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PROGRESS REPORT 

For the Period January 1 to January 31, 1973 

Utilization of a Computer Model to Determine the Impact 
of Urban Development on Flooding in DeKalb County 

Project Number: E-20-646 

Project Director: Alan M. Lumb 

During January 1974, progress continued with the collection, coding 
and keypunching of the needed hydrologic data. Coding of the streamflow 
data measured on the small drainage area near Clairmont and LaVista 
Roads was completed and the coding of precipitation at that site began. 
The data is 5-minute values covering a period from July, 1971, to 
present. Detailed data for three floods per year was ordered from the 
U.S. Geological Survey for Camp Creek, North Fork Camp Creek, South 
Utoy Creek, and South River @ East Point. Ten years of daily pre-
cipitation at Alpharetta and Norcross were coded and punched. Additional 
information on the specific soils in DeKalb County was obtained from 
Grover Thomas, SCS. 

Seven sites in the County were examined as possible locations for 
streamflow and precipitation measurement. A summary report prepared 
by Carvel Deese is included as Appendix I. Instruments required for 
the five sites were ordered. 

Site visits by Drs. James, Wallace and Lumb were made during 
January to five of the twelve priority drainage basins not visited 
in December. Since none of the sites really fall in the small water- 
shed category as envisioned in the proposal, the concept of two catagories, 
small and large watersheds, will not be used and the priorties will 
need to be reassigned to all drainage basins as one group. Priorities 
will need to be assigned by the end of March. 

Several meetings took place during January. Dr. Lumb and a 
graduate assistant met Brenda Day of the Planning Department and Charles 
Hill of the Data Center concerning the parcel file and computer cap- 
abilities. Drs. Lumb, Wallace and James meet with Larry Lyons to discuss 
the Corps of Engineers' study of the Metropolitan area. Dr. Sanders 
was present at a meeting with Commissioner. Williams for residents of 
the north part of the County. Dr. Lumb gave a presentation to the 
DeKalb Chapter of the Georgia Conservancy on flooding problems and 
the role cf the project in solving these problems. 

During January the definition of tasks was refined. The current 
working document on tasks is included as Appendix II. 



APPENDIX I 

SITE PROPOSALS FOR INSTALLATION OF GAGING 
STATIONS FOR DEKALB 

Records which are currently being collected in the Metropolitan 
area by the U.S. Geological Survey will be available for calibrating 
the Hydrologic Simulation Model for Dekalb County. It appears, 
however, that additional gaging sites are needed. Currently there 
is only one U.S.G.S. gage located on a small Watershed (less than 
200 acres) in DeKlab County. Also, there are no gages in the 
southeast portion of the county, where exposed rock formations may 
cause unique hydrologic conditions. This document, then, discusses 
possible sites for the location of precipitation and streamflow gaging 
stations to supplement existing data sources. 

In the course of developThg sufficient facts on which to base 
proposals for gaging sites, numerous forms of data were collected, 
analyzed, and stored for future use. The factors generally considered 
were as follows: 

. a. Drainage area should be small, preferably less than 200 acres. 
b. Some coverage is needed in the eastern portion of the county. 
c. Future development in the watershed should be minimal 
d. Sites must be accessible. (This provides an additional benefit 

of furnishing a control structure at culverts.) 
e. New soil types should be included to broaden the base of 

calibration. 

Steps which were taken to consider these factors included: 

a. Composite map showing U.S.G.S. gages watersheds, DeKalb County 
study watersheds, and an indices for all map sources was 
developed. 

b. A composite map of the coverage of all Corps flood plain informa-
tion reports was developed. None of the proposed basins are 
covered by F. P. I. reports. 

c. Meetings were held with county planning officials, the county 
drainage engineer, and the local S.C.S. and U.S.G.S. offices. 
The Corps was contacted by telephone. 

d. A General Soil Map of the county was interpreted for appropriate 
data 

e. Watershed areas and lengths were measured, 10-85% slopes computed, 
and land use percentages estimated. 

f. Upon preliminary site selection, DeKalb officials were then 
consulted on the possibilities of future development in the 
watersheds. Opinions concerning development were based on 
interpretations of soil maps, sewer maps, and composite land 
use maps. 

g. Field inspection was made of the proposed sites. 

The proposed sites are discussed below. 

a. Wesley  Branch at Hightower Trail, a tributary to Yellow River. 
Drainage area is 180 acres. The outlet structure is a 36" CMP 
with about 3' for freeboard. Entrance conditions of the culvert 
need to be improved. Trees and foliage are very heavy at the 
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culvert, so the raingage may have to located elsewhere. Soil 
is mostly type 8, with some type 9. Neither o these types are 
found in watersheds presently being gaged. There are no sewers 
in the watershed now, both the master plan proposes a truck 
line in the area eventually. Soil conditions are not conducive 
for development. 

b. Pine Mountain Creek at Bruce Road, a tributary to Yellow River. 
Drainage area is 240 acres. The outlet structure is a double 
5' X 5' box culvert.with 3' of freeboard. Foliage at the 
culvert is very heavy. Soil is mostly type 9 with some type 
18, neither of which are found wn Watersheds presently being 
gaged. Located in the town of Lithonia, the watershed is 
fairly well developed with residential and light commercial 
uses. There is a new sewer main now being constructed between 
Pine Mountain and the creek. 	Also, an industrial park zone 
lines just north of the watershed. Locating a gage in the 
town might have some public relations value. A county park 
is located on the right bank near the culvert, and would provide 
a good site for the raingage. This gage in conjunction with 
either site a or site c would permit comparison of natural 
and developed watersheds in the eastern part of the county 
where rock is so prevalent. 

