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FLOOD=-DEPTH FREQUENCY RELATIONS FOR STREAMS IN ALABAMA

ABSTRACT

Equations are defined for estimating the depth of water for floods having
recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years on rural and
urban streams in Alabama. Multiple regression analyses were made using the
"maximum RSQUARE improvement" procedures. The dependent variable was the
flood depth and the independent variables were 10 basin and climatic charac=-
teristics. For rural streams, drainage~area size (0.44 to 1,344 sguare miles)
was the only statistically significant independent variable tested to estimate
flood depths in six different hydrologic areas. Other variables affecting
flood=-depth relations are reflected in the egquation constant and coefficient
for each hydrologic area. These account for differences in geologic and
topographic characteristics. For urban streams, drainage-area size (0.16 to
83.5 square miles) and percent impervious area (8.3 to 42.9 percent) of the
basin were the most significant independent variables tested to estimate flood
depths.

For most streams where the drainage area is larger than 1,344 square miles,
the drainage basin extends into more than one hydrologic area and the
equations presented would not apply. Flood=~profile data and gaging=station
records are available from the U.S. Geological Survey for use in estimating
flood depths for these large streams. Flood=routing and historic flood
profiles are also available for many of the large streams which have flood
regulation.

INTRODUCTION

The Alabama Highway Department designs bridges, culverts, and highway
embankments on the basis of the rate of discharge (magnitude) and the height
(depth) of floods. Depending on the importance of the highway, the 10-, 25—,
50~, or 100-year flood depth and magnitude are used in the design. The 10=-
year flood having a one in ten chance of occurring in one year. Additiocnally,
the 2-, 5=, and 200-year flood depth and magnitude are used by governmental
agencies responsible for land-use development, flood-plain zoning, and flood-
insurance studies.

When the U.S. Geological Survey began preparing maps of flood=prone areas
as directed by the 89th Congress in House Document 465 (1966), a need arose
for a method of determining flood depths for use in delineating approximate
flood=-prone areas. Regional flood-depth~frequency relations were developed in
Alabama for this purpose (Hains, 1977). Since that report was published, more
flood data have been collected. Updated techniques for estimating flood
depths on most streams in Alabama were ‘lerived for this study. Data for small
rural and urban streams in addition to the stations used in Hains's report,
including flood records collected through 1983, were used in the analysis.
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The purpose of this report is to present equations for estimating depths
of floods having recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years.
Equations and graphs for six different hydrologic areas for rural streams and
one set for urban stations statewide are given as the result of flood-depth
frequency studies in Alabama.

This report was prepared by the U.S. Geological Survey in cooperation with
the Alabama Highway Department. It 1is based on data collected as a part of a
cooperative program with the Alabama Highway Department, the Federal Highway
Administration, and other State, municipal, and Federal agencies.

DETERMINATION OF FLOOD-DEPTH FREQUENCY RELATIONS

Streamflow and stage records are available for 164 gaging stations on
rural streams and 23 gaging stations on urban streams in Alabama. Records
were analyzed to provide equations for estimating the depth of floods in these
streams with recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years.
Of these 187 stations, six rural gaging stations were deleted for the
following reasons: (1) variable backwater during floods, (2) stage-discharge
relations not defined, (3) requlation of floods by storage reservoirs upstream
from the gaging station, or (4) too much variation in elevation of the point
of zero flow. One urban station was deleted because urban development changed
the size of the drainage area several times during the period of record. For
location of the 22 urban gaging stations see figure 1 in the report by Olin
and Bingham (1982). The locations of the remaining 158 gaging stations on
rural streams are shown in figures 1 through 4.

Flood depths were computed as the differences in the elevation of the
point of zero flow and the elevation of the flood. The elevation at the point
of zero flow was computed from discharge measurements made in the vicinity of
the gaging station and stage-discharge relations. Discharges were obtained
for the 2-, 5-, 10-, 25-, 50-, 100-, and 200-year floods at stations using
procedures from "Magnitude and Frequency of Floods in Alabama" by Olin (1984).
The depths for each recurrence interval at each gaging station are shown in
the Supplementary Data section at the end of this report. Selected data from
two completed studies are included in the Supplementary Data section. The
first study was for 37 small rural streams (0lin and Bingham, 1977) and the
second for 23 urban streams in Alabama (Olin and Bingham, 1982). Synthetic
data derived from a rainfall-runoff model were used in both of these studies.

Regression Analysis

Since flood-depth information 1is c¢ollected only at gaging stations,
mathematical methods are required to transfer the measured information to
ungaged sites within the State where flood-depth information is needed.
Regional analysis is a method of doing this. The regression method described
by Riggs (1973) is a useful means of regionalization within a State because
flood depth for a selected flood recurrence interval can be related to basin
and climatic characteristics.



The regression model used in this study is of the form

b ¢ d
Dn = aX Y 2Z

where Dn = flood depth above bottom of channel having an n-year
recurrence interval (dependent variable),

X, Y, Z = basin and climatic characteristics of drainage basin
(independent variables), and

a, b, ¢, d = constant and coefficients for a given recurrence
interval n.

A previous study in Alabama (Hains, 1977) indicated that flood depth is
linearly related to the drainage area of the basin in hydrologically similar
areas if the logarithmic-transformed data are used. Therefore, in this study
all values of flood depths and drainage basin characteristics were transformed
to logarithmic values. Multiple regressions were performed using the stepwise
procedure "maximum RSQUARE improvement" (MAXR) (SAS, 1982).

RSQUARE is the coefficient of determination (square of the multiple
correlation coefficient); it measures how much variation in the dependent
variable can be accounted for by the model (independent variables). The MAXR
method begins by finding the one-variable model producing the largest RSQUARE
and adds another variable that will produce the largest increase in RSQUARE.
Each variable in the two-variable model is compared to each variable not in
the model. MAXR determines if removing one variable and replacing it with
another would improve RSQUARE. Comparison or replacement of variables con-
tinues until the "best" two-variable model, three-variable model, and so
forth, is derived.

The drainage basin characteristics tested for significance (5-percent
level) in the regression are:

° Drainage area (A), in square miles. The total drainage area
upstream from the gaging station, as planimetered from U.S.
Geological Survey topographic maps or aerial photographs.

° Main channel slope (S), in feet per mile. The average slope
between points 10 and 85 percent of the distance from the
gaging site to the basin divide.

° Main channel length (L), in miles. The length of the main
channel between the gaging site and the basin divide, as
measured along the channel which drains the largest area of
the basin above each junction.

° Mean basin elevation (E), in feet. The mean elevation of the
entire basin above National Geodetic Vertical Datum of 1929,
measured from topographic maps by transparent grid-sampling
method (20 to 60 points sampled in each basin).



° Storage (St). The surface area of lakes, ponds, and swamps
expressed as a percentage of the total basin drainage area.

° Forest cover (F), in percent. The area of forest expressed
as a percentage of the total drainage area.

° Soils index (Si), in inches. Data obtained from a previous
flood report by Olin (1984).

° Mean annual precipitation (P), in inches. Data obtained
from Climates of the States (U.S. Weather Service, 1957).

° 24-hour 2=-year interval rainfall (I24-2), in inches. Data
obtained from Technical Paper 40 (U.S. Weather Bureau,
1961).

° Latitude and 1longitude of the gage (LAT and LONG), in
degrees. Data obtained from the previous flood report by
Olin (1984).

° Impervious area (IA), in percent. Data obtained from pre-
vious urban flood report (0Olin and Bingham, 1982).

The multiple regression analysis of the data for 22 urban stations indi-
cated that, of the characteristics tested, the most significant were the
drainage area and the percent of the basin occupied by impervious area.
Residuals of this regression were plotted on a map of Alabama and no geo-
graphic bias was detected.

The regression equations for urban streams are of the form:
Du = a (a) P (1a) €
where Du is the flood depth, in feet,
A is the drainage area, in square miles, and
IA is the impervious area, in percent of total drainage area.

The equations for estimating flood depths for the 2-, 5=, 10-, 25-, 50-,
100-, and 200~year recurrence-interval floods on urban streams are given in
table 1.

