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GLOSSARY OF TECHNICAL TERMS

Discharge. The volume of water, in cubic feet per second, that passes a given
point and within a given period of time.

Drainage area. The area, in square miles, measured in a horizontal plane, which
is enclosed by a drainage divide.

DLTKR. A HEC-1 loss-rate parameter which is the amount of initial accumulated
rainfall loss during which the decrease in loss-rate coefficient is parabolic.

ERAIN. A HEC-1 loss-rate parameter that is the exponent of precipitation in the
loss function.

Excess rainfall. Volume of rainfall available for direct runoff.

Gaging station. A particular site on a stream where systematic observations of
gage height and discharge are obtained.

Hydrograph. A graph showing stage, discharge, velocity, or other property of water
with respect to time.

Inflection point. Point on the recession limb of a hydrograph at which the curva-
ture changes fron concave downward to concave upward.

Instantaneous unit hydrograph. A hydrograph of direct runoff resulting from 1 inch
of uniformly-distributed excess rainfall occurring instantaneously over the
entire drainage area.

Length. Stream length measured along the channel from the gage to the basin divide.

Loss-rate parameters. Variables which account for the difference between observed
rainfall and direct runoff from a basin.

iv



RTIOL. A HEC-1 loss-rate parameter that is the rate of exponential decrease of
the loss-rate coefficient with accumulated loss.

Runoff. That part of rainfall that appears in surface streams.

Slope. Main channel slope determined from elevation at points 10 and 85 percent
of the distance along the channel from the gaging station to the drainage
basin divide, in feet per mile.

Storage. The volume of water naturally detained in a channel.

Storage coefficient. Proportionality constant between storage and discharge at

the outflow point of a basin, a time characteristic of a basin indicative of
channel storage capacity.

STRKR. A HEC-1 loss-rate parameter which is the value of loss-rate coefficient
at the start of rainfall for DLTKR equal to zero.

Time of concentration. The time required for excess rainfall falling on the
remotest part of a drainage area to reach the outlet or point of discharge
on the stream.

Unit hydrograph. A hydrograph of direct runoff resulting from 1 inch of uniformly-
distributed excess rainfall occurring in unit time.

FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF METRIC UNITS (SI)

Multiply inch-pound unit By To obtain ST unit
Inch (in) 25.40 Millimeter (mm)
2.54 Centimeter (cm)
0.0254 Meter (m)
Mile (mi) 1.609 Kilometer (km)
Square mile (miz) 2.590 Square kilometer (km?)
Cubic foot per second (£t3/s) 0.02832 Cubic meter per second (m3/s)
Foot per mile (ft/mi) 0.1894 Meter per kilometer (m/km)



TIME OF CONCENTRATION AND STORAGE COEFFICIENT VALUES
FOR ILLINOIS STREAMS

By

Julia B. Graf, George Garklavs, and Kevin A. Oberg

ABSTRACT

Values of time of concentration and storage coefficient, two unit hydro-
graph parameters, are presented for 194 and 120 basins in Illinois, respectively.
Tabulated values consist of those computed by previous investigators as well as
those computed for 98 basins as part of this investigation. These additional
values were computed by calibration of the U.S. Army Corps of Engineers Flood
Hydrograph Package (HEC-1). The significance of differences in method used by
each investigator to compute these unit hydrograph parameters was evaluated by
statistical comparison of four sets of time of concentration values and three
sets of storage coefficient values. Because no differerce due to method was
identified, it is concluded that all of the values in table 1 in this report can
be used in any application for which time of concentration and storage coeffi-
etent are required.

INTRODUCTION

Time of concentration and storage coefficient are parameters used to model
runoff response of a basin to a given rainfall. A discharge hydrograph is
required in many design and management applications which, in addition to peak
flow, require knowledge of total runoff volume and its time distribution. Before
1978, values of the unit hydrograph parameters had been computed by Mitchell
(1948, 1954) and Curtis (1977) for some gaged basins in Illinois. However, the
definition of time of concentration and methods used to compute values of the two
parameters differed from study to study. Also, storage coefficient had not been
computed for all basins studied. For these reasons, and because of a need for
time of concentration and storage coefficient for basins not included in previous
investigations, a study to compile these values, to compute additional ones, and
to evaluate the compatibility of new and previously available data was done in
cooperation with the Illinois Department of Transportation, Division of Water
Resources.



This report presents a summary of previous work, description of methods used
to obtain additional values of time of concentration and storage coefficient, a
compilation in tabular format of previously available and new values, and a com-
parison of values computed by the different investigators.

PREVIOUS WORK

Values of the unit hydrograph parameters have been computed for streams in
Illinois as a part of several studies (Mitchell, 1948, 1954, 1972; Curtis, 1977).
Mitchell (1948, 1954) computed values of time of concentration for 77 streams with
drainage basins ranging in area from 9.81 to 3,090 square miles. Both time of
concentration and storage coefficient calculated by Mitchell for 28 additional
basins as supporting data for other reports (Mitchell, 1962, 1972) were presented
by Curtis (1977). Values for those 28 streams that have drainage areas less than
10.2 square miles are referred to hereafter as Mitchell (1972) data. Curtis
(1977) computed storage coefficient and a parameter related to time of concentra-
tion for 23 additional streams having drainage areas of less than 10 square miles.
Locations of gaging stations used by Mitchell and Curtis are given in figure 1.

For Mitchell (1972) computations, time of concentration is defined as the
time between the end of the excess rainfall and the inflection point on the
recession 1imb of the discharge hydrograph. Times of concentration computed
earlier by Mitchell (1948, 1954) were taken to be the time difference between the
center of mass of excess rainfall and the center of mass of direct runoff. The
time parameter computed by Curtis (1977) is the time base of a triangular trans-
lation hydrograph (TC). That value is not directly comparable to the time param-—
eter of Mitchell. 1In this study, Curtis' values were converted to values of time
lag (TL) by the relation (Lichty and Liscum, 1978),

TL = (TC/2) + KSW, (1)

where KSW is the storage coefficient determined by a U.S. Geological Survey model
(Dawdy, Lichty, and Bergmann, 1972). This time lag is the difference in time be-
tween the center of mass of excess rainfall and the center of mass of runoff
(Wibben, 1976) and therefore is the same as Mitchell's (1948, 1954) time of
concentration.

Mitchell's (1972) storage coefficient, k, and Curtis' (1977) storage coeffi-
cient, KSW, each represent the relation between storage and outflow for a basin.
Clark (1945) defined a storage coefficient, which he called K, as:

K = Q4 / (dQ/dt), (2)

where Q; is the discharge at the inflection point on the recession limb of the
discharge hydrograph and dQ/dt is the rate of change of discharge with time at
that point. Equation 2 is derived from the Muskingum routing equations assuming
linear storage and solving at the time when inflow is assumed to have ceased.
Mitchell's k, Curtis' KSW, and Clark's K are equivalent.



Values of time of concentration and storage coefficient computed by Mitchell
and Curtis are given in table 1.

PRESENT STUDY
The Rainfall-Runoff Model

Times of concentration and storage coefficients determined in this study were
computed by calibrating the U.S. Army Corps of Engineers Hydrologic Engineering
Center (1973) flood hydrograph package (HEC-1). Selection of basins for model
calibration was based on the availability of data from suitable runoff events.
Basins selected ranged in drainage area from 0.45 to 362 square miles. Location
of gaging stations used for calibration of the HEC-1 model are shown in figure 2.

The HEC-1 program uses a lumped-parameter approach to modeling runoff. Model
parameters and rainfall data are considered to be averages for each basin. Be-
cause the model makes no provision for recovery of soil-moisture capacity and no
accounting is made of rainfall losses, the program is appropriate for single event
simulation only. The main components of the study program are described below.
The reader is referred to the HEC-1 users manual (U.S. Army Corps of Engineers,
1973) for a comprehensive description and explanation of the program.

Instantaneous Unit Hydrograph

The HEC-1 program uses the Iinstantaneous-unit-hydrograph concept and linear-
routing scheme described by Clark (1945) to compute a discharge hydrograph from
excess rainfall and to route it through the basin. Two basic assumptions of
Clark's method are that rainfall is evenly distributed over the basin and that
channel storage is linearly related to discharge at the point of basin outflow.

Clark's (1945) time of concentration (T) is defined as the time from the end
of excess rainfall to the inflection point of the recession limb of the discharge
hydrograph. This is equivalent to the definition of time of concentration (TC) in
the HEC-1 model and is intended to represent the time required for a drop of rain
falling on the most distant point of a basin to reach the gage. The storage
coefficient, R, in the HEC-1 model is equivalent to Clark's storage coefficient,
K, defined in equation 2, and is measured in units of time.

In Clark's method, the time of concentration and the storage coefficient are
used to construct the unit hydrograph and route it through the basin. A time-area
curve provides the means for translating runoff from incremental subareas to the
basin outflow point. The time-area curve is developed by dividing each basin into
zones separated by lines of equal traveltime to the point of basin outflow. The
area of each zone is measured and tabulated cumulatively for each incremental zone
from the gage to the basin divide.



Determination of Excess Rainfall

The exponential-loss option of the HEC-1 program was used to obtain excess
rainfall from the observed rainfall. A loss function with four adjustable parame-
ters (RTIOL, DLTKR, STRKR, ERAIN) is used to calculate rainfall losses. For a
given time interval, losses are computed by multiplying a loss-rate coefficient by
the precipitation raised to the ERAIN (dimensionless) power. Excess rainfall is
computed as the difference between observed rainfall and computed losses for each
time interval. The loss-rate coefficient, which is a maximum at the start of
rainfall and decreases with accumulated loss, is dependent upon RTIOL, STRKR, and
DLTKR.

Optimization Technique

The HEC-1 program uses a nonlinear optimization algorithm to calculate
parameters. The algorithm minimizes an objective function equal to the square
root of the weighted squared differences between observed and computed flows.
Weightings are computed to give greater importance to higher flows.

