL BF USING TODAY ARE
PAR ODESCRIPTINN
-2 RETYPE THISE (OMMEMNTS
-1 READ IWNITIAL DATA FEQM CARDS
INITIAL SOIL HOISTUWE PERCENT
TNTTTIAL INTERCEPTION PLUS DEPRESSION RATE
TIME FOR [PD DECAY
30Tl WP PEECENT MOTISTURE
OIL ¥C PERZENT MUTISTURE
IS/ INFILTRATION AT ORY STILCIN/HR)
IMPINFILTIATIGON AT WP (IN/HR)
TC,INFTLTRATION AT FC(IN/ZAR)
TIHE INTERVAL(MINY
RISA TIAZCMINY
CHANGE STORM JERTH
2 NOMORE CHANRES
I WILL Tv¢PeE PAR, VAL THEN YOU MAY TYPE WHAT PARAMETER ANO VALUE YOU
WAMT Mg T4 CHANGE, THANK YO,

—
DD N D Ul I e gV e

—
—

) GUESTTION=Y (2 PAINTS)
===WHAT 57T 0OF RFTSPOMSE WoULD YOU EXPECT TO SEE IN RUNDFF
IF ¥You DOURLE THE INITIAL 3CIL MGISTURE
AR RN} ANSWERS teh o

L=N0 CHANGE I'f RUNDFF

2«DECITASE IN EUNQFF

J=INCRTASHE N BEUNAFF

QUESTIOM=2 (2 P2INTS)

mmw) MILLICH GOLFERS WINT GUT TO THZ FIELD AND GOLFED FOR EIGHT HQURS
WHICH 0F TWE FOLLOWING WOULD BE CNRRECT
IR X'E R ANSWERS [ X R N

1=50LFFERS DIN NOT ALTER THE SOIL CONDITIAONS

2-BY COMPACTING THE SOIL,THEY IMNCREASED THE RUNOFF

3-1IT ¥A35 TOO CHOWDED,NO ONE COULD ENJAY HIMSELF,
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THEST I~ (2 POINTSY
~==S5AY W CUT Alp THE TOrES ,AtD DESYROY ALL THE PLANTS,
THIS R0 SOTTION OF dUkg wWnULD CAUSE
'R X% Y AHIWERS [ AN B XY
1 «JRASTIC THCFFASE IN RUNCFF
2=PLANTS AND TRIES ARE GOON ONLY FOR ZSTHETICS
J=N2 CHLNGE IN RUNOFF
NTUESTIOMN-a (2 POINTS)Y
we=lll GEWERAL,SURFACE RUNOFF WILL ONLY NCCiHR
AT THAT INSTANT OF TIME WHEN
(2 ER ANSWERS N
1=THE INFILTRATION RATE I5 GREATER THAN THE INTERCEPTION RATE
2=HUN NOoUulL) 1 KMNOV, ,
J=PRECIFITATION IS MORE THaN (INFILTRATIONSINTERCEPTIONSDEPRESSION)
QUESTTON~5 (2 POINTS)
e==wHICH OF THE FOLLGAING COMBINATION3 OF WORDS WOULD BE APPROPRIATE
TO USE IN THE ODEFINITION OF HYOROLQSIC SYSTEM
LX AR ANEWK RS LI XY
{«PRECTIPITATINON-WATERSHED=QUNOFF
25M.FERS=RMTN=3RASS
3=-NONE OF THE ABOVE

N
N

(93

40 20 R 25 42,35 45
15 1 3 (16F5,2)
56 23 ad 25 25 25 38 91 57 20 15 ie es

25,
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Appendix C

1. OQutput Symbols (Table C-1)
2. Sample Outputs

a. Digital
i. Comments and Quiz (Table C-2)
ii. Numerical Results of Simulation (Table C-3)

b. Analog
i. Graphs of Initial Data (Figure C-1)
ii. Graphs of Sensitivity Studies (Figure C-2) '"Responses
to parameter changes."