The multiple regression analysis of the data for 158 rural stations
indicated that the most significant characteristic tested was the drainage
area. The residuals of this regression were plotted on a map of Alabama to
check for geographic bias. A geographic bias was detected and the State was
divided into six hydrologic areas. The boundaries of the six hydrologic areas
initially were chosen to agree with those used in a report by Olin (1984), and
then were modified and are shown on figure 5.
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A second multiple regression analysis was made on the data for the rural
stations grouped into the six hydrologic areas. The residuals from this
second regression when plotted on a map of Alabama showed no geographic bias
except for hydrologic area 6. Two stations in hydrologic area 6 [Big
Escambia Creek at Flomaton, Ala. (02375000) and Franklin Creek near Grand Bay,
Ala. (02480150)] had flood depths closely related to those of hydrologic area
5. For this report the boundary of hydrologic area 6 was redrawn so that
these two stations would be in hydrologic area 5.

Flood depths from the remaining stations in area 6 were combined with
flood depths from stations in hydrologic area 1 and another regression
performed. Residuals from this regression were plotted on a map and no bias
was detected. One reason that the flood depths in areas 1 and 6 are similar
is that the flood magnitudes for streams in each area have similar charac-
teristics and were estimated from the same equations (Olin, 1984).

The regression equations for rural streams are of the form:
Du=a (A) b

where Du and A are as defined above. The equations for estimating flood
depths for the 2-, 5-, 10-, 25-, 50-, 100-, and 200-year recurrence-interval
floods for rural streams in hydrologic areas 1 through 6 are given in table 1.

Drainage area for the rural gaging stations used in the regression
analyses ranged from 0.44 to 1,344 mi2. However, the distribution of drainage
areas varies from one hydrologic area to another. The following table shows
the range of drainage areas for each hydrologic area, and the drainage area
and percent impervious area ranges for the urban stations. The user is
cautioned that if the equations are used outside the limits shown, errors may
be greater than those defined by the data.

Ranges of drainage area and percent impervious area

Hydrologic Drainage area Percent impervious
area nos. area

1, 6 0.44 to 1,027 -

2 3.65 to 769 -

3 1.27 to 792 -

4 2.69 to 333 --

5 1.44 to 1,344 --
Urban 0.16 to 83.5 8.3 to 42.9



Accuracy and Limitations

The reliability of the flood-depth frequency equations is approximated
by the standard error of regression of the equations. The standard error of
regression is the standard deviation of the distribution of residuals about
the regression line. This means that approximately two-thirds of the values
estimated are within one standard error and 95 percent are within two standard
errors of the observed values. The errors associated with the use of the
equations to estimate flood depths in ungaged streams are unknown. The errors
are assumed to equal the standard errors of the regression equations. Table 2
gives the standard error of estimate by hydrologic area for the selected
recurrence intervals.

The urban equations should not be used in hydrologic area 4. The rural
equations estimate larger flood depths for some recurrence intervals in hydro-
logic area 4 than the urban equations due to the area having impervious chalk
and marl which produces high runoff. The equations should not be used for any
streams subject to regulation, significant channelization, or where other man-
made structures significantly affect peak stage, discharge, or channel slope.

A check for bias in differences in flood depths from station data and
flood depths from estimating equations showed that the equations tend to
overestimate the 2-year recurrence interval depths by an average of 7 percent
and under estimate the 200-year recurrence interval by an average of 25
percent.

In computing flood-depths for a minor tributary near the confluence of a
major tributary, the drainage area below the confluence should be used in the
areas of backwater because the major tributary would cause backwater for some
distance upstream in the minor tributary.

The equations should not be used for streams with drainage areas larger
than those of the gaging stations used to define them. If information about
flood depths is needed for these large area streams contact the U.S.
Geological Surveye.



Table 2.--Standard errors of estimate, in percent, for regression equations

Recurrence Hydrologic=area number for

interval, Urban streams rural streams
in years 1&6 2 3 4 5
2 23 27 18 26 27 24
5 23 28 19 22 28 24
10 25 28 19 21 28 25
25 25 29 19 19 29 27
50 25 30 19 18 28 28
100 25 31 19 17 28 28
200 26 32 20 17 29 29

USE OF FLOOD=DEPTH EQUATIONS

Flood depths can be estimated for the 2-, 5-, 10-, 25~, 50-, 100-, and
200=-year recurrence intervals for most ungaged rural streams within the
drainage area limits shcown on page 6 and urban streams with drainage areas
from 0.16 to 83.5 mi2 with impervious areas from 8.3 to 42.9 percent by
solving the equations in table 1. The hydrologic areas needed for selecting
the applicable equations are shown in figure 5. Graphs showing the relation
of flood-depth versus drainage area were prepared using the eguations in table
1 for estimating the 2= through 200-year depths for each hydrologic area for
rural streams (figs. 6=10) and for urban streams in Alabama (figs. 11=-17).
Flood depth estimated from these equations and graphs is the depth in feet
from the points of zero flow to the water-surface elevation. The boundaries
of the hydrologic areas shown in fiqure 5 were drawn to avoid crossing most
streams except for large streams (streams with drainage areas greater than
those used to define the equations). For ungaged basins lying in more than
one hydrologic area, flood depths downstream from the boundary can be esti=-
mated by using the following weighting equation.



where Ds

Ddw

log(Ds) = 1.66 {}og (2As/Ab) [}og (de/DuRE]} + log (Dup)
is the depth at the study site,

is the depth at a site where the drainage area is two times the
drainage area at the boundary between the hydrologic areas.
This depth 1is estimated from the equation for the downstream
hydrologic area,

Dup is the depth at a site where the drainage area is 0.5 times the

As

Ab

Flood-depth relations should not be used to obtain flood discharges;

drainage area at the boundary between the hydrologic areas.
This depth is estimated from the equation for the upstream
hydrologic area,

is the drainage area at the study site, and

is the drainage area at the boundary between the hydrologic
areas.

the

methods for discharge estimation are presented in the report by Olin (1984).

As
followin

an example, the depth of the 25-year flood may be estimated by the

g procedure:

1. Locate the drainage basin in figure 5 to find which hydrologic

area it is in. For example, Mulwee Branch at County Road 48,
near 0ld Bethel, Colbert County, lies in hydrologic area 1.

From the best topographic map or aerial photograph, determine
the drainage area size upstream from the site at the road
crossing. The drainage area size as determined from a U.S.

Geological Survey quadrangle map is 1.70 mi2.

3. Using the equations for hydrologic area 1 from table 1 or the

graph in figure 6, the 25-year flood depth is determined as
6.7 ft above the point of zero flow. This is the estimated
25-year flood depth for Mulwee Branch near 0ld Bethel.

The user is cautioned that the urban equations should be used for com-
puting flood depths in urban areas if the impervious area is greater than the

lower limit shown in the following table.

If impervious area is less than the

lower limit shown, use the applicable rural equations. The urban equations

should n

ot be used in hydrologic area 4.

Lower limit of
impervious area,

Hydrologic area in percent
1, 6 13.0
2 8.3
3, 5 9.5



The depth of a flood for selected recurrence intervals for an urban
stream may be estimated by the following procedure:

For example, the depth of a 50-year flood is needed for Cribbs Mill Creek at
Kauloosa Avenue in Tuscaloosa.

1. From the best topographic map or aerial photograph, determine
the drainage area size. By using the grid method, (Olin and
Bingham, 1982) determine the percent of the drainage area
that is impervious. The drainage area size as determined
from a U.S. Geological Survey quadrangle map is 10.7 mi2, of
which 22.3 percent is impervious.

2. Using the -equations for urban areas in table 1, the 50-year
flood depth is determined as 15.2 ft above the point of zero
flow. This is the estimated 50-year flood-depth for Cribbs
Mill Creek at Kauloosa Avenue in Tuscaloosa.