c. Crooked Creek at South Goddard Road, a tributary to the 
South River. This site has the largest drainage area, 470 
acres. Three 36" C.M. pipes provide the outlet structure. 
There is about 4' of freeboard. Some foliage at the culvert 
entrance would need to be removed for gaging. Soil is about 
evenly divided between types 8 and 18, with one side of Arabia 
Mountain lying in the watershed. The soil conditions would 
pose moderate to severe problems for future development. There 
is no sewer in the area now; however, a trunk line is planned 
within the watershed for sometime in the future (around 1980). 
Watershed should be stable in the near future. Pastureland 
at the culvert provides an excellent raingage site. 

d. East branch of Warren Creek above 1-285 a tributary to the North 
Fork of Peachtree Creek. Drainage area is 270 acres. Outlet 
structure is a box culvert (size unknown) with unlimited free-
board. Extensive development is occurring in the watershed. 
An apartment complex is partially completed and restrictions 
placed on the construction site make access to the culvert 
difficult. Considerable modification to the creek channel 
has also occurred. Soils are divided about equally between 
types 5, 12, and 19, all of which occur in other watersheds 
now being gaged by U.S.G.S. However, soil type 19 does not 
comprise as large a percentage of the drainage area anywhere 
else. This site is obviously not stable; measured flows may 
not be consistent, and sediment, loads should be extremely 
heavy. This site might have value for comparison purposes 
or for filling this gap'in a complete hydrologic data field. 
The watershed is one of the small basins listed by DeKalb 
County. Flood damage has occurred below 1-285, and it may 
he worsened by present construction. 

e Unnamed tributary of 2eavine Creek at Dickey Drive on the Emory 
campus. Drainage area is 53 acres. The culvert is a single 
36" or 48" R.C. pipe with unlimited freeboard. Location of 
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the raingage at the site may be difficult because of trees. 
The soil is all type 10, which is found in mnay,of the gaged 
watersheds. The basin is heavily developed and contains a 
number of large buildings along with residential areas. It 
therefore should provide data for mixed-use, basins having 
commerical or light--industrial zones. The area should remain 
stable, with only limited growth. 

f 	Unnamed tributary to Peavine Creek in Fernbank Science Center. 
The site has a drainage area of 82 acres and is equally com-
prised of soil types 5 and 10. No details of the Culvert were 
obtained; several feet of freeboard appeared available. There 
should be no changes to this watershed in the foreseeable future, 
and it was hoped that this site would provide data on a 'completely 
natural watershed. The Science Center has a full-time metoro-
logist on its staff, and good public relations might alos be 
part of the results. There are several small retarding structures 
on the creek from which supplemental data could he gathered. A 
rain gage currently exists at the center. Adverse features would 
be that the edge of the basin contains residental property, which 
tends to slightly decrease the completely natural aspect. Two 
paved roads meet at the proposed gage site; however, they are 
near the crest of the drainage basin and should not intercept 
too much flow. Despite these latter facts, this basin is the 
closest to a natural setting that was found in the western portion 
of the County. 

g. Wildwood Creek  tributary to North Fork Peachtree Creek. Drainage 
area is 320 acres. The soil is evenly divided between types 5 
and 12. The watershed is a well established residential neighbor-
hood with commerical zones beginning to encroach along the edges 
(Lavista Road and 1-85). Also, widening of Lavista Road in this 
area may occur. The culvert is a large (approximately 8'x 8') 
single box culvert. There is significant foliage in the stream 
channel which approach the culvert at about a 45 °  angle. There 
has been flood damage on this watershed in the past, and a retain-
ing structure has recently been constructed by the county at the 
intersection of Wild Creek trail and Broodforest Road. It might 
be interesting to determine the effectiveness of this structure, 
and direct gage data would be valuable. The Watershed is one 
of the small basins listed by DeKalb County for our study. 
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APPENDIX II 

OUTLINE OF TASKS 

A. 	Instrument watersheds 

(1) Identify criteria and needs for selection of sites (eg. soil 
type, slopes, existing gages, land-use, stability of land-use, 
accessibility) 

(2) Order recorders and rain guages 
(3) Select potential sites which meet criteria 
(4) Field trip to sites 
(5) Select 5 sites, write memo on where and why, distribute to DeKalb 

County and USGS for comment 
(6) Order additional supplies for gage installations 
(7) Get approval from land owners 
(8) Install gages 
(9) Service gages 
(10) Code data from gages 

B. 	Select method for computer storage and retrieval of land-use and 
stream channel information 

(1) Meet with Brenda Day for information on parcel file 
(2) Determine computer capabilities of DeKalb County 
(3) Interview agency persons in Atlanta, EPA, Ga. Department of 

Natural Resources, etc, for other systems 
(4) Consider other possibilities 
(5) Evaluate and select system or systems 

C. 	Conduct sensitivity studies to determine how best to subdivide channels 
(Figure 4) (Use storms on Clairmont watershed, North Fork Camp Creek 
and Camp Creek) 

(1) Select 3 levels of subdividing channels and calculate flow. Then 
compare discrepancy in simulated and measured flow with ratio of 
average reach flow time to total watershed flow time. 

(2) If physical situations can be found, check need for splitting 
flow when flow gets above a certain discharge. 

(3) Develop regression equations for parameters a and m in rating, 
Q = aA', of channel, then use regression equation instead of 
field data for parameters a and m 

(4) Study effect of considering or ignoring man-made channel con-
strictions, debris blockages, sensitivity of culvert rating on 
downstream flood hydrographs 

(5) Study sensitivity of number. of subareas and time distributions of 
direct runoff from subareas to develop rules for subdividing drain-
age area. 

(6) Select method for time distribution of direct runoff based on 
above sensitivity and check with measured hydrographs. 