Table C-1. Output Symbols

Mnemonic Description
N Number of intervals (PPT)
T Time in minutes per interval
I Number of intervals (simulation process)
PPT Precipitation, inches per interval
IPD Interception, plus depression, inches per interval
INF Infiltration, inches per interval
RO Runoff, inches per interval
SM Soil moisture, inches per interval

CHO Routed channel outflow, inches per interval
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Table C-2. Comments and quiz

T IS TA THE L TAN WATER KLOHZARGCH LANCRATURY=HYFRID COMPUTING
FLCOILT v,  ©LFAaSY TYPE YOLUR FIRST NAME,
THAYY vry ADTF

TOAEY WP W T4l RE LUSING & COMFUTER MCOFL WHICH DFSCRIBES THE STORM  RUN=
JFF P LT La3bn, anIF A5 YUOU ARE AWALE,RUNOFF CAN BF CONSIDERFD AS
& ROSy 1sp oF A WATERSHED (CR A RELPINSE OF A HYDROLDGIC SYSTEM) TO

& PARTICIN A& TROUT FUMCTIAN,WHICK IS PRECIPITATION, THE RESPONSE
FUNCTIAN , THEN 1S CHAUGED IF ALTERATINNS OCCUR IN EITHER THE 34ASIC
IMPYT FUMeT I (FRECIPITATION PATTERNY OR IN THE HYUKULOGIC SYSTEM
ITSELE . w0 wWILL EE USTING A COMPUTCR  HO0EL CF 4 TYPICAL HYDROLOQSIC
SYSTED TG NEMONSTRATE  CHAMNGFES IN THE RESPONSE OR THE OUTPUT FUNCTION
THAT vOU wIl L IRCLCE BY  INTFODULZING ALTERATIONS IN BOTH THE HYODRQLOGIC
SYSTEr &Y™ THE PRECIFPITATION PATTERNS.3TUDIES NF THIS NATURE ARE TERMED
SEHSITIVITY STUDIZS BECAUSE THCY PROVIDE CONSIDERABLE INSIGHT INTO THE
IELATIVE TIRORTANCSE  OF THE VBRIOUS PROCESSES IN HIGHLY COMFLEX AND
INTER,; CTLIG SYSTEMS, e e

CUESTION=Y

~w=lid AT S0PT (F & H
IF YO Du3 s THE INIT
whEww LS wELS "R R
1=t CHAYIAE TN RUNOFF
2=NECRFASE Ih RUMOFF

I ACREAST TN =UNIFF

POINTS)Y
£ WAULD YOU EXPECT TO SEE IN RUNOFF
#, SOIL MOISTURE

2
~
Hey
T
A

YES ARIF ¢ YOUR ANSWER 1S CURRECT,

MESTION~2 (2 POINTS)

swef M TOY GPUFZRS WENT 0UT TQ AT FIELD AND GILFED FOR TIGHT HIURS
HHICH 77 798 FILLOYING WOuLD DE CORRECT
W rw ASUITRS R
1= FIRa DI 40t ALTEZR THI SGIL CONDITIONS
Q=5 TUOMOACTIMG THE 37IL,THEY INCREASED THE RUNOFF
JelT HAS TTU CRAGVOED,ND ONE CGULLD EMJOY HIMSELF,
YES ARTIF , YOUR AMNSWER 15 CORRECT.
QUEAT1IAIN=3 (2 POINTS)
=e=387 BE CUY OALL THE TRELDS L, ANC DESTRQY ALL THE PLANTS,
THIS S7IDE ACTTiO% 0F QLRSS WIULD CAUSE
VEkEwy ANVMSYTIRS b kWY
{=022A87TC [HOTEASYE T RUNDFF
AnUUNNTE L) TRTeS ADT GO2D CONLY FNR OESTHETICS
J="070 CHANGE IN RYNCPF
ND, Twz Aashel 153 i
RIFCERE S S EA (o 2OrHTE)
m~e=IN TEMIRL, SUEFACE WUMAFF WTLL ONHLY 0TCUR
AT Y%L' : ERELE S S TZ‘E 1JE”-‘v.'-'lnliinl|l'0ll.0\.
(R X X N R LR LR
TeT 4 TP ILTRAT IO PATE IS AREATEQ THAN THE INTERCERPYION RATE
I 2010 1 W S N 0 I