The following procedure is recommended for estimating flood depths for an
ungaged site on the same stream as one of the gaged sites listed in Supplemen=-
tary Data. The procedure is used for sites where the ungaged area is within
50 percent of the gaged area. Flood depth data can be estimated by using
nearby gaged site data at the ungaged site and weighting with the regression
data for the ungaged site. Locate the gaged site on the topographic map.
Check the reach between the gaged and ungaged sites to see if the flood plain
and channel slope are fairly uniform. If they are, the flood depth at the
gaged site can be transferred either upstream or downstream by the following
equation:

Du = [(Au/Ag)P] Dg
and a weighted value can be computed by the equation:
Dw = (2a A/Ag) Dr + [1-(2 aA/Ag)] Du

where Du is the flood depth at the ungaged site for the selected
recurrence interval transferred from the gaged site;

Dg is the flood depth for the selected recurrence interval at
the nearby gaged site from the Supplementary Data;

Dr is the regional flood depth for the selected recurrence
interval at the ungaged site computed from the applicable

hydrologic area equation;

Dw is the weighted flood depth for the selected recurrence
interval at the ungaged site;

b is the drainage area regression exponent from table 1 for the
applicable hydrologic area and selected recurrence interval;

Au is the drainage area at the ungaged sitej;

10



Ag is the drainage area at the gaged site; and

A A is the difference between the drainage areas of the gaged and
ungaged site.

The difference in drainage area between the two sites should be less than 50
percent. If the difference in drainage area is more than 50 percent or the
flood-plain width and channel slope in the reach is not uniform, then use the
applicable regression equations (table 1).

The depth of floods for selected recurrence intervals of an ungaged site
on the same stream as a gaged site may be determined for example, by the
following procedure:

1. Locate the stream in figure 5 and the gaging station location
in figures 1 through 4. For example, Kelly Creek at mouth of
and including Wolf Creek about 1.7 miles southeast of Lawley,
in Shelby County, lies in hydrologic area 1.

2. For the gaging station on Kelly Creek, station 02405500,
obtain from Supplementary Data the drainage area, Ag, of 193

mi2 and the 100~year flood~depth, Dg, of 26.6 ft.

3. For the ungaged site, determine the drainage area, Au, of 175
i 2
mi<.

4, From table 1, obtain "n" of 0.233 for hydrologic area 1 for
the 100-year equation.

5. Transfer the 100-year flood depth from the gage site using

( au \ b 175 \ 0. 233
Du=\ Ag/ Dg = \ 193 (26.%> = 26.0 ft

6. The regional 100-year flood depth estimated using the areal
equation is

Dy = 7.024(A)0-233 = 7,024(175)0-233 = 23,4 ft

7. The weighted 100-year flood depth is estimated using

2aA 2aA 36 _36
Dw = ——Ag Dr+ - _Ag Du = 193 23.4+ 1-193 26.0 = 25.5 ft

The weighted 100-year flood depth at the ungaged site upstream from Kelly
Creek, station 02405500, is 25.5 ft.

11



SUMMARY

This report presents methods and examples for determining flood=~depths for
rural and urban streams in Alabama that can be used in designing highways,
culverts, and bridges.

The depths of floods at gaging stations were computed by taking the
difference between the elevation of floods with recurrence intervals of 2, 5,
10, 25, 50, 100, and 200 years and the elevation at the point of zero flow.
The elevation at the point of zero flow was determined from the latest stage-
discharge relation and discharge measurements made in the vicinity of each
gaging station. The elevations of the flood peaks were determined from the
latest stage-discharge relation for each station.

Multiple regression analyses were made wusing the "maximum RSQUARE
improvement"” procedures. The dependent variable was the flood depth and the
independent variables were 10 basin and climatic characteristics. Drainage
area was the only independent variable significant at the 5-percent level for
rural streams. Drainage-area size and percent impervious area of the basin
were significant for urban streams.

Residuals from the regression of urban stream data were plotted on a map
of Alabama and no geographic bias was detected. The residual plot from the
regression of rural stream data showed geographic bias and the plot was used
to redraw boundaries of six hydrologic areas used in Olin's (1984) flood
report. Regressions were run using the stations grouped in each of the
hydrologic areas. The plot of these residuals for each hydrologic area showed
no geographic bhias. Stations in hydrologic areas 1 and 6 were combined and a
single set of flood-depth equations was determined for these two areas.

The urban equations should not be used in hydrologic area 4. The rural
equations for hydrologic area 4 estimate larger flood=depths then the urban
equations for some recurrence intervals. Area 4 has impervious chalk and marl
which causes the high runoff. The rural equations should be used for urban
streams where the percent impervious area is less than the lower limit shown
in the use of flood=depth equations section of this report. Urban equations
should not be used for streams in some of the hydrologic areas when the imper-
vious area is 13 percent or less. Urban equations underestimate the flood
depth for urban streams when the impervious area is 13 percent or less in some
of the hydrologic areas. The equations should not be used for streams subject
to regulation or significant channelization, or where other manmade structures
significantly affect peak stage, discharge, or channel slope. The rural
equations can be used for streams with drainage areas within the limits shown
in this report (0.44 to 1,344 miz), and the urban equations can be used for
streams with drainage areas of 0.16 to 83.5 mi? and impervious areas from 8.3
to 42.9 percent.

When computing flood depths for a minor tributary near the confluence of
two streams, use the drainage area below the confluence 1n the area of back-
water is because the larger tributary would probably cause backwater for some
distance upstream in the smaller tributary.

12



The flood-depth relations should not be used to compute flood discharges:
methods for computing flood discharges are given in the report by 0lin (1984).

For most streams where the drainage area is greater than indicated, flood-
profile data and gaging station records are available for use in estimating

flood-depths. Flood routing and historic flood profiles are available for
many of the large streams which have flood regqulation.

13



REFERENCES CITED

Hains, C. F., 1977, Regional flood-depth frequency relation for Alabama:
Geological Survey of Alabama Circular 97, 13 p.

0lin, D. A., 1984, Magnitude and frequency of floods in Alabama: U.S.
Geological Survey Water-Resources Investigations Report 84-4191, 96 p.,

1 plate.

Olin, D. A., and Bingham, R. H., 1977, Flood frequency of small streams in
Alabama: Alabama Highway Department, HPR Report 83, 44 p.

----- 1982, Synthesized flood frequency of urban streams in Alabama: U.S.
Geological Survey Water—Resources Investigations Report 82-683, 35 p.

Riggs, H. C., 1973, Regional analysis of streamflow characteristics: U.S.
Geological Survey Techniques of Water-Resources Investigations, book 4,

chap. B3, 15 p.

SAS Institute Inc., 1982 SAS Users Guide--statistics: Cary, N.C., SAS
Institute Inc., 584 p.

U.S. Weather Bureau, 1961, Rainfall frequency atlas of the United States: U.S.
Weather Bureau Technical Paper 40, 115 p.

U.S. Weather Service, 1957, Climates of the States, v. 1-Eastern States.

14



‘ewreqely uldjseayjnos uy suonels Suresd jo uonesoy

¥ 04 | seunBy; jo uoljoo0|

Buimoys owoqoly jo dow xepuy)

*y eanbiy g
.Qtaot\\

°g oanbiy
SYUINOTN oY og 114 -1} [}
| I N
| | | I |
[} 24 al Q

f<all BN 14

000°'000°}:1 dow esDq 8DyS

Asaung |poijBojoeg SN WO 88DY

WIARNN ONV NOLLVLS DNIJVD ooo—hnuom

-1 oanfiy

M YAIN3IO
0lSS9ST0
1
| _ . ___00SYefZ0
NOLSNOH !
I -.\. _
——— 1
' Noo:nﬁ_.
M 334409
[ 1Yi3431] IV _

]

M | M M

sLTa9so SS0L9sZ0

00SSYST0 ANIH _ Q\V
q — -

- |00M—RN0M

=

NOLONIAOD
L1742 Now

coauhhuo.lww

01824820

11

SLISYST OOOO."N Ocon.ﬂﬂo ﬂ -
00009820 OQOsNOM TUne
Diid >»<Im2ux0
ynoayve M
nQNN.n\NOM goausTo a
AR o
* ssezreo
/ F0TIN8 !
SIANMON

TI3ssny

tlllnull.ll-,/_L AY3INOOLNON ,#
NOJYN N

ooo-u*«o

1

=o€

ﬁ-onnhnuo

15

NOILYNV1dX3

Jyom3

_J songiren d g M

<mo odyTivL

# yonvyiny

X

]
o 1
[ 12444 %4"]