D. 	Develop routing methods that approximate backwater situations (Figure 4) 

(1) Select a variety of channel constrictions creating backwater 
(various channel slopes, flood plain sizes, types of constriction) 

(2) Measure critical dimensions 
(3) Estimate 

Q2-yr„Q107yr, 	
and  Q100-yr(from  USGS frequency relation 

for this region) and compute baciwater (or collect high water-mark 
mark data of past flood) 

(4) Determine input requirements (channel lengths, Q vs A relation) 
for kinematic routing that best approximates the backwater profile 

E. 	Collect and code hydrologic data 

(1) Order daily streamflow data on computer cards from USGS for North 
Fork Camp Creek, South River @ East Point, South Utoy Creek, Wild-
cat Creek, Few Creek, Shetley Creek, Garner Creek, and Yellow River. 

(2) Order stage hydrographs for 2 to 4 storm periods per year and 
rating tables from USGS for Camp Creek, North Fork Camp Creek, 
South Utoy Creek and South River at East Point 

(3) From data in item (2) above calculate discharge hydrographs 
(4) Stream cross-section data from Corps of Engineers 
(5) Obtain data from USGS for recently installed stream gages in 

DeKalb County 
(6) Code rainfall and discharge data for Clairmont watershed 

F. 	Map watersheds (1st-watersheds for sensitivity studies, 2nd-USGS 
watersheds in DeKalb County and 3rd-priority watersheds for study) 

(1) On 1” = 200' maps determine drainage divide 
(2) Divide drainage network into channel segments (3 levels-gross, 

moderate and detailed for watersheds for sensitivity studies) 
(3) Number channel segments (from upstream to downstream) and measure 

lengths. 
(4) Divide drainage area into subwatersheds (3 levels-gross, moderate 

and detailed for watersheds for sensitivity studies). 
(5) Number subwatersheds, determine the channel segment into which each 

flows, measure area of subwatersheds and estimate fraction of each 
subwatersheds in forest, opne, each soil type, and impervious surfaces. 

G. 	Take field trips to: 

(1) Sites of USGS stream gaging stations in DeKalb County 
(2) Priority watersheds selected by DeKalb County 
(3) Locate potential sites for additional gaging stations 
(4) Watersheds used in sensitivity studies for 

(a) location of major inlets and'A:Yutfalls 
(b) channel and flood plain cross-sections, roughness and 

slope at outlet of each reach and 
(c) dimensions of constrictions 

(5) USGS gaged watersheds in DeKalb County for information in (4) 
above 

(6) DeKalb. priority watershed': for information tn (4) above. 
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H. 	Select model to calculate the volume of runoff from rainfall (Figure 2) 

(1) Simulate Camp Creek, North Fork Camp Creek, South River @ East 
Point, South Utoy Creek and Clairmont watershed with the Georgia 
Tech, Kentucky and National Weather Service versions of SWM 

(2) Select best model for DeKalb County based on accuracy of predicted 
flood volumes. 

(3) Determine needed sets of basic hydrologic parameters. 

T. 	Simulate to develop runoff file (Figure 3) 

(1) Simulate for Clairmont watershed (15 acres) South Utoy (480 acres) 
and North Fork Camp Creek (3170 acres) with 80-years of'Atlanta 
Airport precipitation data 

(2) Determine for 80-years of simulated flood peaks which years and/or 
hypothetical storms are required to adequately define flood fre-
quency 

(3) For each set of parameters including one for impervious areas, 
store runoff, without routing, on computer file. 

J. 	Prepare manual on use of system 

K. 	Meet with DeKalb County officials 

(1) Make final selection of priority watersheds 

(2)Make presentation to describe capabilities of simulation and 
discuss and list measures to be included in simulation studies 

L. 	Apply simulation model (basically routing model using runoff from 
file) to priority watersheds selected by DeKalb County one at a 
time (Figure 5). 

M. 	Final Report. 
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PROGRESS REPORT 

For the Period December 17 to December 31, 1973 

Utilization of a Computer Model to Determine the Impact 
of Urban Development on Flooding in DeKalb County 

Project Number: E-20-646 

Project Director: Alan M. Lumb 

During December, 1973, space for the project was made 
available in the lab room on the 4th floor of the Civil En-
gineering Building. Furniture was rearranged to meet the 
needs of the project and additional files and shelves moved 
into the room for storage of data publications, computer cards, 
and maps. Site visits were made to priority drainage basins 
and locations of USGS stream gages. The assessment and ac-
quisition of information and data for the project began. 

Specific accomplishments include the following: 

(1) Collection of maps, aerial photographs, and other 
information of DeKalb County, 
a) Soil map of DeKalb and adjacent Counties (from 

ARC)• 
b) Flood Insurance Study, City of Decatur, by Corps 

of Engineers 
c) Flood Insurance Study, DeKalb County, by Corps of 

Engineers 
d) Flood Plain Information Reports of Corps of Engineers 

for creeks of DeKalb County 
e) Aerial photographs, Peachtree Creek Basin, 1"=400' 
f) Inventory of Structures on Main Streams, DeKalb 

County, report prepared June, 1972, by C. N. Crocker, 
Drainage Division 

g) Stream cross-sections on Peavine Creek, Henderson 
Creek and Burnt Fork Creek from Corps of Engineers 

h) U.S. Geological Survey maps (1:24,000) of DeKalb 
County and surrounding areas 

i) Maps of DeKalb County entitled "DeKalb Drainage and 
Flood Plains" and "Road System", from Department of 
Planning 

j) Maps of DeKalb County (1"=200') 

4) 



(2) Ordering and receiving daily streamflow data on com- 
puter cards for 8 stream gages in the Atlanta area 
from the U.S. Geological Survey, District Office, Atlanta 

North Fork Camp Creek @ Atlanta (1964-1969) 
South Utoy Creek @ East Point (1964-1969) 
South River @ East Point (1964-1969) 
Wildcat Creek near Lawrenceville (1954-1971) 
Pew Creek near Lawrenceville (1954-1963) 
Shetley Creek near Norcross (1954-1963) 
Yellow River near Snellville (1954-1971) 
Garner Creek near Snellville (1954-1963) 

(Data for Peachtree Creek and Camp Creek were already 
available at Georgia Tech on computer cards.) 