JerRCIIPITATION IS MORE THAN (INFILTRATION«INTERCERPTION+DEPRESSION)

YES 47T P YOI AMNUWER IS CURRECT,
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Table C-2. Continued
M ERTIT el (2 PATINTS)

SsemdHT T T e EEL UGN CONSINATINIS OF WURDS woULD BE AFPROPRIATE
TO NST 1% Tl DEFIMITION F AYDRAOLOH TG SYSTEM
X TR v\ O30T en [ TR

1wR I PP T TAT [, = HATERGHED =RUNOFF

275 ) T 8= A INeGwASS

J=n'E 0F THE AS0VE

YES A= ¢ YOUR ANSWER 15 CORRECT,

AT LF  YOUR GRACE 13§, 8
VERY (27D
PAIAMETIOS L ICH WE WILL BE USING TODAY ARE
pa~ DESCRIPYION
. RETYPRE THg3% COMMENMTS
-1 RCA0 IMNTTUAL DATA SROM CARDS
IHITTIAL SOIL HDISTURE PERTCENT

2 INTTTIAL INTERCEPTION PLU3 DEPRESSIAN RATE
3 [T FUgk TPO DECAY

1 37T, NFE O PERCENT MOISTURE

. SOIL FC PERCENT MOISTHEE

d IN,IRFILTIATION &7 DAY SOIL{IN/HR)

7 Ty INFILTRATION AT WP {IN/HR)

3 TC,TNFILTRATIAON AT FC(IN/HR)

< TIME INTERVAL(IN)
1o D18 TIME(HIN)
13 CALMGT STORYM DEPTH

NG MOVE THANGES

T wIbpL vyes PAR, val THEN YOU MAY TYPE WHAT PARANETER AND YALUE YOQU

¥n
WANT 55 TD CHANGE, THANK 04U,




Table C-

WONAOEDRB A -

3. RUNOFF SIMULATION
Ne 23 Ts 30,
PPT 1PD INF
56 18 21
.23 .02 -, %0
« @3 02 -,00
.25 «03 .20
.25 w014 v21
.05 01 , 03
.38 o 04 022
W91 ~-.00 22
.57 -ngg -22
-2ﬂ -.GG .19
.15 -'Ge .14
10 «,22 29
.05 -.09 o04
.00 =,09 -,00
.20 », A0 -, 20
.20 =-,00 -0
,C0 .00 -, 20
.00 ~,03 =,09
00 .30 =-,00
C0 «,00 -.03
.00 -,00 =00
00 =.30 -,20
00 ~,Q0 -, 20
STORM TOTALS (INCHES)
PRECIPITATION = 3,53
INFILTRATION = 1.79
INTER+DEPRESS = 28
RUNOFF DEPTH s 1,28

CHANNEL OUTFLOW

1.26

MIN

RO

14
-,00
-.Bg
=, C0

.00
-.00

14

66

33
LAY/
-,00
-,00
=0
-, 09
=,04
-, 0¥
-,00
-, 00
-, 00
-, 00
=,00
-, 0
-, 00

SH

1.64
1.64
1,64
§1475
1,86
1,88
1,99
2.18
2,21
2.31
2.38
2.43
2.45
2445
2,45
2,45
2,45
2,46
2,45
2,46
2.46
2.45
2,45

CHO

37
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Figdre C-1. Graphs of initial data.
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Figure C-2. Sample output for sensitivity studies (changes in channel
outflow due to changes in rise time).
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! Appendix D

Instructions Manual Prepared for

Undergraduate Hydrology Students

Utah State University
Civil and Environmental Engineering Department
CEE 443 - Hydrology

INTERACTIVE HYBRID COMPUTER MODEL
OF STORM RUNOFF

By
R, W. Hill
A, H. Atali
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PART I: BASIC CONCEPTS INVOLVED, AND GENERAL

INFORMATION ABOUT THE MODEL

Surface runoff from storms is a function of many things.
Various watershed characteristics such as vegetative cover and
soil properties influence the amount of water available for runoff.
Storm time patterns of precipitation intensity and duration influ-
ence the relative amounts of rain which are abstracted by the
processes of interception, depression, and infiltration,

The figure below (from page 168 of L., K., and P.) serves

to illustrate some of these basic needs.