]
98



r024l7500

024“500

02420000

A\

&MLS PERRY f AUTAUGA
ouzzsoo
02488000
SUMTER (
! 02422000
02488500
\: & DALLAS
- - 02427013
02489500 MARENGO % 02425635 {
& _l \’\ 02428500
02488550
/\/ & 02427700 \\_ _J LOWNDES
390~ CHOCTAW & ouznn ,
ouuno f) xw‘ﬂ WILCOX - -
ozusno/ H _ A\—ou_znoo
02489800
\'\ X . BUTLER
- CLARKE 02428500 !
& 02420000 ,
\ 02470100 | /
& 02373000
j (l MONROE %r
1 1
WASHINGTON ! /\/ / im"m n
&02679420 t/) \ 242.595 CONECUH 4
{ ,’3\ - - COVINGTON
’ -
| - ‘ ESCAMBIA 02568800
02375000 \
B & &
3‘._ &
02479800
\ ,
15 02479583 S ALDWI
b f BALDWIN EXPLANATION
7/
ozmocrn 02377300
X 02470100 GAGING STATION AND NUMBER
MOBILE
Yunsoo
Xj“"‘“ Base from U.S. Geologlcal Survey
State base map 1:1,000,000

Figure 2. -

16

10 20 30

I | l

30

40 MILES

o —r—0

40 KILOMETERS

Location of gaging stations in southwestern Alabama.



86° 5°
250 03374706 | 8

A N
MADISON S

l JACKSON

03573000 /
& }iossuws /
i /
03574500 ,
ossuu? /

_.1
DE KALB

j 02400690
ORGA)NV/ L\\—,/ & , /

I ( 03572900
| MARSHALL ; /
0357300
I 02398300
02402000
CULLMAN i \*Af \
02398300

- CHEROKEE

ouusoo/
tmoouoo
02435000 ETOWAH
& 02400000
34°-
BLOUNT / /\ 2401500(‘

o:ssouoo
,/ f om}ooss
,__[ ououoy CALHOUN & !

ST CLAIR

CLEBURNE
JEFFERSON ) \\«— = 0240“00

02412000
02‘0‘500 2404000 &

L ouossoo ouou -
/ % izuzszo

k<

02412500

0240800
ouossocj‘o / \"J 1&"“”“ EXPLANATION

SHELBY I’

02413400
?7500 "—Aozwsaoo CLAY ( &
- £,
0
[}

cronse 2413473 02401500 GAGING STATION AND NUMBER
TALLADEGA &
. xwuoo ‘l RANDOLPH
“Iowmoo 02408000 K f
o_ Z & 02413000 Base from U.S. Geological Survey
3 02408800 ! |
& CHAMBERS State base map 1:1,000,000
TALLAPOOSA .
\ coosa ozuono 1 ‘° 2l° 310 ]40 MILES

]
CHILTON 02417400 I

o
- %—Xouioooo— ] ~ r—— 20 30 40 KILOMETERS
AUTAUGA ELMORE < “"

Figure 3. - Location of gaging stations in northeastern Alabama.

17



35°— !

(03383380 87‘

LAUDERDALE

\\ &03500,000
0!502500\ ) /

A IZ:

LIMESTONE

3383300 MADISON

ossniloo
//\

Q,é,,, e

COLBERT ;
Jyodseaee0 . J LAWRENCE 1 \ N )
| oss7ro~~-" "\
0339200 03592300 03577000 &
& Z 03578148
FRANKLIN | | MORGAN
03574300
03581800 03391870 S
- —_&_ ; | Sio“u“”o L. )
MARION 02437800 02431330
02437900 1 | | Y“swso
S ! WINSTON
B -—Zf;usaooo

FAYETTE
02442000

&02445500

LAMAR

|
|
S:zuzsoo

&02445000

PICKENS

T? GREENE

suwznl\-,

3;12{4\49400
7

(&
g
\

HALE

S N

&oz4§g2.5205
A ﬁuusoo ’/I
02047008 TUSCALOOSA 02423800
r&\/ i BIBB
33°- /

CULLMAN &fj‘g““

1
ozusus B \< 02450200
Xj’mmo , " BLOUNT
02458500
WALKER L
l 02434000 0245.00‘

R

,
S

£)7457700

oz‘.z.oo \) 0245.500
S L ozuzooo JEFFERSON
e
f oz4zssoo¥
02484000 J4s2800 5{ ’ EXPLANATION
)

LL\ ’

' SHELBY

&02454000 GAGING STATION AND NUMBER

02624000

Y24240|0

State base map 1:1,000,000

Base from U.S. Geological Survey

40 MILES

r',_ — 1{: mL zlo 30
°

i

CHILTON

Loas |

10 20 30

Figure 4. -

AUTAUGA

Location of gaging stations in northwestern Alabama

18

40 KILOMETERS



! J « (/—\/ / \
5
'
= \
1 } \
” \
! Area 2
~ \
) L 3 Area 3 g\\
' ?:L:/
B
! - o
\
i i \
\
!
sy A \ ‘
4
71
N7

SRRIE D, SO AN Wy _2_[ ]
o 50 MILES
}—' T — —
o 50 KILOMETERS
Hydrologic areas.

Figure 5. -
19



-g pue | seare orSojoIpAy ur eare a3euresp 0} Aouanbaly yydop-pooyy Jo uoneRY -9 a8y

STTIN FAVNOS NI ‘VIAV FDVNIVIA

00Si 0004 oot ot X g

frrv v T 1Tl | L i | LI L | 1

Z

oezofv) 1662 =002q S
- eezolvIvzo L =001lg mm -
B eczolviéryr'9 = 0Sg 0S -
L ppzolV)06'S = S2q = o .
- ez o(v)ie0's = Olg TR =
— zozolvieey = Sa .
~  ogzolviezze = Cq —

(SHV3A)
AVAHILNI FOINIYYUNIIY

1 I O N | |

20

1334 NI ‘H1d3d 40014




oosi

*Z BaIe J130101pAY ul eaie Afeurelp o) Aouanbaiy yydop-pooy) Jo uoneRy

000L

0oL

STTIN FYVNOS NI ‘VIIV IOVNIVId

oL

— L 31y

I

I

IR IRIRI

T T T T T T7T7T

1zz'olv)szo's =002g
gzzolVivvL'v =001lg
ozzolv)ezs'y = 0Sq
zzolvLiey = 9¢q
gezolv)Lege = Olg
ovzolvieese = Sa
gszolvIvee'z = Za

¥

TTT1

111

I

I

(SUV3IA)

JVAHILNI IONIHYNOIY

] L1l

L1

i

L

Al Ll

ot

0

L334 NI ‘HLdJ4d d0O01A

21



oost

*¢ eaxe or8ojoipAy ur eare afeurelp o) Kousnbaiy Yidap-pooyj Jo uone[Yy

SATIN AAVNOS NI ‘VAIV ADVNIVIA

0t

- 'g aInd1y

oo

ooot 001 ot
| UL LR frrrr T | T TTT T 171
r —
- sp1o0lVIEvy'6 =002q |
6v10(V)Z6L8 =00lg
- ggl'o(v)oze'L = 0Sq . |
- 9910(V)6v0’L = S m -
- 8s10(V)LLe's = Olg s ]
- og10(V)EBO'S = Sq wm -
C  gelLolvIvy8E % .
i 00Z .
(SUV3IA)

Lii]

1

TYAHILNI JONIHHNOIY

1 11t

I

[ 13

1394 NI ‘HLdId dOO0T4

22



‘$ vaxe orfojoapAy ut eaxe afeuresp 03 Louanbaiy ypdap-pooyy Jo uonERY

STTIN FAVNOS NI ‘VIAV IDVNIVHA

- '6 2andig

(13

00Si 0004 0oL ol [ 1) ¥
(rreirt ¥ LIS T | LI 1 | LI 1 I 1 frvrruri
- go1-0(V)0ES 0L =002g -
B zLrolvivel e =00lg _
o810lv)ese'8 = 0Sg
B (810lv)ZeT8 = S¢qg 4 U
H cozolviege’s = Olg B
- 9zzoVIv8's = Sq w, 2
- gozolviovL'y = 2q ww .|
l
C (SYv3aA)
TVAUILNI FONIHYNOIY
ittt | | 1 | 1 Foal 11

ae

oy

1334 NI ‘HLd3a do014

23



‘¢ eaae oI3o101pAY ur eare afeuredp o) Aouanbaiy yydop-poorj Jo uoneRy - "Qf AndL]