Determination of Model Parameters

Event Selection

Daily discharge records were reviewed to select the initial runoff events.
The period between November and March was excluded to avoid complications of
frozen ground, snowfall, and snowmelt. Temperature records for the fall and
spring were examined to ensure that both snow and frozen ground were absent.
Because of the assumptions and limitations of the model, discharge hydrographs
chosen were isolated events whenever possible. For gaging stations with 10 or
more years of stage record, six to eight runoff events were used in the calibra-
tion (table 2). A few of the stations included in the study had less than 10
years of record, and four or five runoff events were used.

Rainfall data were obtained from the National Oceanic and Atmospheric
Administration publications 'Climatological Data'" and 'Hourly Precipitation Data.
Data from USGS (U.S. Geological Survey) rain gages were available at some sites.
Rain gages for each basin were chosen to define the spatial and temporal distri-
bution of rainfall. Because temporal distribution of rainfall is an important
input to the model, two or three rain gages with hourly data were selected in or
near the basin. Two or three additional gages, in or near the basin, for which
total storm rainfall is available were selected to better define the spatial
distribution.



Model Calibration

The following procedure was used to calibrate the model for each basin. A
time—-area curve was developed using USGS topographic maps as a base for subdivid-
ing the drainage basin. For each runoff event, weightings were assigned to total
storm rainfall on the basis of distance of the rain gage from the basin center and
areal distribution of rainfall. The weightings are used by the program to compute
the total basin-average rainfall (U.S. Army Corps of Engineers, 1973, p. 5).

Gages with hourly data were weighted on the basis of spatial and temporal distri-
bution of rainfall, and weighted values for each time interval of rainfall were
used by the program to distribute the total storm rainfall in time.

A two-stage procedure was used to obtain optimum basin-average values of the
two hydrograph parameters, TC and R. First, optimum values of each of the six
parameters (TC, R, ERAIN, RTIOL, STRKR, DLTKR) for each runoff event used in
calibration were otained by allowing the values of all parameters to adjust to
reach an optimum value of the objective funtion. Results of that initial run were
examined for errors in input, for the possibility that values obtained are local
rather than global optimum, and for the suitability of rainfall weightings.
Second, event-averaged (basin) values of TC and R were obtained. Loss-rate
parameters were fixed, in turn, in the following order: ERAIN, RTIOL, STRKR,
DLTKR. As each successive parameter was fixed, values of the remaining loss-rate
parameters and the hydrograph parameters were allowed to change to reach an opti-
mum value of the objective function. Once fixed values of all loss-rate parameters
were determined, both TC and R were fixed at values found by averaging over all
events. TC, R, and, in some cases, DLTKR, were given final adjustments to reduce
the average difference between observed and computed peak discharges, total runoff
volumes, and times of peak discharge as well as to improve the visual fit of the
observed and computed hydrographs. Values of TC and R computed in this way for
98 gaging stations are given in table 1. The average errors in peak discharge,
runoff volume, and time of peak are given in table 2.

COMPARISON OF DATA SETS

In all studies presented in this report, time of concentration is a measure
of the time lag between rainfall and runoff. However, times chosen to represent
rainfall and runoff have differed from study to study. Both the HEC-1 and
Mitchell (1972) times of concentration are defined as the time difference between
the end of excess rainfall and the inflection point on the recession limb of the
discharge hydrograph. In Curtis' (1977) work and in Mitchell's (1948, 1954)
earlier studies, time of concentration was measured between the center of mass of
excess rainfall and the center of mass of the discharge hydrograph. Definitions
are shown graphically in figure 3.

Storage coefficients computed in this study, in the Mitchell (1972) work, and
by Curtis (1977) are all defined by equation 2, although the symbol used has varied
from study to study.



In addition to the differences in definition of time of concentration
(described above), each investigator used a different method of computing the unit
hydrograph parameters. Mitchell visually inspected each hydrograph and from it
selected points used in computing the parameters. In Curtis' work and in the
present study, parameters were computed by the optimization techniques of a USGS
rainfall-runoff model (Dawdy, Lichty, and Bergmann, 1972) and the HEC-1 model,
respectively.

Four sets of time of concentration (Curtis, 1977; Graf and others, this
study; Mitchell, 1948, 1954; Mitchell, 1972) and three sets of storage coefficient
(Curtis, 1977; Graf and others, this study; Mitchell, 1972) were compared to deter-
mine if different computational methods and definitions produced significant
differences.

A direct comparison of parameters was not feasible because few sites have
values computed by more than one method. An indirect approach based on the rela-
tionship of each parameter to basin characteristics was used for the comparison.
Length and slope were found from step-backward regression analysis to be the
basin characteristics most significantly related to time of concentration and
storage coefficient. The relation between each parameter and length and slope was
used as the basis for comparing four sets of time of concentration and three sets
of storage coefficient. Dummy variables were used to quantify the effect of
definition and method on those relations. The model used to compare the time of
concentration is given in table 3 and the model for storage coefficient in table 4.

The results show that coefficients bj through by; (table 3) and bg through bg
(table 4), when tested at the 5 percent significance level, could not be distin-
guished from zero under the null hypothesis. Variation within data sets is large
enough to obscure any differences between sets caused by method differences.
Therefore, all the data sets can be considered to come from the same population,
and any of the values listed in table 1 can be used in any application requiring
those unit hydrograph parameters.

SUMMARY AND CONCLUSIONS

Unit hydrograph parameters time of concentration and storage coefficient
determined by three different investigators are tabulated. Table 1 includes time
of concentration for 194 gaging stations, ranging in drainage area from 0.02 to
3,090 square miles, and storage coefficient for 120 gaging stations, ranging in
drainage area from 0.02 to 362 square miles.

Values of the two parameters computed with the U.S. Army Corps of Engineers
flood hydrograph package (HEC-1) as a part of the present study were compared
indirectly with those computed by previous investigators. Analysis of covariance,
based on the relationship of each parameter to channel length and slope, showed
no significant differences among the four sets of time of concentration or among
the three sets of storage coefficient. Therefore, times of concentration and
storage coefficients computed by any of the three investigators can be used in any
application in Illinois for which values of those hydrograph parameters are needed.
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PRECIPITATION

DISCHARGE

«—1TC and T—

e—1 Ond TL——

EXPLANATION

D = Duration of excess rainfall

TC =
T=
t =
TL =
e

Time of concentration (Graf and others, 1982)
Time of concentration (Mitchell,b 1972)

Time of concentration (Mitchell, 1948, 1954)
Time log (computed from data in Curtis, 1977)
Center of mass

Inflection point

TIME

Figure 3.--Definition of times of concentration.

14



*TTI ‘19WOH 183U 19ATY UOTTTWISA }I0f ITeS s paystiqnd A[snorasig ,
*TTI ‘eueqin 3e jIog 3ITes Youelig 3Isay se paysyirqnd ATsnotadig |

- *ITI ‘oTTTAUBQ 1ESU

————— === Q' -~ ————- 0L'T =—=—=— T2°¢ T2 °¢e Te T Axeingril I9ATY UOFTIWASA NI04 YIION QO0BBEECE0

- - === —-—=-= 08°99 06°89 1°'¢e 666 *TTI ‘UurT3e) I1eau ADATY UOTTTWIDA (QOSBEEEO

11°2 VAR -—~- 01°C 66°¢ -—— ——— 0g°¢ 18791 0¢°¢ *TT1I ‘upl3e) Ieau A1einqral qIog ITBS (QOIBEEEO

————— === -—— - 06°0S 0L°GY T0°¢ vhe N.HHH ‘18WOH aeaU JI04 3ITBS (QO08EEE0

—_———— ———— ———— —me—= ————— ———=- (09°17¢ 08°9T1 6G6°C 9 TL N.AAH ‘eueqap e ydurlg SUTTBS (00G/EE€E0

00°¢¢ —-——-——- ———= BL'CT === mem— e 0¢ "% 6%7'¢ 7€T *ITI ‘ydasor *35 aesu q104 3ITBS 0069EEE0

06 ¢ —-———= -—-—-= 0077 === —=—-= @ ————- 08°'TT 6°9 0°<¢ *I11 ‘oewmojog 3Je j}99I1) sseildanig 00G9EEED

‘TTI

mmmmm mmmem GE'T mmm== —=——= Q7€ ====-  9T'Z7  T0°TZ  SO'T ‘uolxeq 1esu AIBINQFII Y23ITQ inog 314 OOTIEEEO
W @ W W oW @ Gw gy @ ‘o
S _.— —.ﬂv F—. —.m .—,. M eaile ausu _.wo._uu.mum N

g MSI A oL 1L € 3 yaiduag adols uotrjels

a3eutreiq

(19ded sTY3l “sS19Yyjlo pue jB1H) IJUSIOTFFS00 398e103IS = Y

(LL6T “STIAN)) IJUSTOTJJ200 93v103IS = MSYH
(LL6T “sT3any ur paysITqnd ‘z/6T ‘TT3YDITH) IUSTOTIIS0D 98BI01IS = )
(1sded sTyl “sisylo pue JerIH) UOTIBIIUIDOUOD JO BUWTI = )L

(L161) sT3an) woay T uorienbs £q pelisauod 3er awrl = 7L
(£L6T ‘stian) ur paystrqnd ‘z/6T ‘TISYO3ITH) UOTIEBIJUSOUOD JO BWII = [
(#56T ‘8%6T ‘TTYOITH) UOFIBIJU3DUOD JO 3WIF = 3

*T uotienba yifm 3T swWrl 01 PS3IlAUCD SINTBA )T ,STIIN) 91e I PITaqe]
uwnyod aYyj UT S$3NTeBA ‘POITO siojeSTissAaul o9yl Aq pasn asoyl aie 2]qel] 3yl uy sidjswered ay3l AITIUSPT 03 pasn sToquig