L Channel pvrc.:/p//ahan/

fo-

Depth per unit of time

Time from beginning of roinfagll ————

Fig. 1 - Schematic Diagram of the Disposition of Storm Rainfall

Total Abstractions Rate

Precipitation Rate (PPT)

Infiltration Bate (INF)

Fig. 2 - Storm Supply and Abstraction
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The surface runoff depth becomes the integral of (supply -

abstractions) or:

RO=/(PPT_IPD__ INF)dt . . . . . .Eq. 1.

The shaded area in Figure 2 represents the surface runoff depth,
The precipitation values come from the particular storm data,
interception and depression from estimated watershed conditions
and infiltration rate from soil properties.
In this model the infiltration rate is considered to be

a function of soil moisture as shown below.

Infiltration Rate
(in/hr)

Dry WP FC
% Soil Moisture

Fig. 3

This figure is a linear approximation of the actual relationship,

The values of I,, I, and I, in (inches per hour) corresponding to

dry, the wilting point (WP) and field capacity (FC) moisture contents

come from data describing the particular soil used,




Computer Model

One result of developing hydrological system models on the computer
is the identification of significant physical processes. System para-
meter changes relating to these processes can then be made easily and

the effects rapidly determined.

For illustration purposes, in this model we shall deal only with the

Evapo-
transpiratlion

h

=-msmsmsssmssennsIIIEE 1 I :

f

Interception Slorage

A
i
Jv

Surface Inflow - ‘I Surface Qutflow
Surfacc Storage

el Ll

]
1
1
-

Rool Zone
Storage

Groundwater ) Groundwater Groundwater
Inflow - Storage ) Outflow

- Fig. 4

The basic concepts of the hydrological system were developed into a

model which was programmed on a hybrid computer. The hybrid computer is

composed of two parts: ‘A. Digital Computer: Data input into the digital
occurs through punched cards, magnetic tape, or from teletype. The digital
processes the data, stores the data, and transfers appropriate data to and

from the analog. The digital computer is a sequential machine which does

one thing at a time.

- v - o o v ety e e e D e .-
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B. Analog Computer: Analog computer is a parallel device in that
all computations proceed simultaneously.

Many of the processes which occur in nature are time dependent
and as such are differential in form. It is in the solution of
differential equations that the speed and parallel computation of
the analog computer is particularly apparent because it can integrate
the problem variables continuously instead of using numerical approxi-
mations, Visual output is obtained from the analog computer.

The Hybrid computer model provides the capability to examine
many possible alternatives in a short period of time. The operator
can vizualize results as being the actual dynamic responses of the
physical system under investigation.

Studies in which parameters are changed over a range of values
are called sensitivity studies. Hybrid computer models become
valuable aids in water resources planning studies which require the
evaluation of many alternatives. For example the model may take
only five seconds to simulate events occuring during a real life
period of four years.

Data Needed for the Model

A. Storm pattern with time

1. Time interval length

2. Total number of time intervals

3. Precipitation depth for each interval
B. Watershed and soil characteristics

1. 1Interception and depression characteristics
(initial rates (in/hr) and time to satisfy total storage

2. 1Initial soil moisture

3. Infiltration characteristics
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PART IT: NECESSARY DATA INFORMATION FOR THE MODEL

Comments

In the Appendix you will find some information on watershed and soil
characteristics (e.g. soil moisture levels at WP and at FC, . ., etec.).

Note

Consider soil to be three inches thick for infiltration control. Dry unit
weight of soils: Sand == 125 pcf; silts == 100 pcf (1 foot square surface
area by 1 fcot deep).