SATIN TAVNOS NI ‘VAAV ADVNIVIA

00SL 0001 00! oL LX) 0
JrrrerrTvT 1 T frvrTt 1 1 | | | I v
-
oczolv)zesg =002qg b4
- ggzrolviozi'g =00lg S -
L ezolv)BoLs = 05g ol .
. 14
| zveolvizers = S¢g 05 -
- ogzo(v)Lssy = Olg 8gL —
[~ ggzolVI8L6'E = Sg u

gozolv)osL'e <a

(SHV3IA)
TVAHILNI IONIHHNOIY

| N | I | ] HEE N 1 Lit 1

L1344 NI ‘HL44d dOC1d
24




‘SBale ueqJn ul eaJe snoiazadun pue eare afeurelp o3 Yydap pooyj 18IL-7 Jo uoneRy - ‘[ andiy

STTIN TAVNOS NI ‘VIAV IDVNIVIA

ol o

LRI

Frrr v r I ! Trrr vl { i |

ot

oc

o€
ot

geeo(V) ez 0lWISZLL = 2q

(LN32H3d)
v3uv SNOIAHIdWI

| N 1 l

ol

(14

L334 NI ‘HLdAd dOO014

25



"seale ueqin ul eare snoiasddun pue eare afeuresp o3 yidap pooyj 18a4-g Jo uoneRy - ‘7| ansig

SATIN FAVNOS NI VARV FDOVNIVIA

(4] 04

I

|

I

LI | itrrbyr i ! I L) | I

11/

(U
ov

ozvolVllsezolvi6LL'L = Sg

(1N32H3d)
V3Hv SNOIAHIdNI

(3

[}

oy

1344 NI ‘HLddd d0014

26



‘sgaIe ueqin ul eare snojasodun pue eare afeuresp o3 udap pooyy 18aL-Q 1 JO UonERY - €| iy

STTIN TAVNOS NI ‘VIAV FDVNIVIA

oL ol

LU I ] IR L | |

m ..
oL

B sevo(Vilgzzolv)196°L = Olg N _

r —
o€

[ s

(LN3243d)
B V3IHvY SNOIAHIdWI i
L1111 1 ] L 1 1 1 ] 1 | I N O | ] 1 ]

0!

or

1334 NI ‘HLdad dO0T14

27



‘Seare ueqin ui eare snoiasadun pue eare afeuresp o) yidop pooyy JBIA-GZ JO UONERY - P NIy

SATIN JYVNOS NI ‘VIYV IDVYNIVIQ

00! ot [}
T 11 T T T TTT 1T 1T 1 1 T T I R I L | T T
8
— LevolVigizolv)zsl'z = S2a oL A
- -
0z
B oc |
- o
- -
(LN3D2YH3d)
B v3HVY SNOIAHIJNI -
1.1 1 ] ] 1 | N T A | ] 1 | I I I | | ] 1

o

L3944 NI ‘H1Ldad dOO01d

28



9bddr Lhyditl Ul LIAL SUHULASOUREY VL DUsh TRREESY Ve PSSy Y Y 770" AV~

SATIN FAVNOS NI ‘VIIV FOVNIVIA

ool LIS o 10
TT T T T 1 T T JTT T T T 1 I T TT T T 1T 1 1T T T T o
p— —
L 8
LevolVilgrzolviese'z = 0Sg ol
— -
= oz
0e -
ﬂ oy ]
- Ho-
(LN3D2H3d)
— V3IHVY SNOIAHIdWI ]
- ]
T I O | L L | T I | 1 1 | I A O I A B 1 1

oy

1344 NI ‘HLd3d qO014

29



‘Seale ueqin ur ease snoiasadun pue eae afeuresp o3 yidop pooyj 1eak-gQ| JO UONEPRY - ‘9] Indi ]

SATIN FAVNOS NI ‘VIIV IDVNIVIA

oot o o.,
R 1 T TTTT T T T 1 T TTT T 11 T T

B LevolViyzolviezs'z =00Llg g -

~ o |

i 0z -

oc |

ov ]

LI

1

(LN3DOH3d)
V3IHVY SNOIAHIdNI

ol

oy

1344 NI ‘HLd4d dO014

30



‘Seare ueqin Ul ease snoarddun pue eare aeuresp o) yidop pooyJ 1834-00T Jo UONERY - LI amsig

STTIN TAVNOS NI VIV FDOVNIVIA

001 ot 04 10
TT T T 1 1 I T TTT T 1 1 1 T T TTT 1T 1T 1 1 | I T ot
L -
— -
~ gsrolvViezolv)8ssz =002g 8 -
| oL
L oz
— (1] —
— or
- —401
(LN3243d)
= VY3Hv SNOIAHIdNI ]
T -
Ll 1 1 ] ] | I I I L L Lit i1 1 1 ] ] 1

oy

1334 NI ‘HLd3d doOo14



This is a blank page

32



L*L2

8°*9¢

9*6c

9°0¢
€°ol

[ X4

aealk-qoz

9°9¢

8°G¢C

z°61l
v°e

9°Lc

aesl-q01L

6°S¢C

6°vC

0°9c

L*91

€°L
L*zt

Vvt

aesalk-qg
Ie8j ut

0°*sc

0°ve

L°ve
€°gl
c°8l

s*ve

L°8l
S°9
9%t

L°Cl

aeslk-qgz

€°€C

s*ce

0°9tL

AR 44

8°vli
€9
L9l
v°s
8°0lL

S°0lL

aealk-qgi

‘yadep pootd

L°vi
L*0c
0Lt

£ el

z°st
vy
o°ot

8°8

aealk-q

6°LL

8°LL

9°01L
L°91
1°Gl

0°Ll

z°el
Z°t
g°8

€°9

aealk-z

€6l

%6V

LLT
£6¢C
(4%
[4-]%
9L°9
(474
29y
9Ll
vesi
6LE
99¢

(zTw) eaxe
abeutRIQ

JUODUTA aedu ¥Pa1) ATISN
UTODUTT ABBU YIII) ODDOTOID0YD

UTODUT IeaU
Teoys uosyoep 3B I)H ODD0TODI0YD

ebepeITel aeau 831D BYRIYD
I3JTUSL IeSU HI9I) 0DD0T0ID0YD
uspspes aeau }vaa) aoue) brdg
STITAYSY 3B 921D aoue) H1Ig
dnpnas aesu 921D STTIM bryg
aufed 3a04 Ieau Y9I SHOep
STITASTITH e }o8x) urdeaaal
surteld 93TYM Iesau 3a281) SadueN
JuoupaIg aesau ye8i1d urdexaay
esadg uepaog au ap uideaas] 9I13I3ITT
S11TAS®TARS 3B I9ATY eBHBOO33RYD

a1T1aS9TLARY
aaoqe a9ATy eboojzjzeyd

aureu UOTIRIS

00ssovzo

00svovzo

oovvovco

svevoveo

ooovovzo

gostioveo

o6elobeco

oocoLoveo

06900%C0

ootoovco

€e€0o0vco

oooo0vZo

00866€C0

00486£20

00€86€EC0

Iaqumu
uoT3els

| ¥I3dY DOIDOTOUAAH

VYIVAd XAVYLNIWITIANS

1



9°¢e2

o°vi

IR} 4

v°6c

S°el
veic
€°el
L*€C

xealk-poz

g°ce
q°ze
Z €l
0°L

L°9¢

8°tV

8°LC

8°0¢c
L°€L
8°1l¢

aeal-go1

€L

8°¢ClL
€° 02
6°Cl
8°61

Iealk-pg

£°ve
g°se
L°8E
L*ve
8°8

A4
L*ve

9°8

8°6l
9°ClL
0°8l

Tealk-gz

8°LL

0°ve
6°0¢
]

oLl

L*ce

0°61
z°ct
v°si

aeal-g

3993 ut ‘yjdep poold

g*sl

Z°6

0°v

6°62

L°oc

S°0L

v°8l

8°L1L

S°€El

| Jead-g aealk-g

A !