*S30Ua193JTP 2yl I03j Junodoe yidus] pue eaie adeurelp jo suorieindwodsy -103183T]SIAUT YOBS I0J IpEW ST £IJU3 UuE
19JJTP SonTeA 219YM °S103BB[ISOAUT uaam3Iaq IA9IITP yi8us[ Jo eaie afeufeip jo sanfea paystiqnd a13ym 3dooxa Lijus ITBurs B se
P231STIT 218 JUSTOTJ3F900 28BI03S 10 UOTIBIJUSDUOD JO awfl paindwod sey I031eJTISSAUT 3UOC UBY] aXow YITym 103 sufseq paden

‘2doTs JOo sonTeA [TB JO 22IN0S 9yl °13M SITIJ £9aing TedT307099 °S*nN  *(96/.6T ‘®6/6T) ATESOH WO1J PSUTEIQO DIIM SINTEA

y3a8uaT 1943o [TV °21qeI Iy3 Ul papn[ouy 218 sanTes 3Isoyl pue ‘yijgfual jo sanyea paysiiqnd (g4eT) TISY2ITKH '®IBP pPaystTqndun

A1snotaaad 103 (q6.61 ‘BP6/6T) ATeSH WolJ 10 (//6T “STAIND HGeT “8%6T ‘TITSYOITW) I03e3TISaAuT yoes jo jaodax paysiTqnd ayjl

Wolj paufelIqo 2I9m SINTeA Bole s3eurelq 'UTseq Yl 9zTISIVBABYD 19Ylinjy 03 palsIT] osTe aie 3de3 ayj saoqe adors pue ‘yjduay
‘esae adeurelp ‘sweu uoyiels -iaqunu uoriels Jurdeld Laaang TedTZ0T09H ‘S JO IBPIO UT PIISIT IAB STQEI dYI UT SINTEA

Swealls STOUIT[I 103 SaNTBA JUSTITIF90D 33810315 PUB UOTIBIJUIDOUOD JO SWII--°T 3TqEL

15



*TTI ‘XOOTTM 38 I2ATY YseqeM 3TIITT se paystiqnd A{snoraaag
*suoTieindwodal JO ITNSaI B S pasTaal A1jusnbasqns anyep x

————= %¢'Q ———= ———— 60'T === - IT'1 $9°/8 €y 0 ‘TT1 ‘moTaEl 1BAU Y991) Iay3jeof 93ITUM QSH08EE0
————= 60'0 —=w= ~—=== 9H'Q === -————  (0%°'0 9L°86 80°0 *ITI ‘ednl xedu £IvINQTII Y931l sung (Q0E08EECO
e em—e— G[0Q ————= ————— 0G'7 -  I9°1 90°9¢ 91 *TITI ‘waTes 3s9M I1BdU I31) UIPPEW  (0S96/£€0
¢TI
—mme= mmmee cmem emee— ———ee ———— 0970/ 08°'80T T0°C 0T T ‘4310 AeTD moTaq ISATY YSBQEM ITIITT Q0S6.LE€0
‘TTI
————— ————- 9h* T ————- -———=- 5T ---—- 0872 65761 79°1 ‘unolday 3 LI1BINQTIAI HO91) PUOIAS (S9Y8/EE0
“ITI
00°¢T =-—---- --—- 88'/(C - 08°%€  wE'S ove ‘wey3ur3IIY I1BSU IDATY Yseqeym 2TIITT GEYRLEELO
memee —mee— o= 01°C9  09°ZE €8°T €z “TTI ‘sumoig 1® ¥@21) seduog (008LEED
“TTI
————— mmme e e ————— —e—= Q'€ x0L°EY E€E'Y *0€ ‘3uoTqQ 1eou I9ATY seaiRqUY NI0g YIION
“TTI
I1'6T -———— ~---—- 00709 - OIS g£E'Yy 6T¢ ‘8uoTqQ aedu I9ATY seaiequy YIog YIIoN (Q0097€€0
0%'89 00°LIT 8S'T ovs‘T *TTI ‘STIeK 935 3B I2ATY SBIIRQUI (QQSSHEEO
——me— ————= 86°7 mwm=— ————— 8GC —————  x8G'Y €L°ST 9L *ITI ‘4Aese) i1edU 3221) 23uey
GZ'T  ===== ==== GH'[  mmmme e emeee (9% €1°6T T19°L *ITI ‘A9se) ieau 291D 23uey (QSHHECO
*TTI
m—mem 99T === ————— 9@'T =~—— ————= 8€°0 TS 0T 80°0 ‘dnueday aedu A1BINGTA) IIATY serazquy (QSTHHECO
0Z°'%9 0QT'€L €S'T €06 *TTI ‘BUOTQ JBdU I9ATY SelIBqUI (Q00%HE€0
00°'S7 ——=== —-=—-= 00°'%S 0S°LZ 96T 98T *TTI ‘oB3iewe) IE9U I9ATY SeIIRqUY (Q0KEHLEO
*TII “strodeuuy
————e e——-— 670 ————= ==e=- /2770 —————  0£°0 082§ %00 aesu £1BINQTI] YS9I) UCOIIEY (QQ06TYEED
————= mmem —eee 09°LS 00°8L 27°¢€ 08Z7°1 *TTI ‘9TTTIAUB(Q 1BDU IJATY UOTTTWISA (Q0Q06EEE0
W W oW @ W @ W w way e -on
Sus ado eaae aweu uoTle1S
p: MSH 3 o1 11 L 3 y3jsua] 18 oeuTEq uoTIEls

panuyjuo)--swesils STOUTTTI 103J SanT2A

JUBTITIFP00 98BIOIS PUE UOTIBIFUIOUOD JO SWIL--*T 9[qBl

16



*suotieindwodaxr Jo 3[Nsal B st pasIaal A7lusnbasqns antep

————= -——— (00°ST OT'I% €6°'0T *7HT ‘ITI ‘a@souey Ieau 19aTY ®Tddy
08°01 ---== ==—= Q0'Y] =-==—== ===~ -———- 0T'I%? €6°0T YT ‘T11 ‘a9aouey 1edu 13aTy 97ddy  0006T%S0
“TII ‘punop
..... 70 e ——=—— HT'T === —e———  IG°T [8°LST 98°0 §aTeDS aedU AIEINQTI] A391) TITH 0088TYSO
007 ————- ———= 0§'Y  mmmmm mmem ——m—e 0S°%T  T16°'8T 9°6¢ *TT1 ‘99UTwoud)y 1BIU I3ATY BMBUTSUTS (Z8%T%S0
mmmm— emme— Q%0 meme— ————- ¢8°0 =----— 08°0 86°0YT  LZ°0 ‘TTI ‘3eOy) 1Bdu A1BINQTII YI23TQ O 00ZZTI€0
..... —————  —==m em——— ————— ———— (08°'6S  06°SE 69°C A4 "TT1 ‘uewiog 3 IdATY 3YdB)  (Q00ZT9€0
06'T -————— ——— 02'T -~ —— - 0¢'9 %2°6¢ £€6'6 *IT1 “sSutadg uoxT(g ae3u }391) I1¥3NS (00S98EELO
00, ——=== ==== 00°0T =----- =--—= =-—==—  00'CZT #%%'1C T°61 *TT1 “®TepusTn e 3991) sakeH (00SBELO
€2’ ----- e YA T 0¢°'%T  €7°91 6°TY *TTI “STITALPPH 1®AU Y8al) SN (SHY8EE0
GL'S  =mm=- ———— 0%/ 0€°S 6%°S2 16°8 ‘TTI ‘Aartenbg 1esu 3oa1) a18®d (0TSTYEE0
..... ————— —mm— —m—em —mmee ———— 0£'9/ O%°SL  TT°E 0%0°‘T *TTI ‘uoTidunp Iedu IDATY SUITES (05Z8EE0
8  —m——e ———=  IH'G - - 08'8 9121 € €1 *TTI ‘odaey Jeou 3291) Aysnig (OLTZ8EE0
*TTI ‘STIIK
00'02 ----- ——== 06'6T -———= ==w= ——===  09'T% 9Z'% YT I9Tade) 1EDU I3ATY SUFTES 10 yanog (QTZ8EE0
‘111
090 —--—-- -——~= OT'T =—-——-— —_——— e 09°T 08°'1% YT ‘s3uradg Te9I) 1esu 9919 ®BUEB) S[IITT SHOZYEEO
‘TTI “@1TTAR309H
—e==~ 06'Q -—-= --=—= 87'T -=-—— ---=-=  €1'1 06°GL 6’0 Jedu A1eInqTil 991D SUTITES STIITI  SZOIYEE0
*TTI ‘usABH MON
——=== T2'0 -—-== —==== 09°0 =--= -———- 29°0 9,68 91°0 Jedu AA1BINQTAI I9ATY YseqeM ITIITT (09T8EEQ
mmmmm mmmme memm —mmem ——ee- ———— (00°8€C 00°8%T 9T°T 060°¢€ *TTI ‘Twae) 3e I9aTy Yseqem 9T3IITT Q0ST8EECO
——mm— mmmme mmmm mmmem ——mee —eee OR°%G Q9°%Y 067 T SLYy *ITI ‘431D sudep 3e yiog I9TTTIS 00G08EE0
09°'¢T --——-- ——== 0§°'TE —==—= ==—=— -———=—— QO%°'G7 LO'¥ L6 *TTII ‘soua3y I1eau }931) 3sIOH G/%0BEED
W W oW W @ W @ Gw (may @ “on
4 Suo sdo POle JWeu uoT3je]g uo e
h: MSY | o1 11 L 3 y3iduag IS Sgeureiq Tielg