One set of data is required from each group. Punch your data on cards
(use KP 026) with the given format as follows:

Data and Format to be Used

Card No. Nata Format
1 Soil dryweight (1lbs. per sq. ft. for the top 3" of soil)
Initial soil moisture % 9F5,0
Initial IPD rate, in/hr. (punch
Time for TPD decay (min.) the
WP % moisture decimals)

FC % moisture

10, infiltration at dry soil
IM, infiltration at WP

IC, infiltration ot FC

2 Number of intervals in storm 15
NHI 15
Time in minutes per interval F5.0, 5X
Format PPT data is in (FMAT) 10A4L
3 PPT values According to
above specified
4 format (FMAT)

e.g. (16F5.2)
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PART III: INSTHUCTIONS MANUAT

Description of the lModel

A flow diagram of the various hydrologic processes which are
represented by the model is shown by Fig. 1.

PRECIPITATION

INTERCEPTION <%

INFILTRATION <

DEPRESSION STORAGF

N

/

RATE OF
RUNOFF SUPPLY

ROUTING PROCESSES

OUTFLOW
HYDROGRAPH

Fir. 1 = Schematic representation of watershed
for hydrograph synthesis.

Since both the interception and depression storage rates can be
represented by similar mathematical expressions, in the model they are
lunped together and called interception plus depression storage (IPD),
or retention storage, The mathematical expression used to represent the
combined processes is as follows:
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d(IPD) _ -K(IPD) . . . « v v 4w v o v v v v o v . (D

dt
in which:
IPD = interception plus depression storage capacity rates
K = a constant, representing physical characteristics of the watershed

foliage and ground surface.

Infiltration is considered to be a function of soil moisture and certain
other soil characteristics., A linear approximation to this function was
explained in the first part of this manual. The model was simplified by
considering the soil as a single layer composed of the top few inches of the
actual soil profile, The soil moisture level as a function of time {is
represented by the following equation:

SM = SMI +//kINF) [ /) |

in which:
SM = soil mositure level (inches of water)
SMI = initial soil moisture at beginning of storm (inches)
INF = capacity rate of infiltration (inches/time)

A function generator is used on the analog computer to provide the necessary
link between soil moisture and infiltration for use in the model.

Surface runoff then, becomes the integral of the rainfall minus
abstractions or:

RO= f(PPT - IPD = INF) dt. .« o e (D)
in which:

PPT = precipitation rate (inches/time) and the other variables are as
previously defined.

The digital computer stores characteristic data for the storm and soil
types encountered on the watershed, and also stores the text of the inter-
active conversation between the computer and the student, Digital computer
also transfers the precipitation rate for each time interval to the analog
computer,

Equations 1, 2, and 3 are solved on the analog computer. 1In addition,
the infiltration function is generated on this component. Whenever the
rainfall rate is less than the ptotential total abstractions, this rate is
decreased to match the rate of supply, thus, providing for proper mass
balance in the system.
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How to Operate the Model

On Fig. 2 the schematic representation of the hybrid computing system
set-up at Utah Water Research Laboratory is given. Your instructor will
load the program (from the tape) and check the system. You should then
read in your initial data (storm, soil, etc.) through the card reader
after the "welcome. . .etc." (see Fig. 4). Type your first name, and
space till two small lines coincide; then hit RETURN. This will bring
up the brief information about the model on the screen, and you will see
code number and description for each parameter involved as follows:

Par Description

1 Initial Soil Mositure %

2 Initial Interception Plus Depression Rate (Inches/Hr)
3

4

5

Time for IPD Decay (Min)
Soil WP % Moisture
Soil FC % Moisture
6 10, Infiltration at Dry Soil (In/Hr)
IM, Infiltration at WP (In/Hr)
8 IC, Infiltration at FC (In/Hr)
9 Time Interval (Min)
10 Change Storm Depth
0 No More Changes

~

To start with you may want to plot PPT, IPD, INF, RO functions as is
(with no changes). To do this, you need to type 0, then hit RETURN (after
pushing corresnonding relay function switch on the analog, e.g.: relay
function 00 for PPT, Ol for INF, etc.).