(3) Color coding the following information on the Depart-
ment of Planning map entitled "DeKalb Drainage and 
Flood Plains" 
a) Stream channel reaches for which Corps of Engineers 

flood plain information is available, 
b) Location of stream gages operated by the U.S. 

Geological Survey, 
c) Priority drainage basins selected by DeKalb County 

officials 

(4) Site visits by A. M. Lumb, L. D. James, J. R. Wallace, 
Carvel Deese and John Clerici to 
a) 11 of the 13 stream gages in DeKalb County operated 

by the U.S. Geological Survey under cooperative 
agreement of the USGS, DeKalb County and Corps of 
Engineers, and 

b) 7 of the 12 priority drainage basins including 
Henderson Creek, Peavine Creek, Warren Creek, North 
Fork of Peachtree, Nancy Creek, Cobbs Creek and 
Wommack Creek. 



PROGRESS REPORT 

For the Period February 1 to February 28, 1974 

Utilization of a Computer Model to Determine the Impact 
of Urban Development on Flooding in DeKalb County 

Project Number: E-20-646 

Project Director: Alan M. Lumb 

During February 1974, precipitation data was coded, four -watersheds 
were calibrated with a simulation model, and soil permeability categories 
were mapped for DeKalb and adjacent counties. 

Five-minute precipitation data were coded from the strip charts 
for the 15-acre residential watershed near Clairmont and LaVista Roads 
for a period from July, 1971, through July, 1972. The remainder of the 

record will be coded in March. The 80-year record of 15-minute precipi-
tation for Atlanta on magnetic tape was sent to Georgia State to be placed 
on another tape which would be compatible with the Georgia Tech computer 
system. 

Calibration with one of the three simulation models to be used to 
generate the runoff file was completed for the five years of data on South 
River at East Point, North Fork Camp Creek, and South Utoy Creek, and for 
the eight years of data on Camp Creek near Fayetteville. This work will 
continue with calibration of the above drainage basins with the other 
two models; then the best of the three will be calibrated on three Gwinnett 
drainage basins for which data has been obtained. 

Additional soils information was obtained through Grover Thomas of 
the Soil Conservation Service. This information has been summarized as 
Appendix I. From this information, the soil associations of the five 
county region were placed in five soil permeability categories and these 
categories were color coded on the soils maps of the five counties. 

All the student assistants for the project have been selected and 
their percent time in each of the four quarters determined. A listing 
of the students with a brief comment is found in Appendix II. The 
expenditure of funds for student assistants by quarters is 20% first 
quarter, 30% second quarter, 35% third quarter and 15% last quarter. 
These percentages correspond to the work load as outlined in Appendix 
II of the January progress report. 



APPENDIX I 

SUMMARY OF SOIL PERMEABILITY 

The characteristic of the soil that enables it to transmit water 

is called soil permeability. Seven classes of soil permeability are 

used by the Soil Conservation Service and are listed in the following 

table: 

Numerical Range 	 Average Rate 
Permeability class 
	

(inches per hour) 	(inches per hour)  

Very slow 	 Less than 0.06 

Slow 	 0.06 - 0.2 	 0.13 

Moderately slow 	 0.2 - 0.6 	 0.40 

Moderate 	 0.6 - 2.0 	 1.30 

Moderately rapid 	 2.0 - 6.0 	 4.00 

Rapid 	 6.0 - 0.0 	 13.00 

Very Rapid 	 More than 20 	 - 

Another classification of soils can be achieved with the four hydro-

logic soil groups of the Soil Conservation Service indicating their runoff 

potential. These are listed in the following table. 



Hydrologic Soil Group  

A 

B  

Description  

Soil with lowest runoff potential. 
Deep sands with very little silt and 
clay. 

Mostly sandy soils less deep than A. 

C 	 Shallow soils and soils containing 
considerable clay. 

D 	 Soil with highest runoff potential. 
Clay soils and shallow soils with 
impermeable subhorizons. 

Twenty-one soils are found in the five-county area and are listed 

below with their average permeability and hydrologic soil group. 

Permeability 
Soil 	 (inches/hour)  

Altavista 
	

2.0 

App ling 
	

1.8 

Alluvial 
	

4.0 

Cecil 
	

1.8 

Chewaela 
	

1.3 

Congaree 
	

1.9 

Davidson 
	

1.8 

Gwinnett 
	

1.3 

Iredell 
	

0.2 

Linker 
	

2.2 

Louisa 
	

2.2 

Louisburg 
	

13.0 

Hydrologic Soil Group  

C 



Permeability 
Soil 	 (inches/hour) 	 Hydrologic Soil Group  

Madison 	 1.3 	 B 

Mecklenburg 	 0.2 	 C 

Musella 	 2.2 	 B 

Pacolet 	 1.8 	 B 

Red Bay 	 1.3 	 B 

Wedowee 	 2.2 	 B 

Wehadkee 	 1.8 	 D 

Wickham 	 1.8 	 B 

Wilkes 	 0.6 	 C 

These twenty-one soils are grouped into seventeen soil associations 

for the five county region and are listed in Table I-1. Table 1-2 lists 

the weighted permeabilities and hydrologic group for each of the soil 

associations. From the permeability information on Table 1-2 the soil 

associations were placed in one of five permeability catagories as 

indicated below. 