panuUIlu0)-~SWEII]S STOUTTTI I0J SSNTEBA

JuUaTOTIJ202 93vl103S puUR

UOT3PAJUIIUOD JO SWIL--'T °Tqel

17



*suorleindwodal

JO 1TNS91 B SB PISTADI LJjusnbasqns anyTep y

-==-= 0.'9T 01°9¢ 16°¢ €T *ITI ‘UOSTIION 1EBIU YIAID Ho0¥ (Q0SSHYSO
---- 09°€T «08°'%E 8T'% *€GT *IT1 ‘©s01uad IBaU YI9I1) UIOYATH
GE* LT -———— ---- 0°'8 - 02'9¢ 8T'¥% 941 *TITII ‘®soluag eau ¥331) uwIoWId  000%%%50
—mmmm tmmmm mmmm e —meem ———— 07762 00°LT LTS (T4 *TTII ‘I93ua) 33eTg Apau IaATY 93IL  000TH%S0
-—-=- 0%'8 09°1¢ S9 01 701 *TTI ‘IS9ATY JedT 3B I9ATY 3IBdT (000TH%SO
*TTI
=== —==== Z2°0 ~-——= ——=== €670 -—--=  18'0 YT 99T ST°0 ‘uojsaliog 1esU LIBINGTAI I9ATY JEIT 0060%7S0
———— m———— ———— - 0L°TZ %09°0Z %€°9 *YTT *TITI ‘293U8) 90IUCK IBBU 931D YONqTITA
8T'6¢ -—-——— =--—= G0'CT =---—— --—= -————=  Q£°97 %£°'9 LTT ‘TII ‘393uS) S01uUOK IBIU }33I) YONQTITH  00S0%YS0
~mmmo dmmmm —eee —meme —emee ———— (0879E€ QT'L% L0 060°T *TII ‘STITAL1Iag 1Bd2U JIDATY 99nemysTy (0000%%50
‘TTII ‘Susal aeau Lieinqril
v/°0 080 ---—— €T TL'T —-——— ---—=  20°T GL €S LT I9ATY 29YNBAUSEN Youelg yinos QGGEEHSO
*TTI ‘STepareq
e e e 01 A ¢ | S YA L B A A 4 98¢ JIB3U ISATY 99 NBMYSTY Youelg yinog (Q0S6£HS0
*TTI “qT®X °a
———m= m=mm— —mem mmmem —eee— ———— (00°0E 09°8T  96°C 0°0L JB I3ATY 99YNEMUSTY Yoduelg yinos (O06E£HSO
‘TTI ‘BITEBH 189U ISATY I9YNBMYUSTY
8L'0 G9»°'T -—- TW'T 16'T =-—~ --——=- 0£°'C L 8T L9°T youeag yinog yo youeig I3TPPTH (0SBREHSO
mmmmm mmmm— eemm —mmee e ———— (0G°€2 00°GE 65°Y 949 *TTI ‘2I9pTIATad I® I9ATY 98ynemysyy 00S8EHSO
00'8¢ ----- ---- 00'(1 ---—- =~-== =-————  0€°'9T TL°S 1°68 *TTI ‘4A9TTY 1B }¥931) u00) (GZBEHSO
..... --=- 012/ 01'68 19°T 0£E‘T *TTI ‘310des1j 3 I9ATY BOTUOIBOIJ 00SSEHSO
————= —==== ' —--m= —-=—- I9'T ----- 01°C 06'0% €T *TTI ‘mOTSUTM IBDU 331D IEP3) (000SEHSO
*ITI ‘euueAaeg
——— mm——— ———e 00°27 08°TIE SS'9 1€T igsu }@s1) [[0iie) MOTaq ISATY WUNid 0000Z%SO
(,Tw)
W) () (w W w W 1G] AMHW AMMMumV 510 sweu uoTIEIg "oN
¥ MSY A oL 1L L gl y23uag TS s8eureiq uoTI®3S

pPeNUTIUO)--SWEDI]S STOUTITT] A10J SONTEA JUITITIJ20D 98eI0JS PUB UOTIBAIJUIDUOCD JO JWIL—-'T SIqeL

18



+suorjeindwodaa Jo 3TNsax B S pasiadl L[jusnbasqns anjep

mmmmm ——==- 62°0 -———- ——=== [G'Q0 --==- 68°T 0S'22T 0T *ITI ‘pesTT9 1eau 3931) Surads 3ITeS  Q0CETSSO
- 0S°€C  0L°SE  20°L 291 ‘ITI ‘oqeN 3' W221) Ked  000ETSSO
.......... T€°9  x0L°TIT ST'11 *9°6€ *ITI ‘PTIST3ISIITL IB 3991) ALeg
0L'T =-—-= ==== Q7'€ ———== ==== ————- 06°TT ST'TT 7 6€ *TII ‘PTRT¥SI3Td 3' ¥291) Led 00SZISSO
79'0  [S'0 -——- 8S°0 90'T -——- =~==—— 0C'T 19°8L 8L°0 *ITI ‘A1aeg aeou K1vINQTil Y919 19STY (TTIZ0SSO
———— e e - %.°S  x08'9T 00°ST Lzt *TII “}oourapury 3Ie 3}831) L3TPeH
rAREANES S --—- 08'9 - 0T8T 00°ST L2l *TTI “0oyl1apury 32 921D L3TPBH  (0%0Z0550
[8'T ===== ==== [0'% —=~== ==—= ————=  Q{'TIT  GL'61 6'0% *ITI ‘Aaaeg Ieau Y921 A3TPeH (7020SSO
—————  —e——= 0€£'Q --=—— -—=—== 06'0 -————- 6Z'1 09°60T 0S'0 *TTI ‘4ournd 1eau LIBINQLII NI91) UBWOH (0696%50
98'0 ZL'0 --—=- €€'0 6T'T ===— --——— 0E'I 8y ve Sv' T *TTI ‘°3prausydaig 1edU }921) ITIITT 007S6%S0
‘111
———== £9°Q0 —=== ——=== HZ'T == —eeem 90T 8.°'8¢ 92°0 ‘9TTTA®S0Y 1wdU AIBINQTII AI91) UOSTITA 0S/69%50
e —meem - -——== 05't? 00'T% 96°€ 82y *TTI ‘edmenbg 1eau 3921) UOSAIPUIH 00069450
- - 00°2¢ 09°.Z T0°S v°99 *TTI ‘uoleds IB3U Y@3I) UOSIIPUSH YIION (00089450
el ~———— ———= 06°8C OL°LL 69°C Vix *TTI ‘uo3sog mdN aeau 13ATY spaempd 00599450
0S'%T x08°2¢ LO°S %€9T *ITI ‘UOTIQ 1BAU ISATY SPIEMPH
00°ST ----- ~-== 00'€l ====- —-== ————- 06°€Z 10°¢ 191 *ITI ‘uotip I1eau IIATY SPIBMPT  (00099%50
- m——mm eemm— ———— 09°€T X06°6T WYL ¥5°79 *TTI ‘UBTTW 3 291D TTTH
00'€ —-==-—= =-—=-= QT°L =~ ==== ——=e- 09'12  %%°L %29 *TTL “UeTTH 3B 33913 TTTW  0008%%50
mmm= mmmmm mmem mmmem e ———— OY°09 OE'LL €572 856 *ITI €09saudy IBdU ISATY U3aIH (0SLYHSO
mmmm= mmwom mmmm mm—mm ———e= —e—— 00097 09°%T 0 68°E 661 *TTI ‘4oquy 3® IX9ATY USLID  Q00LY77S0
W @ o®m oW @ @ @ e 0N
I MSY b oL 1L 1 3 yj8uap  adots mmmmmmpm U UoT3ITIS uoT3iels

PeNUTJUO)~—SWES1IS STOUTTTI IO S3N[EA JUITITIIS00 9821031S pUEB UOTIBIJUSIUOD JO BWTL--°T 2[qBL

19



-suotleindwooaa Jo 3TNsax B se pasTaal LTiusnbasqns SnTep y

§L°67 -=-—= === 0§°C1 0L'%T TL'6 1°¢€2 *TTI ‘sIY3ToH 03BOTYD IBSU 833D 1390  SETIESSO
09°¢T ----- =---— 0¢€'f —-=-- ---= =--——=  0£'0T 89°¢T Lwe *TII ‘POOMUSTD 3® 83D UIOYL STZYESSO
TIT°0T —-——= -—-— 80°% 0l'8 TSIl (AFA! *TTI ‘s3ySyey oBeoryp IedU ¥991) UIOYL QTZIESSO
1L
0€°§7 -—-—-- --—- B8Z'¢l 08°97 v6°'C 00T ‘SOTIN 1® I9ATH OFBOTY) Youelg YIION (0009ESSO
16'6 ——==— === €9°G --—-- === --=-=  09°9T 67°S 1°12 "TTII “%3ed PUBTYSTH IBSU ISATY STHOS 0L0SESSO
0S'#T ——---= -——= 0%'¢ 08°0T 8S°G 0°'€T "TTI “3s9104 SYeT 3® 19ATY 9TAOAS  000SESSO
00°L —---= =-—-= O%'Z 09'9  v0'¥I ¢ 91 *TTL ‘sSutids MOTTIM I1gau ¥@31) 3eTd 000EESSO
.......... 00°z% 0T'Le S8°T x2C1 *TII ‘sBurads uisisom 3B 991D 3ITES
09'8 ——-== === €L'§ =--=—= —-—= —————  QOT'[E S8'C pan "ITL ‘sSurads uxa3ssy 3 ¥991) ITBS  00STESSO
00°ST ===== ==== §9'7 ==w=== —~—= -—~———  QE'TT 6€£°E€T T°z¢ *TTI ‘SIYSTOH UOISUTTIV IBdU 339I) 3ITBS 000TESSO
6£'9  -—--- --== GT°T 0€°0T ET'€T g o€ *11I ‘smopeay 3urTTo¥ 1® Y29I) 3ITBS  0660£550
mmmmm mmee - 067 0€£°€9  TIT°T g "TII ‘seuTeld S9Q IB3U 12ATY SOUTBIL SOQ 00067550
m——— e e ---- 00'%9 08°8¢ [T'T <1e *TTI “TI9ssny 3e I9ATY SSUTBT4 S3Q  00087SSO
-———- 0§'T —-== =-=-= 85¢°¢  ---= -—-——=  06'1 £9°6T  08'0 *TTII ‘3Io3uelg Iesu 991D 9TITRIZ  0S0LTSSO
0001 =----= =---= 9T'9 ===== -=== —~——=  (0/'9  €6'I1T T°2T *TT1 ‘¥aBg 1938N) 1e9U }291D LIA3L  00$9Z$S0
‘111 ‘sTeUUOQIROg
mmmew —=m-= QRTQ --—-- ----- 88°0 --——-  €9°0  0$°9S  6T°0 Ieou LI1BINQEA] I2ATY SoyEAURY  (0GT9TSSO
mm=—m mmsms moos me-ee ——e—- ———— 00°/8  927°00T 69°0 0zZ1°? *ITI ‘9sueqay) 1edu 19ATY STORDOIT 00097550
..... ----- 81, ----- --—-- 86’9 --——= §T'S  7E£°8 z°01 *ITI ‘UOpTSYS 1BSU MOTTOH UINGISBY  0S0STSSO
08°/8 Q%05 TI'T 789 *ITI ‘stonboal e 19aTy sTomboil (000SZSSO
mommm mmmmm —mom mmoem ——eee ———— 00°EYT 08768 06°0 0vE‘e *TTI ‘90USWOR 1B I9ATY IMENUBY  Q0S0TSSO
@ W @ W W @ W (a2 sust woTIEIs -on
k| MsA A oL 1L A 1 yj8ual  adoTs s3euTeIq UoT3IeIS