The main purpose here is to observe the system response (runoff) to
parameter changes (e.g.: if we increase the initial soil moisture, what
happens to runoff? MHow much effect does infiltration at WP, 1M, have on
runoff?),

To illustrate the procedure let us give you an example: Say the
initial value for WP is 29. Plot RO as is (relay function - no lights

on, type zero comma then hit RETURN). Immediately you will see the RO
function plotted as is. Let's change WP to 35. - to do this you need

to type 4, 35. and hit RETURN, (4 is the code number of WP, 35. is the
new value of WP). As a result you will observe the respouse to the
parameter change, graphically as shown on Iig. 3. This would be similar
to changing soil types and observing the runoff change as a result. At
the same time numeric values will be printed out by the digital component
(see table 1).

Symbols and their descriptions used in digital output are as follows:

I - Intervals

PPT - Precipitation

IPD Interception Plus Depression
INF Infiltration

RO - Runoff

SM Soil Moisture

N -~ Number of Intervals
T - Time Intervals (min)




Fig. 2: Hybrid Computing-System Set-up At Utah Water Research Laboratory
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Runoff Rate (inches/time)

LOﬂ

WP o= 29
RO = .80
we = 35
RO = 1.05
0.5
WP = 39
RO = 1.17
04 1 L)
0 3 6
Fig. 3 Time (hours)
Surface runoff as affected by changes of soil
wilting point moisture.
"Table 1: Typical Digital Output

RUNOFF SIMJULATION

N= 16 Ta 3g, MIN
1 PFT 1PD INF
1 2,22 W75 1,21 -
? 3.49 , 42 2,67
3 5,52 W23 2,14 J
4 7,70 13 1.69 5
5 4,00 , D7 $.59 2
5 1,09 , 24 ,94 -
7 3,58 22 $.59 1
8 3,50 .01 1.59 !
9 2,23 -, 07 1,59
10 75 -,07 73 "
11 .25 -~ 22 .24 -
12 2,00 -, 7 1,59
13 3,75 “, 47 1,59 2
14 4,52 -,02 1.53 2
15 2.27 -,02 1,83
16 30 -,99 .29 -

STGRM TOTALS (INCHES)

PRECIPILTATION = 46,15
INFILTRATION B 22.64
INTER+[EPRESS = 1,68
RUNQOFF DEPTH 8 21,656

RO

o H0
23
ey
95
32
ldl
.37
«33
039
1
vd'ﬂ
o1
3
47
o9

SM

1.58
2.92
3,08
4,14
4,14
4,14
4,14
4,14
4,14
4,14
4,14
4,14
4,14
a,14
4,14
4,14
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Fig. 4: Beehive Terminal Display

WELCOME TO THE UTAH WATER RESEARCH LABORATORY-HYBRID COMPUTING FACILITY.
PLEASE TYPE YOUR FIRST NAME
ROBERT +
THANK YOU  ROBERT
TODAY WE WILL BE USING A COMPUTER MODEL WHICH DESCRIBES THE STORM RUNOFF
PROCESSES. ROBERT, AS YOU ARE AWARE, RUNOFF CAN BE CONSIDERED AS A RESP
ONSE OF A WATERSHED (OR HYDROLOGLC SYSTEM) TO A PARTICULAR INPUT FUNCTIO
N, WHICH IS PRECIPITATION. THE OUTPUT, OR RESPONSE FUNCTION, THEN IS G
ANGED IF ALTERATIONS OCCUR IN EITHER THE BASIC INPUT FUNCTION (PRECIPITA
T10N PATTERN) OR IN THE HYDROLOGIC SYSTEM ITSELF. WE WILL BE USING A CO
MPUTER MODEL OF A TYPICAL HYDROLOGIC SYSTEM TC DEMONSTRATE CHANGES IN TH
£ RESPONSE OR OUTPUT FUNCTION THAT YOU WILL INDUCE BY INTRODUCING ALTERA
TIONS IN BOTH THE PRECTIPITATION PATTERNS AND THE HYDROLOGIC SYSTEM. STU
DLES OF THIS NATURE ARE TERMED SENSITIVITY STUDIES BECAUSE THEY PROVIDE
CONSIDERABLE INSIGHT INTO THE RELATIVE IMPORTANCE OF THE VARIOUS PROCESS
ES IN HIGHLY COMPLEX AND INTERACTING SYSTEMS.