0°tt

£°0tL

LLe
£°vL
L°et

6S°0

Leot

Lvi

0€C

€0¢
L6°v
voeL

1% X4

60°8
Lci
S*96
oSt
Lot

(zTw) eaxe
abeuteaqg

UO3TTWeH MOT3q JI9ATY 29yojeyelang
UORTTWRH JIe3U YaaI) SPOOM
bangaTyory IeEaU Y29I1) ured
9TTTA9I3Ud) JEBAU Yo21) Apues
9TTTASIUID 3B ISATY eqeyed
PI®TJaIatTag au y eqeyed 9133T1I
uojldy JEdU ISATY edqeye)d

sauop e Y2I1H KAxasqInpw

TeI3ua) IedUu YI9I) uosiaeg
e)YInboay Ieau Yaaad exynbospm
PIOINO0Y JedU Y99ID 3IUDJeH
193eMpO0H AU ID IBYDIBH 9TIITT
KoTTeA 9TqIel Iedu }9aID Jured
STTTAUOSTIM IU Y99ID JESTMOTTOX
autdy e ¥991D ebaperTel
ebopeTTeR] XPaU 991D evbapelTel

swreu uoT3els

0008€EVZ(

006LEYCO

008LEVCO

oLoveveo

000vZvCo

008t£2ZvC0

00S€CPCO

00522%20

0000LPZ0

00060720

00580720

ovesoveo

006L0PC0

ooscLoveo

00590%v20

00090%20

Jaqumu
uorjels

(PONUT3UOD) | VHNY OIDOTONMAXH

34



9°82

v°99

L°LS

0°LiL

¢°92

L° €

veel

8°L

6° LV

aealk-p02

(A <T4

v 89

8°GZ
€°61

aeak-qQlL

aealk-qog
3993 ur

L Ly
Z°vi
st
9°ce
9°8¢
€°6
L°9

8°9

aeak-qgz

Lvi

8LV

aedl-q1

‘y3dep pooTd

8Lt

L°GE

s*gl

L°SE

9°1t

8°81

S*ve

6°9

8°G

vree

g8°cl

0°8l

8°91

aeslk-q Iedhkg

L°S

9°¢

6°v

6°91

L*S

8°6

€°vi

LSl

€°96

G988

€0t
Lyl
0°g8
vel
oL vy
vo°i

(428"

(2
abeuTeiq

Tw) eaxe

buTSSOID UUTT B YIOI) STTWSATJI
axhles e ¥I04 3ISNOOT

STIAOKW 3 ¥22I) LAayang

piojjex] 3 }I0J 3ISNDOT
pUBRTSA9T) IEBSU JIOJ ISNOOT
peaus mol9q }Iojg 3ISNOOT

ueun{eQ ILSU X991 IJIOM

uRUNBRQ IRDU }B3ID 3ISOT

IITIH uogIe) Ieau o) weyieayd
uTMpIedg Ieau 991D ISOA

JUTOg 3ISOM IBDU Y99i1) pargiep
uosfein xesu iog Aosdrs
eryd1opeyay Ieau 991D Lasxoq
K310 uepaes Iu aod AxxdqInW

PISTIUTM JILSU ISATY MON

JUSHTIINS IeaU IDATY 23ydjeyelng

sureu uoOIJe3IS

00LLSV20

0059S¥20

0009s¥2o

00559¥20

000S5S¥C0

oosvsveo

00Zvsveo

goovsveo

0oeesvZo

0SL1LSveo

06S1LS¥eo

ogeosveo

0020S¥Z0

0000S¥20

sveshveo

0006€£vZ0

Iaqumu
uot3els

(PePNUT3UOD ) | VRV OIDOTOYAXH

35



aealk-poz

6°6
¢ L

2°92

aeak-Q0L

c°8
6°sl

9°¢T

aealk-og
3983 ur

aealk-gz

Sl
0°8¢
v ol

€°LL

aeak-qy

‘y3dep pooTtd

6"V
/AN NY

8°Vli

9°v
z2°0¢

aesk-qg

L*v
£°01L

L°T

aedk-z

6Ll

9¢l

0° 6P

0G°¢€

[A 42

o

oce

€ce

801

€°Gv

(4 3}

8¥1

(zTw) eaIR

abruteIag

SUDU3ly JILdU XDOID) BUOISDUTT
93391074 3® 398I1) 0DP30D
UOSTPE JBaU 391D URTPUT

Speoy SSOID SuaMO
Iesu YIIID SA0) ISAOTD

9seyD JIesU ISATY IUTTA
BUASTg JIe8U ydueag ISTeM
9TTTAPOOM I®SU IBATY OO IUTed
y3aeo xesau ¥aaal Lig a133ITT
9TTTAIISQTY IedU I2@31) JIOYS
BUTPTEASD IBSU HO3ID UMOJ,
eUYjURWES IP9U JIBATY YIAON

3TOH I®BdU 931D BURDTIANH
JjueUIaqY MOT3qQ 831D STAERQ
ueuNEQ JIEBIU 831D 8nTd

3A019 O Iedu ¥381D ASTIRA

auru uoTle3s

0G829LG¢€0

8V 19LSED

0€8SLSED

0veESLSED

0005LG¢€0

96LVLGED

00SPLSED

SOvPLSED

000€LGEO

006CLSED

ooo¥ovco

00se9ovZo

00829%C0

00929%Z0

000¢9veco

Jaqumu
uoT3e3s

(panuTI3uod ) | VY JISOITOINAXH

36



aealk-qoe

aeak-001L

aeak-qg
3933 ut

6°¢cc vie
0°gl 6°¢l
0°s¢C 9°cc
v gl 6°Vi
G0t L°9c
L°ee L*1e
0°81 €£°G1
0°¢ec v*ce
v'e 6°L
L°cl STl
0°6l 0°81L
0°tLe L°8¢
9°vL Lel
Lot 8°6

v-oc S°9l 681
9°vi 9°¢ct £€9¢
9°cc 6°91 €vi

9°81 8¢t 8°9¢

Lot 9°6 60¢
£°1c 0°61L 991
L9 6V ¢6°S

0°ti 9° 01 st
ctLl 9°Gl 891

aesalk-gz JIedk-(| IE3A-G Iae3l-g (zTw) eaxe

‘yadep poold

sbeuteIq

doystg e 921D Ieag

UMO3TTBH JEdU 991D aeag o133 TT

93Ts 3uesealq

aeau 291D ABPID

Aeg pay aeou 991D aeag

bangaTOrRH aeau 291D Ieod

1ITW A9sog 3e 291D aead

20uU3I0T4 aeau y9ax) ssoadip

pueT3ano) 3p @91) =sueN big

uojburxog IU ID
sbutads poos

9T T9S3aPH aesUu
ST1TAYEQ aEdU
STTTANTI®S

suayI¥

uosIapuy 34 ISOM
Ieau 991D aebng
981D JUITA 3ISOM
39210 JUTTI ISOM
aesu }93I) JUTTJA