PONUTIUOH—-SWEIIIS STOUTT[I 10JF SONTBA QJUSTITII0D 33BI01S PUBR UOTIBIIUSOUOD JO SWEL--'T 2IqelL

20



*TII ‘Aoal 3e a9at1y 93Bg Nng se paysTiqnd ATsnorasig

"

————= §9°Q =——— —==== £9°7 =--= -——-— 720°'1 2118 A ‘xog 1esu gz ‘oN £ipjnqrii um>wMonm 00815550
00°0¢ —--—- -—-- 0£'09 --———- —— e 0€°1¢  09°¢ A “ITI ‘@TTIANIOX 1BdU 921D AI1xaqydeTd (0QLTISSSO
00'L2 ===== ==== G[°9T =~=--- ———— ————— 0T T1€°¢1 L°TS “TTI fsdTieypy ‘23S IBSU YI3I) U0SIdY (Q0ZTSSSO
00'0% --=--= ==—= 09'TT =----- --—— =----=  0€'ST 80°6 7'6¢ *TTI ‘ur8Tg 38 %391D 1eTdod (00505650
e ———=  —em—e —mme- ———— (08'%8  00°96 0670 %9€°T *I11 ‘urnbuod[y 38 I8ATY X04 00005SSO
00'01 =~---—- =—-- 0£'§ -—=-= =--—= -—=—— (8’8 wE* L ST "ITI ‘AIUSHON 19U H991) dU0od  0006SS0
————— e ——m=  —mme- ————— - 00'€E  OY°TE  £E£7Y 0Ly *TTI ‘4370 TBO) IEAU 18ATY UOZEW (Q00ZHSS0
*TT1
———-= 00'6T =--—= ==—== [['17 =-=-- -—--—  68'% $5'9 AR ‘1supiey iedu AIBINQTII I2ATY U0ZBR (0GLTYSS0
————— e mmem e oo -—-— 08'7¢ 0Z°¢€Y 8L'Y 4% o TTI ‘poomaioys e 19aTy 28ed N 00SO%SSO
“TII ‘STITAUSIIBM
00°8T -=—--= =-=-= 0€°Lf ---—- ————  ———-— 0T°%T  L6°Y %06 1eau 19ATY 98eJ NQ Youelg Is9M  G600%SSO
“TII ‘o8ed1y) 1s9M
00°'67 —----- =~=-= (88T --———- ———— e 06°€T  85'9 S8z agou 13ATY °8ed nQ youelg ISSM  0066£5S0
00" %1 ---—- == 06°CT ~———- ---— 09'1C O%'ET §S°L 101 *TTI “39TTOr 3e 3231 LI0MITH Q006£SS0
£€€'8 ———m— ==== 90'f —==—= === -————=  07°6 18°L 6°0¢ *TII ‘juowd] Iedu uny JuoT QOSLESSO
00° 1T =----- =--—= 00'0T ----- ———— e 0Z'6 9%° 1T ARNE *TTI “dIBg SOTed IBIU qI21) LATUTL 00S9€SSO
YT €T —-=—- -~-=- 00'ST --———- e 088 £€°8 92T *TII 3893104 YeQ 3T 991D UBTYIOTPTH O¥€9£SS0
€8'67 ~---- -———— 0E£°%T - 0£°ST 8'0T %0T *TTI ‘uoluroyl I 221) UIOYL §/Z9ESS0
%2'87 -———-- -——— 8G'6 —==—= ——== -——===  0['6 %€'9 891 *TTI “Sufsue] aedu ¥281) YIION (LZ9£5S0
€0°97 ~—-=- === 0€'CT -—==== ———= ———e- S0 L 1L°8 ¥8'8 *TTI ‘Bursue] Igdu yd3tq JUTSUBT  G979£550
T6°%#T --—== ==—= 08'G ==-== =-=== -————~  09°%T  %£°'9 G'€T *TTI ‘100WSSOTJ 3® Y321) PTITIILIING  GGTIESSO
W @ W @ @ @ @ (e e sueu woravag “oN
q MSX R 2% 1L I 1 yi8us1  adots sFeurelq uoT3eIg

PONUTI JUO)—-SWEDIIJS STOUTTI] 10J SINTBA

JUSTOTIFI00 93B103IS PUB UOIIELIJUSDUCD JO JuWIT--'T 9I9EL

21



‘TTI ‘uolLadurid 1 ¥991) nesing se paysiiqnd LIsnofasig s
*suoTieIndwodal JO JTNSA1 B SB PISTAdL ATjusnbasqns anTeBp

96'y -————— -==- 0S§'S - 0T°%¥T  O0T°(T v LT *TTI ‘sTepwieq 3B }931) wied (0509550
0Z'T¢ 09°LZ LO0°9 *€2T *TTI ‘ulinqyseM Ieau Y23I) moI)
00'6 —=-== ==== 00'GC ——=—= -———= -—————  09'/Z L0'9 c1T *ITI ‘uanqysep 1eau )991) #M01) (0565550
T'T - ———— GG'T 8"y 98°'€S 99°¢ TITI ‘pueTaeds 3e 931D IBTWIH (00065550
§9*'¢  =-=—= === T9'6 ~—=—= —=—= —==—=  0£°'%Z  %7°01 7°9¢ ‘TTI ‘4ausy 1edu (ISOM) N93I) MOI)  (0S85SSO
‘111
————= II'Q0 ===~ ==-== $9°Q —=== -===—=  G8'0 6£°6ET  2T7°0 ‘urdsuudy 1eou LavINqQTal }991) 33307 G/08SSSO
‘171
w——== QT'Q0 m=== ==—=— 0£'0 ———= -——=—=  0£°0 79°87C €070 ‘PTIOTL aeau LILINQTII HIDI) 39II0) (S08SSSO
- 0121 =x0£°€T TL°TT #10T *IT1 ‘neaang J1eau }as1) neaing iseg
60'G ~=——- ———= 68°'T 0L*%e LT 066 *ITI ‘nesing Ieau 3991) neaing Ised (00SLG5S0
*TII ‘39uedpM
————= 9E£‘'Q —=== ———== £9'Q === w=———  (9°T ST L6 €€°0 Ieau AIeJnqril }S3i) neaang 1sd4  Q0TLSSS0
- -——= 0Z'TT x09°'6T €0°6 ¥£°98 *TTI ‘3I9uedM e Y931) nedang JIsom
L8')  ==-——  ———— Q['f m=m== === ————— Q/[°9T  €0°6 L°98 *TTI ‘I92uedp Ie y992a) neaang 1ss8M  000LSSSO
——mm— mmmmm mmmm mmmem ee—ee —oe— OZ°€T %06°L% L0'9 %981 ¢ "TTII ‘uo3lsdurag 3e ¥991) neaing 31g
SE QT ——-—= === EH* [  —=——= ———= === QT°%S [0'9 96T *TTI ‘uo3@dutig e a1y neaing 3Td (00S9SSSO
‘TTI
—wmse HE'Q mmmm —mew= [§°Q -——= ——=—==  06°0 L€°0S %10 ‘ITomoT 18 A12InqTal I9ATY UOFTTWIBA QO0HSSSSO
————= I8'0 —=== ——=—— g'T === === 6[°0 7L°09 91'0 *TII ‘TIT9PO 1eSu A1BINQTI] }331D PNR  009HSSSO
——m—m mmmem e mmeem mee— ———— 02°08 O%°®S TT°T 89¢ *ITII ‘OeTiuod 3B IDATY UOTTTWISA Q0SHSSSO
‘TTI ‘?330TIRYD
00°%2 =—=== =—== GT'€T =—-=~—== ~——— -==——  00°'tT 6£°'S 98T IB2U I9ATY UOTTTWIIA MI0d Y3IION (Q00%SSSO
W @ oW W @ @ W w ay @ <o
19us 5do eaae aweu UOoT3IR1S woTE
b MSH il oL 1L h 3 y 1 18 o3eurRIq TI®R1S