PARAMETERS WHICH WE WILL BE USING TODAY ARE
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Figure 1-8.--Relation of total intake to time for three soils. A 3-inch
application is absorbed by the high-intake-rate soil in one-~third of
an hour, by the moderate-intake-rate soil in 1-3/4 hours, and by the
low-intake-rate soil in 6-1/2 hours.
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Figure 1-9,--Relation of intake rate to time for the three soils shown
in figure 1-8. At end of the 3-inch application, the intake rate in
the high-intake-rale soil has declined to 4.6 inches per hour, in
the moderate-intake-rate soil to 1.2 inches per hour, and in the low-
intake-rate soil to 0.3 inch per hour. :







Table 11.—Physical properties of watershed soils, H. J. Andrews Experimental Forest

Stones — I
Bulk | > 2 | Soil particles <2 ram. Pcho- Soil moisture Gt tensions of — Capil-. No?- Deten-
Soil series, horizon, density| mm, tation Total lary capil- P‘C‘h“. tion
and depth (per | (by Textural class rate T pore | poros- fory ton cspac-
cc.) l vol- I Sand Silt Clay h(PO; k& ! [ 3 15 space ity po.ros- ccf;.‘é.:' ity”
ume) ] our atm, atim, atm, arm. ity iy~
Per- Per- Per- Per-
Grams  cent Percent dry vicight fnches ... Percent dry weight ... cent cent cent Inches of vrater
McKenzie River:
Al, 0-4 inches 0.87 ... 239 41.7 344 shotty clay loam 149.0 29.42 31.70 23.82 17.80 69.7 22.3 474 076 1.63
A3, 4-9 inches 91 ... 225 41.2 36.3 clay loam 237.0 29.68 29.89 2376 17.87 66.7 26.2 40.5 1.23 1.73
B1, 9-21 inches 1.18 10 169 39.7 434 clay 149.0 30.91 30.09 25.59 2040 63.7 29.8 33.9 3.07 3.49°
B2, 21-33 inches .14 15 129 397 474 clay 22.0 34.99 3553 2893 24.21 63.1 342 289 3.57 3.02
B3, 33-43+ inches 1.14 30 109 36.5 52.6 clay (') 3792 4391 33.06 28.12 63.1 37.1 26.0 2.75 1.93
Frissell:
A, 0-5 inches 07 25 189 50.6 29.5 clay loam > 250.0 39.80 36.03 27.98 23.17 769 228 511 .66 1.96
AC, 5-22 inches 82025 197 451 352 clay loam 119.4 36.86 3392 2868 24.14 69.5 303 39.2 3.0 4.78
C, 22-31- inches 1.06 75 25.1 428 32.1 clay loam © 209 39.10 36.76 29.64 24.24 56.0 41.2 148 237 .85
Slipout: :
A, 0-2 inches (* 10 509 26.3 228 sandy clay loamn (') 3492 2953 25514 2254 627 314 313 .56 .56
AC, 2-9 inches 1.01 10 435 30.0 26.5 loam 299 28.50 2483 21.00 1846 &9.7 287 31.0 1.79 1.93
C1, 9-15 inches 1.13 15 51.9 2350 23.1 sandy clay loam 4.8 24,10 20.22 16.20 12,55 57.5 27.1 304 141 1.57
C2, 15-21 inches 1.24 15 53.8 257 20.6 sandy clay loam 6.8 2422 21.14 17.06 13.08 546 209 247 164 1.35
Alb, 21-27 inches .29 10 43.0 33.9 23.0 loam 1.0 27.14 23.12 1795 13.36 52.0 351 169 1.88 .90
A3b, 27-33 inches 1.25 15 39.2 35.2 25.6 loam 20 3011 2516 20.39 1559 47.8 377 10.1 194 .52
B2b, 33-58 inches .19 5 319 31.6 36.5 clay loan 13715 33.09 2730 23.60 5214 442 82 10.36 1.92
B3b, 58-67-- inches (") 10 29.0 33.3 37.7 clay loam M 35.11 32.21 26.50 22,72 51.6 42.1 95 343 .78
Budworm:
A, 0-9 inches J4 150 3605 37.20 26.3 sholty Joam > 250.0 37.20 33.60 2584 2200 9.8 274 424 207 3.20
B1, 9-20 inches B0 7 36.0 352 28.8 clay loam 60.3 36.20 33.62 25.05 2165 67.5 289 386 287 3.83
B2, 20-31 inches 1.01 3 273 459 268 clay loam 2.0 4071 36.23 30.55 2558 62.1 41.0 21.1 535 275
B3, 31-51 inches 96 156 275 473 253 clay lowmn 6.0 4537 40.21 33.10 27.92 640 435 20.5 7.99 3.79 w
C, 51-72-1- inches (') 80 27.8 488 23.3 clay loam (') 4991 4344 34.05 27.18 69.8 40.1 29.7 507 3.7 @