Permeability 
	

Soil Associations 	 Color Code for Map  

Very Slow (VS) 	 18 	 Red 

Moderately Slow (MS) 	 2 	 Yellow 

Moderate (4) 	 1A,3,4,5,6,7,10,13,15,16 	None 

Moderately Rapid (MR) 	1,9,11,12,14 	 Green 

Rapid (R) 	 8,17 	 Blue 
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Tab le I-1.  

SOI Lit SOIL ASSOCIATION S 

1st 

%COMPONENTS 

3rd  2nd 

1 ALLUVIAL LAND -CHEWACLA-WEHADKE E 1 60 20 10 

lA CONGAREE-CHEWACLA-WEHADKEE lA 50 20 15 

2 WILKES - IREDELL-MECKLENBURG  2 50 20 20 

3 MAD IS ON -LOU I SA-PACOLET 4 45 25 15 

4 APPLING-CECIL-MADISON 5 40 25 20 

5 MAD IS ON-PACOLET-MUS ELLA-  6 45 25 15 

6 GWINNETT -DAV ID S ON-MU S ELLA 7 45 25 15 

7 GWINNETT -DAVIDSON-MU SELLA 8 40 30 20 

8 LOUISBURG-WEDOWEE-PACOLET 9 50 25 15 

9 APPLING-LOU I SBURG-PACOLET 10 40 30 20 

10 MAD I SON-PACOLET-GWINNET T 11 60 15 10 

11 LINKER-LOUISBURG-MIS ELLA 12 40 35 10 

12 PACOLET-GWINNETT -LOU I S BURG 13 65 20 10 

13 WI CKHAM-ALTAV I STA-RED-BAY 14 60 20 10 

14 APPLING-PACOLET-LOUIS BURG 15 50 30 10 

15 WILKES -GWINNETT-MU S ELLA 16 40 35 10 

16 APPLING-PACOLET-GWINNETT 17 37 35 21 

17 LOUI S BURG-PAC OLET-WEDOWEE 18 - 

18 ROCK OUTCROP 19 - 

19 MADE LAND 20 

20 UNCLASSIFIED 



Table 1-2.  

SOIL!! 	 SOIL ASSOCIATION 	 %SLOPE 	PERMEABILITY 	 HYDROLOGIC GROUP 

1st 2nd 3rd wt ave 1st 2nd 3rd wt ave 

1 ALLUVIAL LAND-CHEWACLA-WEHDKEE 0-2 MR M M 3.16 B C D B 

lA CONGAREE-CHEWACLA-WEHADKEE 0-2 M M M 1.74 B C D B 

2 WILKES-IREDELL-MECKLENBURG 2-10 MS S 	S 	.42 C D C C 

3 MADISON-LOUISA-PACOLET 10-45 M MR M 1.65 B B B B 

4 APPLING-CECIL-MADISON 2-10 M M M 1.74 B B B B 

5 MADISON-PACOLET-GWINNETT 2-10 M M M 1.45 B B B B 

6 GWINNETT-PACOLET-MUSELLA 10-45 M M MR 1.61 B B B B 

7 GWINNETT-DAVIDSON-MUSELLA 2-10 M M MR 1.61 B B B B 

8 LOUISBURG-WEDOWEE-PACOLET 10-45 R M M 6.91 B B B B 

9 APPLING-LOUISBURG-PACOLET 2-10 M R M 4.91 B B B B 

10 MADISON-PACOLET-GWINNETT 10-25 M M M 1.47 B B B B 

11 LINKER-LOUISBURG-MUSELLA 10-60 MR R MR 4.11 B B B B 

12 PACOLET-GWINNETT-LOUISBURG 10-45 M M R 2.91 B B B B 

13 WICKHAM-ALTAVISTA-RED BAY 2-10 M M M 1.79 B C B B 

14 APPLING-PACOLET-LOUISBURG 2-10 M M R 3.04 B B B B 

15 WILKES-GWINNETT-MUSELLA 10-45 MS M MR 1.01 C B B C 

16 APPLING-PACOLET-GWINNETT 2-10 M M M 1.84 B B B B 

17 L .OUISBURG-PACOLET-WEDOWEE 10-45 R M M 6.35 B B B B 

18 ROCK OUTCROP NOT GIVEN VS 0.0 D D 

19 MADE LAND NOT GIVEN 

20 UNCLASSIFIED 



Maps for five counties were developed showing the area in each of the five 

permeability catagories. 

Each of the drainage basins gauged by the U.S. Geological Survey, 

studied for gauging by the Geological Survey and studied for gauging 

by personnel on this project were traced on the soils maps and weighted 

permeabilities calculated. These results are shown on Table 1-3. The table 

and map indicate a need for gauge sites in the southwest portion of DeKalb 

where soils have moderately slow permeabilities and along the eastern boundary 

where soils of rapid permeability are mixed with rock outcrop. These two 

areas of DeKalb County will be studied for additional gauge sites in March. 



Table 1-3. 