panuUTIUO)-~SWED1lS STOUF[]I 10J SONTEA JUITITFIS00 93BI0]S PUE UOTIRIIUSOUOD JO SWY[-—'T I[qEL

22



*suoTleindwodal Jo 3TNS3XI B SB PISTA3X ATjuanbasqns anyep

mmmmmmmmme QLT —mmm= =mm—= GEYE —-mm- 86°E 6€°%C 90'Y ‘aurisndny '3g 3® LIBINgril xmmuoﬁwwvmu $7869550
i (L AR B (1R VAR & A4 0L0°T *TTI “STTITW UOpPuOT 3B 19ATY uoods (00569550
00'TT =-=-~-- --—- 09°8T 0Z'%T  v%'9 L°29 *TTI ‘SuTwoAM 1BOU 991D UBTPUI 00889550
- 0L7€y Ow'LS LT'T v9L *TII *°TTTAZ93U0) IBOU IDATY MBUPNOBW 0059550
0S'€T —-=--- =---= ¢8'6 08'€T TT'¥ 6°€6 *TTI ‘oseg Td 189U Y921) I3Yylued 0009550
*TTI
00°ST ----= =---- 08°'§ 09°8 95y S'0€ ‘oseq T4 e 991D IdYylued youelidg 1S 00599550
*T1I
———== 0§'L ==== ===== 76 -=-- -==== 0672 AR 0€°9 ‘£oTPTIY Ieou 3981) I9ylueq youeiag Ised 00099550
*TTI
mmmmm emmem ——e- OT'9 06°Y 88" 11T 1'0T ‘u0l3uTWOOTY BT SACQER Y3915 LIOYITH (0595550
- ————~  —————  ——— 0£°77 «08°tT 16'% x6°T16 *TTI ‘uo3BuTwooTd 3BT 240¢E 2317 LSUOR
€8'TT -—==—=~ ==—= 06'9T =-=--= =-=—= =-—=—=  Q0¥%'87 T16'Y% T'€S *TTI ‘uo3BuTWoOTd 9YBT 2a0qe ¥991) L8UOW  (0SY9SS0
09'S ----- --== 67'9C 0%'9T  ST°§ 0°6% "ITI ‘epuesol 1esu }a31) ALUOK 00479550
mm—— e o%'vz x0%°LE 0S°L %962 *ITI ‘®T109g 3® 231D oodexdoTy
05'6 ---—-- --~= 06'07 ~~—-= ---- --—-—  08°'0% 0S'¢ L62 *TII ‘BTI09g 3Ie }991) oodeldTH (0SE9SSO
"TTI
el T A e b A A e L AL £0°9¢ £0°0 ‘oodeoTy 1edu £1eInqril 3°91) oodeNdTN  00TE9SSO
- - 0€°'€T x09°T1Z €6°0T *¥02T *ITI ‘oodedqdry Iesu }Yoa1) oodeydTY
00'€ === --— 00°'S ——=== -—-=- -—-—=—  06'€7 £6°0T 61T *TIL ‘oodexdyy 1eau 9919 0odeNdTN  (000€95S0
e 0€"LT 06°8T 6709 *TTI ‘BTI09d 3ISEd 3I® 921D WiIBI 000Z95S0
1T ————— ———— 0077 0€°L 98" 6€ (AR *TTI ‘STepwieg 3® 921) UBRILNDY  000T9SS0
(;Tm)
(C)) (9) (W W) (1) G (u) (tw)  (T9/33) 18 SWEU UOTITIS *oN
q MSY B! oL 1L ] 1 yidual adois sSeureiq uo13els

PONUTIUO)-—-SWEILIS STOUFT]] I0J SanTEA JUITOTIIS00 9381035 puUE UOTIBRIJUSIUCD JO amWTL--°T I[qeRL

23



*suof3je3ndwodal Jo 3I[NS3A B Se pasTaal L[juanbosqns oniep x

0697 --——— -=-- 0£°/T 0€°tT 9/.°G £°92 *TITI ‘TTI2uysng e MIog Burumoiqg QQ¥v8SS0
*ITI ‘Sangsaalag

1 43 S ——-m- QE'T =--=-- (ST 9L°€Z %60 1eau AIBINQTII 931D SSIUIQED  00ZZ8SS0

- - -—=-= 0G°LE 0.°G¢ 9.°¢ (% *T11I ‘8anqs3aey aeau 3¥991) 1e3ng (Q0SI8SSO

..... mmmme memm mmmmm mmem ———— 06°8€ 0S°EY  TT'S 90¢ “TII ‘UTodup 1esu 3991) 00deydTH  00S08SSO
‘TTI

.......... 8L'T =-—== =—=== 7§'T -==== [I°%  SL°TC  90°€ ‘yjiomAsy 3B A18INQTI3 ¥991) 0OdEIITH  0SL6LSSO

- -—-— 00°0% x08°¢Y% 6G°¢C FLA%Y *TTI “TToMOY 1E3U 991D 3[BS

00°'Q0L -—-———- ———— [§'G) === mmmm ————— 0€°ZS 6S9°¢ qGee *TITI ‘TTSM0Y 1BSU Y2910 2TBS (00S58/SS0
"TTI

cL'0 w9 1 -——= (1T 66°T ———— ————— 9¢€°1 €T 0% 06°T ‘maapuy 3je £1elnqral IsATY uvowedues (00/LLLSSO

9661 ----~- -—— T¢°L(T —-——-—1= —-—— -—— 0Z°0¢ 6£°S L0T *TTI ‘PTo138utrads ae y901) 3urads 00624550

/Y8 ————— —=—= 0L LT - 00°ST 6G°¢G 7°26 ‘TTII ‘susMeq 3e 931) 9SIOH (08S/SS0
“TTIL

e m——— e e -——- 0£°09 08'6%Y T0°C 0TS ‘Precury 3B IeaTy UoweSues 3104 YINOS (00SSLSSO

01§ -—-——- -——— 29°'THh -—-———-- —_——— === 0¢' <€ T0'¢ 9.2 *TTII ‘STTFAI0TAR] aesu yduead IeTd Q0SHLSSO
“T11 ‘stwodoN

06'¢ ————-— —== 0§°C e il 09°9 08°81 0'T1 19U I9ATY uowe3urg YI0J Yinos QQOHLSSO
*TTII ‘OTT®9T3IUOR

||||| £€%°0 -——= —-—-——— (70 ———= === LE€°0 TI1°%¢ 0T°0 19U L1BINQTII Y291) IBOPTIM Q0TZLSSO

uuuuu mmmme mmem mmmem meee —e=- 00°79 0L7°8L  SL°T 0ss "IT1 ‘OTT99TIUOQ 3B I2ATY UoWeBURS (000ZLSSO

20 LE ————- -——— 0G'lY —-=——- —_——— =———- 0¢°6¢S 65°¢€ 79¢ ‘TTI ‘32woyeR 1e 13ATY uowe3duesg Q0TGSO

00°¢2T —-——- -———= Q0C'LT —-—-=— === = 0/L°T¢ c6°6 €0y ‘111 ‘3uedag Iesu 39910 319 0L£0.SS0

0¢°¢ ——=-- -——— 08°% - 00°8 06°2¢ G¢°TT "ITI ‘3IreTg 19U N931) LNINL 89669550

® @ @ W @ @ @ w (rwan @ “oN
s 4 ea1E aweu UOTIEBIS
¥ MY X oL 1L L 3 waswer  adolg g o0 uot3ess

PaNUTJUO)--SWEDIIS STOUTTT] A0J SONTEA

JUSTITIFO00 33evIOIS pue

UOTJBIJUSIUOD JO SWIL--°T STqe]

24



*ITI ‘©TTTApPuUOg 1B I9ATY BIYSeYs®eY se paysItTqnd A1snorasiyg R
+suoT31e3ndwodal Jjo JTNSS1 B SB PasTasl A[lusnbasqns anyep x

0S"TT ===--= ==== (09'€T =--—-—-- —-——=~ =——=—  Q/L°€T 9%'C 60T *ITI ‘Wn3osaqg 19U I3ATY BINSEASEY (00406550
e e mmee e mmee == QOT'9T  0G°S 97° L1 ¥€°21 o' TTI ‘9TTTAPUCY 3 YD3ITQ BTASBASEY
00'% ——=-= —=== 06'T —=——== === ———=— (0G'G 9T LT 91 *TTI ‘STTTAPUOY 2B YDITQ BTSEASEY (0006550
e —mmem meem e ————= —--= 70§ 0T°0T 60°TT (4 ‘TTI ‘STTITALBSE) 3B 3991) UIDIUE) (0668SSO
- ——-—= ———— 07°ZT x08'8T T6°L ¥0'LE *ITI ‘®epueM 3I® 931) UBTPU]

05'€ ~-—== =—=—— Q00'8T =---- =--—= ==-==  01°07 26°L L'9€ *ITI ‘epuem 3 3921) UBTPUl (00088550

99°8 —=——== —==—= Q'L —m=== === —————  0£'CY TI°S (4 ¥4 *TTI ‘OTTTASPIEMPE 1I' 3291) BIOYRD (06/8SS0
*ITI ¢ao3uadae)

6L°0 === ——== $9'Q ————- ———= -———= 76'0 0S¢y S0 agau 7 ‘oON AIBINQTij I91) eIIOYR) (0G8/85S0

R i -———= 0£'0S 0S°9L 7€' Gl8 *ITI ‘Pury ieau }29a) utdnodel (0Q00/85S0

.......... 850 --=== ~=-—= T2'0 =---—— LT°0 9€'€9 20°0 *IT1 ‘s1epa9y 1edU A1B3INQIII ¥921) IBAad (CBIBSSO

00*'1T ----- ---- [§‘0C =-=-—— =-=—= -——=—  0G°9T 0€'TI 1°19 ‘TII ‘eafufeq Iesu }a31) 19330 (0898550

————— GH'T ===~ ===== €777  --—— —=——==  00°€ 62° Y2 0e€°e *IT1 ‘®snoypooy Iedu }991) SUBITIINH (0598550
“T11

———e— —=m== [T°Q mmmm= =mee—- TG0 ————- 1T L9 TET  6%°0 ‘90ua10T4 3I® AIBINQTII ISATY STOUTTII 00Z98550
*ITI ‘oTTTAuOSYOEl