~ Table 11 (continued).

Stones!
Bulk | > 2 | Soil particles <2 mm, Per.co- Soil moisture at tensions of — Capil- No':'. cten-
Soil serics, horixen, density [ mm. | B lation Toelid volt Total lary capil- Rc-fcn tion
and depth (per by | A|r”“ i Textural class rare Mi:—'ﬂ T pore | poros- tary tion capasz-
cc.) vol- | Sand Silt | Clay {per /3 ! 5 15 space ity poros- |CCPO:' ity-
urme) hour) atm, atri, atm. atm ity ! ity
Per- Per- Per- Per-
Grams  cent Percent dry weight Inches ... Percent dry weight ... cent cent cent Inches of water
Limberlost:
Al, 0-5 inches 80 20 41.0 35.1 239 loam 55.3 39.19 3246 26.22 2396 67.7 31.5 36.2 1.24 142
AC1, 5-15 inches 91 15 36.8 369 26.3 loam 23.7 3510 31.38 27.68 22514 653 32.0 333 256 266
AC2, 15-29 inches 94 20 31.0 424 266 loam 9.0 38.19 33.78 2839 23.04 648 357 29.1 391 3.18
" C, 29-50+ inches (') 20 369 37.0 26.1 loam M 36.52  31.99 27.93 23.08 623 36.5 25.8 6.13 4.34
Flunky: .
A, 0-4 inches (") 65 334 458 208 loam ") 26.78 20.00 18.76 14.18 722 17.9 .54.3 360 1.07
C, 4-23-- inches (') 50 53.9 29.8 16.3 sandy loam M) 26.96 2092 13.64 11.73 66.7 21.6 451 2.00 “1.18

Unnamed soil from
mixed colluvium:

Al, 0-7 inches .88 15 364 364 272 shotty loam 27.2 3524 30.86 23.07 2091 77.0 203 56.7 1.09 3.05
A3, 7-12 mches J5 8 235 443 322 clay loam 54.2 39.82 36.12 27.80 23.21 714 30.0 414 1.29 1.78
B2, 12-31 inches Ji6 5 155 477 36.8 silty clay loam 4.3 4262 3820 3238 2759 673 324 1.9 6.16 6.63
B3, 31-51 inches 82 6 219 420 36.1 clay loam 12.1 4472 40.26 3437 31.65 69.5 37.1 324 6.74 5.83
C, 51-70 ¢ inches ('Y 15 252 43.3 31.5 clay loam (') 47.17 40.74 31.90 2873 69.5 39.2 30.3 4.66 3.61

Unnamed soil from
andesite colluvium:

A, 0-6 inches (') 50 429 335 21.6 loam (") 39.43 33.03 24.24 19.84 737 263 474 .55 1.00
AC, 6-15 inches (") 40 452 348 20.0 loam (") 3667 30.72 21.50 1896 69.5 246 449 81 1.48
C, 15-60 1 inches (') 40 422 362 21.6 loam M 23.68

35.76  30.07 19.82 650 322 328 495 5.05

tData unceailable.

Corrected for stones.
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