aeau 9910 Asutg

sweu uoT3Iels

00SC6S€0

00€26SE0

002¢26S€0

00026S€0

0081L6SE0

0LG16SE0

00006G€0

00598S¢€0

08£G89E0

00£G68S¢E0

OLLLLSED

000LLS€E0

00G9L9¢0

00v9L9¢€0

Jaqumu
uot3els

(PSNUTUOD ) | VHIV DOISDOTOHAXH

37



0°g

€°LC

aealk-goe

L°6ecC
8°01L
S°L

L*9¢

€°91

aeak-q01L

€°01L
gL

0°s¢c

aealk-qgg
3993 ur

0°LC
8°6

8°9

aeok-gez

0°6
c°9

L*ce

aeok-g|

‘yadep pooTd

L°vt c el
€€l o<ct
9°0! S°6

v°e q°8

Iedld-g aedld-g

L09
9°€L
S9°¢
69L
8¢9
1384
28¢
Lt
9Cl
Lve

o€l

(zTuw) eaxe
abeuteaqg

UO3SBUTATT Je ISATY 29YDDO0UuIedNS 00SL9¥20

0I0qSuddIn ILIU HBIIDH IJTTWLATI 00559¥Z0

I90D IBDU YI321D AeL G0ZSOVZO

9bpTy JueseaTg Iedu xaaTy KXosdTIS 000L¥PZO

poald xedu xaaTy KeosdTs Qosovvyzo

sbpTig sox0O0W I I9ATY A9sdTS (0009VHZO

9@3304eg e x9aTy KosdTs 005SPPZO

Uo3TToxIRD IBBU HB9ID quqqnI Q00sv¥Zo

STTTASUSYOT4 IU ¥99ID 9ITd TEOD 000VVHZO0

370dTTTW e %9910 eITITedexnT (0SZHHZo

93394eg IPOU }39ID eTTTTedeXnT (00ZVHZ0

QueU UOTIL3IS

Ioqumu
uotie3ls

¢ VEIdY OIDOTOJdXH

38



s°ve

Lzt

aealk-goz

v°e

8°6l

9°LL

aealk-Qot

1°8 €L
0°ze veoc
6°6 9°8
8°1¢ 8°0¢
voLL 6°Si
L8 18
2°81 (A
9°0t 9°6
8°6Z 6°vZ
9°vL s'tl
c el 0zt
“xesd_gg xesk-gz

€°9 S°g v
v°8i L9 S*El
1L 0°9 vy
8°8l cLl vl
L°EL 6°L1L 0°ol
Z°L S*9 0°s
z°Gl sl £°0l
0°8 6°9 €S
R 4 6°12Z v 8l
8°L1L z°ot L°L
v-ot £°6 0°L
aealk-glL u@MMHm aealk-z

3993 ur ‘yadsp poold

XA
061

Lé6°L

L8°9
c6L
6Ll
8vv
9°69
L°66

(zTw) eaxe
abeuteaqg

uewas IesU YO9ID SUIeals
91T TAKBUNORY IU Y@931) 939qeITTH
STTITALOUNORH IESU 991D YONQIAPH

aaMOpaM
Ieau I1aATY esoodeiyey oT33TT

99MOpPSM LU 991D S9aMOpPOM
SOMOP3M 9AOQe 991D 99MOpPOM
eTT2J0 Ieau IaaTy esoodeyrTel
KAesdweg xesu 991D I8pPTH

UITJSH Ieau I9ATY esoodeylel
ebapete] aAoqe }ea1D evbeperrel

xejiTeg aesu 210 eddruesp

oovLivZo

000St¥Z0

008¥L¥Z0

00S€LPCO

SLYELDCO

00VELYCO

00SZLveo

0zeTiIveo

000Z1L¥20

008s0¥20

0SL07VECO

sureu uoT3IE3S

Iaqumu
uor3e3ls

€ YRV DIDOTOYAZH

39



aealk-goz

£°ec
9*1c
0°6

g*ec

xeak-gQ1

0°91
6°G¢

V6l

aeak-qg
3IeaxF ut

9°81

aealk-gy

LGl
9°0¢
LeLt

9°L1

aealk-qg|

‘y3dsp pooTd

6°61 6°LlL

0°8l 0Lt
AR X4 L*1e
6°21L 02zt
8°¢cc L°81

aealk-g aealk-gz

v°09
LSZ
Ll

8%l

S°L6
€°01
69°¢C
v*se
vevy
Lie
vve
062

vei

(zTw) eaxe
abeuteaq

I93eMleaMS JRAU }821) 9SIOH
udpuTtT Iesu anbog mesexoTyD
UOTTTEO Jdedu 931D 9TaTeld
sadg aedu y9ax) sauop
ybanquapaap au Y991) aayo3el1Tel
uspue) Ieau ¥a9a) KAaysang
ybnoaqury 3B }93i1D Layany
TTITH 3BO Iedu X@3x) artaTeid
pPIOJJeg IedU HI31D SBUTIED
sumoag aIu ¥931) o3zjztydsnbog
PWISS IRAU }¥99ID YSNKW

JIBJUTH 3B Y32ID IBPaD
oxoqsapmor au ya93i1D dwems b1g
Lx2wobjuo aedu 991D PWOIR)
aabaysny, aeau IY99ID IGATED
aabaysny, aesu aax) aadeydn
Koay, aeau A9ATY Ynoauod

aweu uoTI3le3ls

055969¥20

00489%20

00599%C0

00vevvzo

00€8C720

SL8LZVCO

00LL2¥20

00€L2P20

€10LevZo

0009¢v¢C0

§696ZveCo

00ss2¥Co

00022vC0

000LZ¥co

ST961LPC0

0006L¥Z0

0001L€20

Jaqumu
uot3els

¥ Ya¥Y OIDOTOYdXH

40



L°6
6 vy
0°6

voie

Ley

8°6

v°6
0°€l

aealk-q0z

0°6

8°EV

Z°8

8°0¢

£°6

vecl

aeak-Q01L

6°8

I 4

voL

L°oec

€°9¢

0°6

Z°6

8°L1L

aealk-og
3983 ur

8°8

90V

S*9

v 6l

aealk-qg7

9°L Z°9
S°LE veve
veg vy
£°8l VLl
Z°9 9°9
rANN 8 0°LC
6°02 0°6l
v-Gi €°vi
€°6 v°s
Z°ol v°e6
0°¢eeC 9°L1L
0°8 S*L
s*ie L*LL
L8 g'8
vecol 8°6
aealk-g1

‘y3zdep pooTd

Sy

L°9¢

L€

LVl

c°6l

0°91l

0°ct

9°L

S0l

6°9

ae9lk-qg aedl-g

vl

[4-2%1

Li*ec

867

ov°y

989

l62

col

8°98

o*viL

(zTw) eaxe

ebeuteag

23394eg Ieau
Azenqray youeag sSjuein

uoswes Ieau JID2ATY Bag

PTIOIDOTA ILSU yYdueIg SOIOOW
UO3TIY IedUu ISATH edd

uo3feT) IESU IYO9ID SUBDIIINH
UOJMON IraU IDATY 29Yd3ryme3doy)d

A31D puelpTW Jeau
IDATY 99yd3eymeldoyd }ao04 3sed

J}IeZO IESU YO91) Apnp

sbutads onTg 3®
IDATH 99Uyd3jeyMeloOoy) HI0J 3ISOM

puURTPRSH IR9U 991D UOSUAD3S
hangeTeH IeSU 991D 9T]qQY
STITASQQY IBSU X99ID 3TqqY

SITTAS93®Rg IRDU
991D 9ITMOD 3I0Jd Y3Inos

ey1Tedp aesu ya99a) sdiayg
a1eos IeSBU 931D 99YON

suwreu uoIje3Sg

0L€59€20
00S¥9€2Z0
SS0€E9€CO
000€9¢€20
) A XA XA

00019€20

00509€20

GLZ09EZ0

00009€20
00LEVEZO
00€EVECO

SLZEVETO

EE6CVETO
oocevezo

051Zveco

Iaqumu
uorjels

S Y3V OIDOTOYAXH

a1



8°02
L°S1

L°€e

aeak-002

aeal-00}

8°9l

Lot

8°61

9°vi

aeai-0g
3993 ut

9°Le
0°¢€C

€L

9°81
S°6l
6°11l

xealk-gyz

¢ 8l

8°ClL

aeoh-qg|

‘yzdep pooTd

aealk-g

Z°Sl
vl

8°6

aealk-g

Lzt

Lve

113

9Lt

LOE

oLY

oav 2

vhet

1414

00S

L°L8

L9V

ﬁNﬂEv vaaJe

abeuteag

umo3xaqiTo e ¥oaxd eddnjelo
I9T3INg IPDU HDI9IDH umgedon],

egqn) JIeau ¥991) SaydDnue Ty
yetaI JIesau I9ATY O913IFITT
STITASOIUOK IPBU H}BDID DUOISOWTT
utejunog aeau 91D eTd b1d
uoT3RWOTd P 991D pIquedsy H1g
u9aabasag IedU YO3I) IdpPANNW
PRyl JIBdU 991D UO0abTId
9TZUSYOW Iedu 19ATY ebindes
BPISNTRPUY IBSU }9dID 038D
eISNTEPUY IBSU I9ATY YNdauod
auxaAnT e 991D ebITeS3ed
KAaT3jueag 3e I9ATY Ynoauod
AoTpeag aeau JI9ATY I9j3emioeTd
Puim aeou a9aTY MOTTOX