09'9 ————— =--—— Q0T°21 - - 0°6 £0°6 1°6C 1edU Y921) 3113], ISTEANEK NI0] YIION (00098550
“T1I

nnnnn ————— 6’0 —~=—== —==-- 9g'Q -————  6Y%°0 85°8Y S1°0 ‘SuTT193g JUNOK Iedu ALILINQTII AIog LIA  00LSBSSO
‘T1I

———— —e——— 96'0 —=——= =———— [9'T =—-——=—  69°7 92 LT 86 € fATETOUTS IBAU LIBINGTI] }I3ID UBTPUI (ZZS8SSO

..... ———— ———— - 0T°89 ©00°90T ¢S8°'T 0TE‘T *TTI ‘4A91dTy 3® IaATY SUTOW BT 000S8SSO

————— e -——= ow'ly 0S°LS 0L'€E $59 *III ‘aewlo) I8 ISATY SUIOR ®T Q0S¥8SSO

) (u) () ) ) ) (u) (Tu) (Te/33) (1) *oN
wcm wao B3ae sueu uoIlels wo13E
¥ MSA b | oL 1L 1 3 y3isua I8 sgeupeaq T3®1S

penuUTIU0)-~SWEIIIS STOUFTTI I0J SONTEBA IJUSTOTII90D 98BI0JS PUBR UOTIBIJUIOUOD JO SUWIL--'T SIqE]

25



*suoTIeIndwooel Jo I[NS91 B SB pastasl ATjuanbasqns anyep

- 09 %< 09'Ly 79°'¢C Y4 *ITI “smoyllel iesu yoo1) dnooneeg
00*0€ —==== =—=—= 0§/l =—=—== ==-= —————  09°[% %9°C 762 *TTI “smeyljey Ieau }¥9a1) dnodnead (0066550
08°'IT ---—— —--——— 99°GI 09'IT 80°8 L€ *TTI ‘UOTiEW 1BIU 291) PABYI1Q qBAD (Q0S.65S0
mmeme memee 00°0TT 09°.9 €S°'T €SL *TTI ‘PTITjun[d 1€ I9ATY APPOW 3T  000/6550
————= 0§°Q0 —=== =-—=—= §I'7 —=—= —————  8{'1 20°6€ €0°T *TTI “I9FTeA 3B LIBINGTII 991D Apuy (00T96550
0L'€ ==-=— ~-—-- G8'SB ov*L IABR 1°12 *ITI ‘uouxsp *IR IBSU YISI) ITTWUSAIS (00856550
"TT1
0€'G ===—= —=== QL'9 —==== =see momee (L7 0£°11 00°8 ‘8anqzus] Iesu IaI) BZOQ Yduel§ YINog §ZZS6SS0
0$'6 —-=-=—-= =——— 00°T1T =~ 0%'ZZ  €%°9 62T *ITI ‘a9309H 1B3U }231) PUBTYITY 00TS65SO
00'0T =—=--= ==== Q€'YZ =—==-= === === QL'€T TL°S v L *ITI ‘®SSTIBK 183U 331D PO QLEH6SSO
—mmmm Z9'T mm== =mm== YI'E === —e-e= 00°E 91" LT 06°1 *ITI ‘S9Pa0) 1edu }931) SWETTTIM 00Z%6SSO
“TTI
00'€T =----= ==== Q€'IT =-=--= ==== =—=——=  00'IC %§°S g'SS ‘ua9ygon 1edU Y9°1) TROYS NI0d ISBH  006£6550
0L'9  ===== =m== (G, m=mm= m=—= ———=— (99 87'% 1'LT *TT1 “puowdey 1E9U }331) SSBIH 3NTL  009£6550
26°'TT ==—=== ==== Q0'TZ =--== =~=== =====  Q/'/T T%'Y €8 ‘uspuT MON 183U N29I) PIY001) BTIITT S/GE65S0
————— - 00'9%T 00°/9T (Z°T 089°2 *TTI ‘9TATIB) 1B 19ATY BTASBYSEN 000£6550
*TT1
—mmem mmm—— QG ——=-= ==—=~ 680 —-=-— 4%°Q 60°LT Y1'0 “33TM IEOU A1BINqTi] H39I) SUBITIINH  (0/T6SS0
0§'¢ -—=—— --—— 06°'SC 0Z°€T 09°9 6°LY *TTI ‘437D I9ydaag 13U 921D JTOM (0£T6S5SO
“TTI
——=== —=——— g%°Q --=== ==e-- 8670 —-——= 68°0 68°€9 0¢'0 ‘TITH Iam0l I€3u AIBINqril 931D PO $Z0Z65S0
——mm— mm—e— ———— 0§°TL O%°76  EY'T 0£0°‘T *TII ‘STTTALQTAYS 3B ISATY EBPASEBISEN (00076550
———== QE'[T ==== =—==== Q€°07 ---— --==—=  07'% €2°6 S0°8 *TTI ‘ueAf NS I° ¥931) BSY Q0ST6550
I B ) B ) S D SN ) W ') BN G £ W ¢ VEY D suvy uopaeas “oN
4 MSA | o1 yni L 3 y3iduay  adoTs s8euTEIq uot3lels

PONUTIUO)~-SWEIAIS STOUTTTI I0) SanTea

JUDTOTJJ900 98e103s pue

UOTIB13USDUOD JO BWJ--"T STqERL

26



*suorijeindwodal Jo 1TNSaX B S? PasTAal K7juenbasqns anTep x

- ————m mmmem e 06°2T  %09°ST rARA% *TII ‘3neilsm Jeau ya31) 31g
8¢y mm—== —=== Q1YL 0L°6T 7T “TTI ‘8neaoM aedu 931D 31d 00000950
111
————= ZE°0 mm== —mmm= GRIQ mmm= ——mee G101 £9°0 ‘oloqsauor 19U LIBINQTII NP3I) USRIH (04966550
mmm—= meeem e mmem e ——— 00'%ET 0%°98 0LT1°C *TTI ‘oxoqsfydany e 12ATY ApPnR 3Td 00566560
w
W W W W W @ W (W () S ‘N
b Msi bl oL 1L, L 2 ya8uag oBeuTRIq uotriels

penuUTIUO)~~SWEDI]S STOUFTTI 10J Sanfea

JUSTOTIFS00 98EBI03S PUE UOTIRIJUSIUOD JO BWTL--°T STqEL

27



Table 2.--Accuracy of HEC-1 model calibration expressed as the difference
between observed and computed runoff volume, peak discharge, and
time of peak discharge for individual gaging stations

The accuracy of computed runoff volume was calculated as follows:
AV = Z(Vy-V.)/LIV,
where AV is the average difference between observed and computed runoff volume, V, is

the observed runoff volume, V. is the computed runoff volume, the sums computed over
all events modeled for a given gaging station.

The accuracy of computed peak discharge was calculated as follows:
AQ = Z:(Qo - Qc)/ZQo
where AQ 1s the average difference between observed and computed peak discharge, Qg4
is the observed peak discharge, Q. is the computed peak discharge, the sums computed
over all events modeled for a given gaging station.
The accuracy of computed time of peak discharge was calculated as follows:
AT = L (T = T¢)
where AT is the absolute difference between observed and computed time of peak dis-

charge, T, is the observed time of peak discharge, T, is the computed time of peak
discharge, the sum computed over all events modeled for a given gaging station.

Accuracy measures

. Number
Station Station name of v AQ AT
No. events (per- (per- (hours)
cent) cent)
03336500 Bluegrass Creek at Potomac, Ill. 6 +6.0 -5.0 0
03336900 Salt Fork near St. Jcseph, Ill. 6 +6.2 -6.0 0
03338100 Salt Fork tributary near Catlin, Ill. 6 +3.1 +0.5 0
03343400 Embarras River near Camargo, I11. 6 +5.0 ~4.0 0
03344500 Range Creek near Casey, Il1l. 6 -9.1 +9.8 0
03346000 North Fork Embarras River near Oblong, 7 -5.1 +5.5 -2.0
I11.
03378635 Little Wabash River near Effingham, 6 +8.0 -7.4 0
I11.
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Table 2.--Accuracy of HEC-1 model calibration expressed as the difference
between observed and computed runoff volume, peak discharge, and
time of peak discharge for individual gaging stations—-Continued

Accuracy measures

. Number
Station Station name of bv AQ AT
No. (per- (per-
events (hours)
cent) cent)
03380475 Horse Creek near Keenes, Il1. 7 0 +0.3 0
03382045 Little Cana Creek near Creal Springs, 7 -9.5 +11.0 0
I11.
03382100 South Fork Saline River near Carrier 7 +7.6 -7.9 0
Mills, T11.
03382170 Brushy Creek near Harco, I11. 6 -1.4 +3.7 0
03382510 Eagle Creek near Equality, I11. 7 +6.8 -4.2 0
03384450 Lusk Creek near Eddyville, I11l. 6 +4.9 -5.0 0
03385000 Hayes Creek at Glendale, TIll. 6 -4.1 +2.8 0
03386500 Sugar Creek near Dixon Springs, Ill. 7 +2.3 -2.1 0
05414820 Sinsinawa River near Menominee, I11. 7 -6.3 +5.5 0
05419000 Apple River near Hanover, Ill. 7 +0.9 -8.0 0
05438250 Coon Creek at Riley, Ill. 7 +4.8 +2.7 0
05438850 Middle Branch of South Branch 6 ~-0.3 +1.3 -0.2
Kishwaukee River near Malta, Ill.
05439550 South Branch Kishwaukee River 7 +0.5 +3.0 0
tributary near Irene, Il1.
05440500 Killbuck Creek near Monroe Center, I1l. 7 +4.0 +4.0 0
05444000 Elkhorn Creek near Penrose, I11. 6 +0.1 +1.6 0
05448000 Mill Creek at Milan, I11. 5 +4.9 ~-1.0 0]
05466000 Edwards River near Orion, Ill. 6 +7.0 -6.0 (o]
05495200 Little Creek near Breckenridge, Ill. 6 -2.0 ~1.0 +0.1
05502020 Hadley Creek near Barry, I1l. 7 +2.0 -1.6 0
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Table 2.--Accuracy of HEC-1 model calibration expressed as the difference
between observed and computed runoff volume, peak discharge, and
time of peak discharge for individual gaging stations--Continued