LName or USGS 
Site # 

hPotential  

Soils Associations and Percent 
in Drainage Basin 

Weighted 
Permeability 
(inches/hour) 

10 1-6% 10-38% 5-56% 1.57 

55 1-14% 10-35% 5-47% 20-4% 1.70 

28 12-46% 5,54% 2.12 

31 1-5% 12-42% 5-53% 2.16 

17 1-14% 10-42% 5-44% 1.70 

13 1-16% 10-13% 5-14% 20-57% 2.11 

5 1-12% 12-30% 5-58% 2.10 

19 1-13% 12-46% 5-41% 2.34 

Crooked Creek 1-3% 8-43% 18-54% 3.06 

Pine Mtn. Ck. 9-94% 18-6% 4.60 

Wesley Creek 8-34% 9-57% 18-9% 5.14 

Existing 

1 1-9% 10-38% 5-53% 1.61 

7 1-11% 12-25% 10-12% 5-52% 2.01 

8 1-11% 12-33% 5-56% 2.12 

9 1-9% 12-15% 10-26% 5-50% 1.83 

12 1-12% 10-35% 5-31% 20-22% 1.72 

16 1-14% 10-39% 1 5-47% 1.69 

21 1-10% 12-47% 5-43% 2.31 

26 1-7% 10-9% 5-15% 20-69% 1.82 

27 1-9% 10-32% 5-59% 1.61 

29 12-44% 5-59% 2.09 

32 1-8% 12-43% 5-49% 2.21 

57 1-14% 10-41% 5-45% 1.70 

2-3371 1-10% 12-51% 5-39% 2.37 

2-3367 1-4% 10-44% 5-52% 1.53 

2-2036 20-100% 



APPENDIX II 

John Clerici - Undergraduate student in Civil Engineering who will attend 
graduate school at Georgia Tech starting September. He 
will be with the project the entire year. 

Tim Hassett - Graduate student in the water resources program in Civil 
Engineering. He will be with the project summer quarter. 

Jack Kittle - Undergraduate student in Civil Engineering. He will be with 
the project the entire year. Jack has lived in DeKalb County 
for 12 years and his familiarity with the County will be quite 
helpful. 

Paul Nowak - Graduate student in Information and Computer Science. His 
expertise will be very helpful. He will be with the project 
through August. 

Adnan Saad - Graduate student in the Ph.D. program in hydrology and water 
resources. Adnan brings to the project his practical experience 
in hydrology gained over the past several years working for an 
Atlanta consulting firm. He will be with the project starting 
in April. 

Ed Sing 	- Graduate student in the water resources program in Civil 
Engineering. He will be with the project through August. 



PROGRESS REPORT 

For the Period of April 1 to April 30, 1974 

Utilization of a Computer Model to Determine the Impact of Urban 
Development on Flooding in DeKalb County 

Project Number: E20-646 

Project Director: Alan M. Lumb 

During April, 1974 progress continued with calibration of the water-
shed models, GTWS, KWM and SWM, which will be used for the creation of 
the runoff file and the sensitivity studies for subdividing the drainage 
system into reaches. 

The two undergraduate students on the project, John Clerici and 
Jack Kittle, gave a talk at the May meeting of the Georgia Section of 
the American Society of Civil Engineers. Both gave a very fine presenta-
tion. 

The instruments needed for the rain and stream gage stations were 
finally delivered May 10th. The following six locations for the stations 
have been selected from over a dozen which were studied. Joe Inman of 
the U.S. Geological Survey has visited each of the sites and found no 
major complications in gaging the streams at these locations. Installa-
tion will begin when permission to locate the'gages on private property 
or right-of-way can be obtained. The locations are: 

Gage 1. Tributary to South River at 1-285 between Moreland Avenue, 
and Forest Park Rd., LL17, 15th District. 

Gage 2. Tributary to Jackson Creek, LL259, 15th District. 

Gage 3. Wesley Branch at private dirt road, on boundary of LL193 
& 194, 16th District 

Gage 4. Honey Creek at Turner Hill Rd. near corner of LL170, 
171, 182, & 183, 16th District 

Gage 5. Tributary to Womack Creek at Leeds Way, LL361, 18th 
District. 

Gage 6. Tributary to Snapfinger. Creek at Arbington Drive, LL93, 
18th District. 



Two meetings were held on April 19 and May 3 with staff of the Planning 
and the Roads and Drainage Departments to make preliminary assignments of 
priorities for studies on "Selected drainage basins. The following water-
sheds and priorities were selected. 

(1) Womack Creek (tributary to Nancy Creek) 
Drainage Area: 420 acres, 0.44 sq. mi. 
Soil Permeabilities: 43% moderately rapid 

57% moderate 
Flooding residential area around Cambridge Road. 

(2) Nancy Creek 
Drainage Area: 4880 acres, 7.63 sq. mi. 
Soil Permeabilities: 53% moderately rapid 

43% moderate 
5% heavily graded 

Flooding in area of Gainesboro Drive and Tilly Mill Road. Sites for 
retention storage available. 

(3) Cobbs Creek 
Drainage Area: 2330 acres, 3.64 sq. mi. 
Soil Permeabilities: 35% moderately rapid 

65% moderate 
Residential flooding and undersized culverts at Misty Valley Road, 
Bobby Lane, Beach Drive and Brookfield Drive. Site available for 
retention storage. 

(4) Honey Creek 
Drainage Area: 2690 acres, 4.2 sq. mi. 
Soil Permeability: 20% rapid 

77% moderately rapid 
3% very slow 

Undeveloped area in the southeast near 1-20 and Lithonia which will 
be developing in the near future. 

(5) Snapfinger Creek (west branch) 
Drainage Area: 1240 acres, 1.94 sq. mi. 
Soil Permeability: 13% moderately rapid 

87% moderate 
Flooding of commercial establishments at Memorial Drive. Potential 
site for retention storage. 

(6) Snapfinger Creek 
Drainage Area: 4860 
Soil Permeabilities: 

Residential flooding 

acres, 7.59 sq. mi. 
14% moderately rapid 
83% moderate 
3% heavily graded 

at Indian Lake Circle and Susan Creek Court. 

(7) Wild Creek 
Drainage Area: 299 acres, 0.47 sq. mi. 
Soil Permeabilities: 51% moderately rapid 

49% moderate 
Residential flooding between 1-85 and Sherdan Road. Site for retention 
structure available. 