2TIqgeg e @210 30Uy poomIybTI

aweu uoTle]lS

00L69%20

00s69%20

00089%C0

GRGeZPT N

0006CP20

0058Z%C0

000GL€cC0

00SPLECO

005€LECO

ooo€LECO

0LscLeco

0052LE20

000¢LEC0

00s1LLETO

00869¢€20

008L9¢€20

00GL9¢€C0

Jaqumu
uoT3e3s

(PONUT3UOD ) § VHAY DIDOTOUAXH

42



Ll 8°01L S0l Z°0l 8°6 £°6 S°8 v°9l Aeg puean 1edu 881D UTTNUBII 0GLO8HZO
S°8 Z°8 0°8 L*L €°L 69 v°o 56 °9 ASWTTM IedU 891D IBTA €8S6LPC0
v*oc (T4 8°¢C 9°2¢ 8°02 0°6l c°9l LS IDWTTM JIedU I9ATY edMeledSH 00G6LH20
8°L L*L v°o S°g 6°v 130 4 Ve 95°¢ edmejedsy xeau yosueld S93ITUM 0Z¥6LYZO
9°9 L*°9 9°g [} 9V v L°€E sZ°¢ U03XDOS AP3U YS3ID) UOSIeM 9Z0LLPZO
z°ct L°cl €°2L Z°it 9°01L 8°6 9°8 881 sbutads xaxTeMm 3e ID 339sseq 3Ised 001L0LHZ0
6°LL €Ll S*9l L°Slt 9°vi 6°¢tl 8°ClL vol S9TTTA®9330D Iedu 991D ed{T3es 00869HZ0
L°st Ll 0o°¢€t gt L°8 0°9 Gt SZ°L Isburtog 3@ 1D Bd1TMNOS STIITT 9€L69HZN
1eod_q07 I9A-00i ieoh-gg Iesk-gz Iesk-g, iesk-g Ieehg (p7w) weze  ouweu uotieds N
3991 ur ‘yadep pooTd sbruteaqg uoT3e3ls
(PBNUTIUOD ) G YAIY IDIDOTOUAXH

43



8°1¢ (S ¥4 veoc L6l 9°8l L*LL 0°91 scl BTYSTY IBSU YI3ID MES®YOTIUD L00LLPZO

26l ¥ 8l 8°LL 8°91 9°Gl 9°vL 8°Cl1 €°GS TTITH ISATTS aedu ISATY USTA 0098LECO
8°0¢ A4 L°61 L°61 z°8l €Ll LVl 2°26 Ka1xoT Ieau I9ATY XK3IS 00GLLEZO
aeak-gpz Ieok-ggL Iek-0g IR~z ITEBLK-(| IESL-G arOk-Z (zTw) eaxe swreu uoT3e3s Iaqumu
3993 utr ‘yjdep pooTd abvuteIqg uotr3eils

9 VIV OIDOTOJJXH



esooTeosny, ut

Z°slt 9°vL 6°€lL L€l Lot £°01 6°L 6°8¢ SL°C 9NUSAY puz 3® }82aD TTITIW SqqTID 98Z799%20
weybutwatg ut

veve 9°2¢ 9°0¢ 8°81 Z°9l Z°vi s°ol 8°9¢t 1°02 SNUDAY UINGITD e Y@8Id ASTIBA 00Z19%Z0

g6z Lz 0°9¢ z°ve 8°1¢ 8°61l 8°Gl 0°8l s*e8 STTTASWRPY Je 221D 9DBRTITA 00509%20

1Lz 9°6C 0°ve geec V-6l 6°91 veLl 0°sZ G Ee AoTsug uT M dNUBAY 3 1D 2BRTTTA 0S¥8SHT0
weybutwiTg ut

0°8l 7 9°91 8°G1 9°vi voel 9°0l 0°sT 0°9¢ 3939335 Y3ipz e Y921D 9beTITA 00£8SHTO0
weybutTwITg UT

q*ve S°le 6°0¢ 0°62 [l =14 0°2¢ vt g€°ee 9°6Gli 392135 dayoeTedy e ¥o21D °6RTITA 0028S¥Z0

6°8¢ 6°9C 9°veC [Ag 44 8°8l 781 0°0lL 0°LlL 6°€C PUO}BN 3B Y93aD STTWRATI 000LSHZ0

8°vlL L°vL S*vi vl 8°¢tl G°€l 82l 0€°8 €L poomusa1H Iv Y931) SIpRUS 0€9€£ZVZ0

9°91 Z2°91 G°Gl 0°¢ql 8°€l 8°ClL 0°Li £°91 L°0C POOMDWOH e 292aD Sapeys (8SETVTO0

€°6 8°8 v°8 0°8 Z°L L9 9°S 62V ze°l AzswobjuoW e ybnols uouueH /860ZVT0

KAzswoH3uo uT SnNuUaAY
veZlL o°Ll L0l v°6 Z°8 Z°L S*°S 0°ac 9C°L 2I0UITTd I ydurvag STTW S3AYL GL66LVZ0

8°€l 0*€l 2°Cl €°Lt 6°6 S°8 v°o Z°02 Lot A3TD 19pueXdTY B Y991D IebNS ZE091HZO

ueyjog uT STOITD ABTD

v°9l 6°vlL 9°¢l o°ct z°olL 8°8 v°o S°0€ i18°1 Ssoy e 831D a3Ardd 03 AxeINQTIL £€601L9€20
(3usodaad) (zTw)
ae9h-goz aeahk-go| Iedh-0g I1B3A-GZ IB2A-(| AP9A-g IEIX-Z eaae eoae sureu uoT3IE3sS Jaqumu
3993 utr ‘yadsp pooTd snota abeuterag uor3jels
~a1adurt

SNOILVLS NVEIN

45



8°vi Z2°vi 8°¢tlL €€t St 0°olL S°L L*vC 6V SD0USA0Td 3B 313ID IAd3JemldosMs (Q5Pe8SE0

9TTTASIUNY UT peoy
€81 Lot 6°Sl 9°p1 zezi €°11  8°8 veLe g*Lp uosuyor je youeag butads STTTASIUNH (G6GLGED

@11TAS3UNY UT
6°LL Letit v ot 9°6 g8 S°L 8°G € 6l L8°8 snuaAy SBwW[OH e ydueag ueibold 0€6SLSE0

STITASJUNH UuT
9°6 6°8 Z°8 VoL 8°g vy €°€ 0°0cC 9170 92a11g 3IeyAeH Je YOITQ USAPUDUTI 0L6GLSGEO

STTTASIUNY UT
8°GlL Syl z €l 8L Le0L L°8 9°9 0°21L 52z SNUSAY UOIUTTD 3B HP9ID HOOUUTd 068SLGED

9TTTAS3UNy UT

6°8 29°8 v°8 1°8 L*L 2°L L*9 0°02 29°0 399135 OMOH 3B (D3TQ S3IUTO4 SATA 088GLSED
L L°0L 8°6 6°8 LL L°9 z°s ov°8 6°€lL bbeTd ATTT Iesu 921D 96PTIPTVY 9695LGE0
9T1TAS3uny ut
0°9 LS v°s 0°S vy 6°¢€ 2°€ Z2°ot Sl 398135 daowsung e ¥edID 9bPTAPTY 9896/LGE0
9TTqOR UT pIeaaTnog
AN Z-°ol £€°6 s*8 €L v°o 0°S 0°g2 s8°L 3x0daTy 3B 891D }HDO0DPOOM GLEVOLLPZO
(qusoaxad) (zTu)
aeek-0pz aedk-Q0| AedA-0G IERA-GZ aedhk-p| Iedlk-g aedak-Z eaxe eaae sureu uoTjE]S Jaqumu
3993 ur ‘y3dep pooTd snota @bevureag uor3lels
~xadwy

(PSNUTIUOD ) SNOILVIS NVRIN

46