Accuracy measures

Station Station name Nu:?er av AQ AT
No. events (per- (per- (hours)
cent) cent)
05502040 Hadley Creek at Kinderhook, Ill. 7 -1.9 -1.3 0
05502120 Kiser Creek tributary near Barry, Ill. 7 -5.6 +5.7 0
05512500 Bay Creek at Pittsfield, I11. 7 +2.0 ~-2.0 0
05526500 Terry Creek near Custer Park, Ill. 6 +4.4 +1.8 0
05530990 Salt Creek at Rolling Meadows, Ill. 6 +3.3 -3.5 0
05531000 Salt Creek near Arlington Heights, I11. 6 +4.7 +0.4 +1.0
05531500 Salt Creek at Western Springs, Ill. 7 +6.3 -6.1 0
05533000 Flag Creek near Willow Springs, Ill. 7 +3.2 -2.9 0
05535000 Skokie River at Lake Forest, I11. 6 +17.3 -18.5 0
05535070 Skokie River near Highland Park, I1l. 7 -0.3 -0.8 0
05536000 North Branch Chicago River at Niles, 6 +13.8 -9.8 0
I11.
05536210 Thorn Creek near Chicago Heights, Ill. 6 -6.0 +6.0 0
05536215 Thorn Creek at Glenwood, Il11. 6 +7.0 -8.0 0
05536235 Deer Creek near Chicago Heights, Il1l. 7 +3.5 -4.0 0
05536255 Butterfield Creek at Flossmoor, Ill1. 7 +3.8 -4.0 0
05536265 Lansing Ditch near Lansing, TI11. 6 +6.7 -7.0 0
05536270 North Creek near Lansing, Il1. 7 +13.0 -13.0 0
05536275 Thorn Creek at Thornton, I11l. 7 +1.5 -3.0 0
05536340 Midlothian Creek at Oak Forest, Ill. 6 +6.0 -4.0 0
05536500 Tinley Creek near Palos Park, Tll. 6 +4.8 -0.3 0
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Table 2.--Accuracy of HEC-1 model calibration expressed as the difference

between observed and computed runoff volume, peak discharge, and
time of peak discharge for individual gaging stations--Continued

Accuracy measures

. Number
St;z%on sration nane eints (;2;_ (;ii- (h;ﬂis)
cent) cent)
05537500 Long Run near Lemont, I11. 7 +8.5 -7.6 0
05539000 Hickory Creek at Joliet, I11. 7 +8.5 -6.1 0
05539900 West Branch Du Page River near West 7 -4.9 +3.4 0
Chicago, I11.
05540095 West Branch Du Page River near 6 +12.4 -12.4 0
Warrenville, I11l.
05549000 Boone Creek near McHenry, Ill. 7 +17.0 -17.0 -2.0
05550500 Poplar Creek at Elgin, Ill. 6 +3.3 ~6.4 0
05551200 Ferson Creek near St. Charles, I11. 7 +0.5 +5.5 0
05551700 Blackberry Creek near Yorkville, Ill. 7 +3.3 +3.6 0
05554000 North Fork Vermilion River near 7 +4.2 -4.9 +1.0
Charlotte, Ill.
05556500 Big Bureau Creek at Princeton, Ill. 6 +1.0 +0.3 0
05557000 West Bureau Creek at Wyanet, Il1l. 5 +4.2 -5.2 0
05557500 East Bureau Creek near Bureau, I11. 4 -2.3 +0.3 0
05558500 Crow Creek (West) near Henry, Ill. 7 +3.5 -1.4 0
05559000 Gimlet Creek at Sparland, Il1. 6 +1.9 +3.9 0
05559500 Crow Creek near Washburn, I11. 6 +8.6 -6.6 0
05560500 Farm Creek at Farmdale, I11. 6 +9.6 -8.3 0
05561000 Ackerman Creek at Farmdale, I11. 7 +3.2 +1.4 -1.0
05563000 Kickapoo Creek near Kickapoo, I11. 7 +2.6 +3.1 0
05563500 Kickapoo Creek at Peoria, I1l. 6 +6.1 -6.1 0
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Table 2.-—Accuracy of HEC-1 model calibration expressed as the difference
between observed and computed runoff volume, peak discharge, and
time of peak discharge for individual gaging stations--Continued

Accuracy measures

. Number
St;z%on station nane evZEts (;2;_ (;ii_ (héf;s)
cent) cent)

05564400 Money Creek near Towanda, Ill. 7 +3.6 -2.3 0

05564500 Money Creek above Lake Bloomington, Ill. 6 +3.6 -2.1 0

05566500 East Branch Panther Creek at El Paso, 7 +7.1 -5.4 0]
I11.

05567000 Panther Creek near El Paso, T11. 6 +6.6 -0.4 0

05568800 1Indian Creek near Wyoming, Il1. 5 +1.8 -4.4 0

05569968 Turkey Creek near Fiatt, Ill. 4 +0.4 +0.4 0

05570370 Big Creek near Bryant, Il1. 6 +0.1 -1.2 0

05571000 Sangamon River at Mahomet, I1ll. 7 +2.7 -2.4 +10.0

05574000 South Fork Sangamon River near Nokomis, 7 +0.6 +5.1 0
I11.

05574500 Flat Branch near Taylorville, TIl1l. 6 +0.3 +4.0 -2.0

05575800 Horse Creek at Pawnee, I11. 7 -6.1 +7.0 0

05577500 Spring Creek at Springfield, T11. 6 -4.1 +3.3 0

05577700 Sangamon River tributary at Andrew, I1l. 6 +0.1 -3.3 -0.1

05578500 Salt Creek near Rowell, Ill. 6 +2.3 +0.3 0

05584400 Drowning Fork near Bushnell, I11. 6 -4.,9 +0.8 0

05586000 North Fork Mauvaise Terre Creek near 7 +7.6 ~7.2 0
Jacksonville, I1ll.

05586800 Otter Creek near Palmyra, Ill. 7 ~14.0 ~15.0 0

05587850 Cahokia Creek tributary No. 2 near 4 -2.7 0] 0
Carpenter, Il1.

05587900 Cahokia Creek at Edwardsville, I11. 6 -3.0 +0.6 0
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Table 2.--Accuracy of HEC-1 model calibration expressed as the difference
between observed and computed runoff volume, peak discharge, and
time of peak discharge for individual gaging stations--Continued

Accuracy measures

Number

Station Station name of Av AQ AT
No. events (per- (per- (hours)
cent) cent)
05588000 Indian Creek at Wanda, I1l. 7 -5.1 +4.8 +6.0
05599000 Kaskaskia Ditch at Bondville, I11. 4 +3.5 ~0.4 0
05590400 Kaskaskia River near Pesotum, Ill. 7 +4.6 -0.2 0
05592300 Wolf Creek near Beecher City, Ill. 7 -12.0 +11.5 0
05593575 Little Crooked Creek near New Minden, 6 +5.0 -4.5 0
I11.
05593600 Blue Grass Creek near Raymond, Ill. 6 +0.1 +3.0 0
05593900 East Fork Shoal Creek near Coffeen, Ill. 6 -4.0 -2.5 0
05594330 Mud Creek near Marissa, I11l. 7 +7.0 -7.0 0
05595200 Richland Creek near Hecker, I1l. 7 +3.7 -3.3 0
05595228 South Branch Doza Creek near Lenzburg, 5 +9.5 -9.7 0
I11.
05595800 Sevenmile Creek near Mt. Vernon, T11. 7 +5.9 -4.8 0
05597500 Crab Orchard Creek near Marion, Ill. 7 +1.6 +1.1 0
05599000 Beaucoup Creek near Matthews, I1ll. 6 +1.9 -3.7 0
05600000 Big Creek near Wetaug, Il1l. 7 +3.8 -4.5 0

33



Table 3.--Analysis of covariance of time of concentration (TC)
values from four data sets

[The number of values is 222. Residual mean square is 0.0485.]

Model: y = bo + lel + b2X2 + b3X3 + b4X4 + b5X5 + b6X1X5 + b7)‘I1X[+ + b8X1X3
+ b9x2x3 + b10X2X4 + b]_leXS
Where: y = log(TC), X = log(length), Xy = log(slope), and X3, X4, X5 are

dummy variables with the values:

X3 X/, X5
HEC-1 (this paper) 1 0 0
Mitchell (1972) 0 1 0
Mitchell (1948, 1954) 0 0 1
Curtis (1977) 0 0 0
Coefficient Mean square F

bg 0.0315 0.65

by .0498 1.03

bs .0002 .00

bg .0090 .18

by .0004 .01

bg .0276 .57

bg .0001 .00

bio .0171 .35

b11 .0007 .01
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Table 4.--Analysis of covariance of storage coefficient values
from three data sets

[The number of values is 148. Residual mean square is 0.0642.]

Model: vy

Il

bO + lel + b2X2 + b3X3 + b4X4 + b5X1X3 + b6XlX4 + b7X2X3 + b8X2X4

Where: vy log(R), %1 = log(length), xy = log(slope), and X3, X4 are dummy

variables with the values:

X3 X4
HEC-1 (this paper) 1 0]
Mitchell (1972) 0 1
Curtis (1977) 0 0

Coefficient Mean square F

bg 0.0006 0.01
by .0100 .16
bg .1499 2.33
bg .0886 1.38
by .0125 .19
bg .0107 .17
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