(81 Warren Creek and adjacent tributaries 
Drainage Area: 1140 acres, 1.78 sq. mi. 
Soil Permeabilities: 42% moderately rapid 

36% moderate 
22% heavily graded 

Residential flooding at Santa Fe Trail and flooding industrial area 
on Marian Road. Undersized culvert at McClove Drive. Potential sites 
for retention structures. 

(9) North Fork Peachtree Creek 
Drainage Area: 6098 acres, 9.53 sq. mi. 
Soil Permeabilities: 21% rapid 

27% moderately rapid 
37% moderate 
15% heavily graded 

Flooding problems along Barkside Court in addition to the problems on 
Warren Creek. Some channel maintenance work has been done. 

(10) Blue Creek 

(11) South Fork Peachtree Creek and Crocker Creek 

(12) Peavine Creek 

(13) Burnt Fork Creek 

(14)Henderson Mill Creek 



PROGRESS REPORT 

For the Period of May 1 to August 31, 1974 

Utilization of a Computer Model to Determine the Impact of Urban 
Development on Flooding in DeKalb County 

Project Number: E20-646 

Project Director: Alan M. Lumb 

Several meetings were held between Georgia Tech and DeKalb County during 

this summer period. May 3rd was a meeting to describe the project to new 

personnel and discuss the location of the stream gage stations. Several 

subsequent meetings concerned the necessary right-of-way required for the 

installation of the gages. In July, a meeting was held with staff members 

of the Planning Department and Roads and Drainage Department. Discussed at 

this meeting was the hydrologic simulation process, data requirements for 

hydrologic simulation, and a preliminary outline of the problems and poten-

tial solutions for each of the nine drainage areas selected for analysis. 

Written response to this outline was received in August from the Development, 

Planning, and Roads and Drainage Departments. 

Equipment for gage installation has been received and the right-of-way 

secured for three of the six sites. Dr. Wallace has the responsibility for 

the installation of these gages. 

Calibration of the Georgia Tech variation of the Stanford Watershed Model 

(SWM) has been completed. This model will be used to create the runoff file. 

Problems have been encountered in developing the 72 years of precipitation to 

use with SME to create the runoff. Most of this problem and delay came from 

the need to change personnel assigned to this task. 



The bugs were eventually worked out of the computer program needed to perform 

this specific task. This two month delay has not held up the entire project 

but did require rescheduling several tasks. Seventy-two years of runoff has 

been simulated and is currently being analyzed to determine the appropriate 

number of years and the time period to use to generate the runoff file. 

Subsequent to this analysis, all tasks can proceed. 

All nine drainage basins have been (1) mapped, (2) subwatersheds and channel 

reaches delineated and (3) photo mosaics and overlays for impervious area 

prepared. Much of the channel and culvert data remains to be collected. 

Twice in July students ran programs after midnight on the DeKalb computer. 

Several problems were encountered and the reprogramming to overcome the problems 

has been completed and awaits another trial. 

Rough drafts of portions of the manual and report have been written. 

A few remaining sensitivity studies on the channel routing are needed. All 

other sensitivity studies are complete. 



• 

PROGRESS REPORT 

For the Period of September 1 to September 30, 1974 

Utilization of a Computer Model to Determine the Impact of 
Urban Development on Flooding in DeKalb County 

Project Number: E20-646 

Project Director: Alan M. Lumb 

One of the six watersheds selected for rainfall and streamflow measurement has been 

dropped from the list due to lack of property - owner cooperation. An additional site 

will be selected to replace the one dropped from the list. 

All problems in generating the runoff file have been solved and the seventy-two 

years'of simulated runoff has been analyzed. A study has been made of all possible 5, 

10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 and 65 year periods within the 72-year period 

and it was found that the 25-year period from 1918 to 1942 was most representative of 

the 72-year period. Thus, runoff files for this 25-year period were created and are 

ready for use. 

Forty percent of the channel, culvert and detention structure data was collected for 

the nine drainage areas to be studied. The remaining sixty percent will be collected 

in October. 

Features were added to the computer program to make the input data preparation much 

easier for water detention structures and culverts. By giving the basic dimensions the 

program can handle circular, elliptical and rectangular culverts, broad-crested weirs 

as roadways or spillway, and drop inlets. The description of the input requirements 

that we are currently using is attached as an Appendix to this report. A much more 

elaborate description will be put in the user's manual. 



URBAN WATERSHED FLOOD HYDROGRAPH NODEL(UROS4) 

PROGRAMMED BY ALAN M • LUMB , ALLEN F JOHNSON, 
L.D. JAMES AND J,L, KITTLE. JR. 

***** INPUT REQUIREMENTS ***** 
94. 

VARIABLE ON CARD 	FORMAT 	COMMENT 
P 	 9 	999 	9919  99 9  	 loop 

lupii ,  
RLNLIvr I 

NELMTSOCTALT, 
DELT,TUNITS.AU 
PK.CECHK.STCH

,
K 

16,12A6, NUMBER CF RUNOFF FILES TO BE USED 
12 	(IF LEFT BLANK, 2 ASSUMED), 

GENERAL INFORMATION UN RUN 
(NAME OF WATERSHED, PURPOSE OF RUN), 
RUNCPT=1 USE RUNCFE FILE 
RUNOPT=0 SINGLE STORM SIMULATION 

1402E4.0. NUMBER CF HIGHEST SEGMENT(MAX,99), 
2A404FB 4 O1 TOTAL TIME, TIME INCREMENT, 

((TOTAL TIME)/(TIME INCREMENT)PUST 
EE LESS THAN 121). 
TINE UNITS(SEC=1 OR MIN=60 OR 
HRS=3600), AREA UNITS(ACRE=1 OR 
SOMI=640) (IF TUNITS AND AU LEFT 
-BLANK MINUTES AND ACRES ASSUMED), 
COEFFICIENT FCR LINEAR STORAGE 
ROLTING CF EXCESS FROM AREA SEGMENTS 
(LEAVE BLANK FCR DEFAULT VALUE OF 1,0), 
ACCURACY OBJECTIVE FUR ITERATIVE 
APPROXIMATIONS FOR OVERLAND FLOW 
AND STORAGE SIMULATION (LEAVE BLANK). 

NOTE, WHEN USING RUNOFF FILE 
DELT MUST BE 5 OR 15 MINUTES 
DEPENDING ON FILE. USED, 

*** INPUT PHYSICAL D1SCRIPTORS CF EACH ELEMENT (LOOP NELMTS TIMES) 

N,TYPE( ), 	 314 	ELEMENT NUMBER (SECUENCE OF 
INFC( ) 	 NUMBERS FROM 1 TC 99. SMALLER 

NUMBERS MUST ALWAYS DRAIN TO A 
LARGER NLMBER),FLEMENT TYPE 
(ApEA:11,CHANNEL=22,STORAGE=33, 
DUMMY = 55, CUIT=99) 	ELEMENT 
NUMBER INTO WHICH THIS ELEMENT 
DISCHARGES, 

NOTE! NUMBERS MAY BE SKIPPED ,  
EITHER IGNORE OR SET TYPE Is 55 

NOTES AT END CF DISCRIPTOR CARDS 

L 



PUT ELEMENT WITH N = 
100 AND TYPE( ) = 99  

* IF TYPE( ) = AREA (II) AND RUNCPT = 0 INPUT THE FOLLOWING 

	

9F8,0 	AREA CF ELEMENT,LENGTH,SLOPEt 
NONING'S NpINITIAL LOSS IN 
INcHES/DELT(ANYTHING FROM 0.0 TO 
10 0 DEPENDING UPON ANTECEDENT 
RAINFALL), SLOFE OF LOSS 
FUNCTION (RATIC CF LOSS 
TO THAT AFTER 10 INCHES OF RECHARGE 
*USUALLY 3,0), RAIN EXPONENT 
(USUALLY 0,7 CR 1,0 FOR 
FA/ TONAL FORMULA TYPE LOSS, 0.001 
FOR INFILTRATION FCN TYPE LOSS), 
SURFACE RETFNTION VOLUME(INCMES) 
(ANYTHING FROM 0,0 TO 2,0 DEPENDING 
UPON ANTECEDENT RAINFALL), 
FRACTION IMPERVIOUS AREA, 

NOTE: IF AREA OVER 
TEN ACRES CR LINEAR 
STORAGE DESIRED FOR ROUTING 
TC 	

LA 
CUTLET 

NK 
 LEAVE VALUE FOR 

FF( ) B  

* IF TYPE( ) = AREA(11) AND RUNOPT:1 INPUT THE FOLLOWING 

4F8,0,8Xp AREA,LINGTH,SLOPE AND FF SAME AS 

	

4E8,0 	ABOVE, SOIL! THRU SCIL4 ARE 
FRACTION CF AREA WITH RAPID, 
MOnERATE,SLCW CR ZERO SOIL 
PERMFABILITIES,RESPECT/VELY 
(ZFRC PERMEABILITIES FOR IMPERVIOUS 
SURFACES) 

NOTE* SLM(SCIL.14-SOIL2+SOIL3+SOIL4) 
MUST=1.0 FOR EACH SUBWATERSHED 

* IF TYPE( ) = CHAN (22) INPUT THE FOLLOWING INFORMATION 

ND( ) LENGTH( ), 
OPE( 1pFF( ), 
ARM( 	,MPARM( ), 

18 ' 9E8,0 KIND OF CHANNEL(0,1,2,3 OR 4 AS ' 
DEFINED BELOW), LENGTH OF CHANNEL 
(FEET), SLOPE CF CH4NNEL(FT/FT)0 	• 
MANNING'S /NI FOR CHANNEL, 

KIND CF CHANNEL OPTIONS, 
0=TRREGULARp LEAVE SLOPE AND FF 
FLANK, FLCOD PLAIN AND CHANNEL 
FLOW SIMILAR, INPUT VALUES FOR 
APARM AND MPARM 

1=RECTANGULAR, LEAVE MPARM BLANK 
AND SET APARM EQUAL TO CHANNEL 
WIDTH 

2=TRIANGLLAR, LEAVE MPARM BLANK 
AND SET APARM EQUAL TO WIDTH 
AT ONE FOOT DEPTH 

EA( ),LENGTH( ), 
MR ; ( F( F( ), 

I f ERC )0 
TKR( 	) 

EA( ) LENGTH( ), 
OPEC i.FF( )p 

1EU 



3=CIROULAR, LEAVE MPARM BLANK AND 
SET APARP EQUAL TC PIPE DIAMETER 
(SEGMENT SHOULD EE PRECEEDED 
BY A STORAGE SEGMENT WITH THE 
CUTLET CF THE STORAGE SEGMENT THE 
SANE AS INLET TO THE PIPE 

4=IRREG1LAR, FLOOD PLAIN AN 
CHANNEL FLOW DIFFERENT, APARM IS 
FOR CHANNEL CRCSS., SECTION AREA, 
MPARM IS FOR WETTED PERIMETER 
CF THE CHANNEL 

* IF TYPE( ) = CHAN(22) AND KIND( ) = L INPUT THE FOLLOWING 

N,ART,WPR, 
L'ALTDWPOACX 

7F8,0 	MANNING'S N FOR RIGHT FLOOD PLAIN, 
CROSSmSFOTION AREA RIGHT FLOOD PLAIN, 
WETTED PERIMETER RIGHT FLOOD PLAIN, 
MANNING'S N LEFT FLOOD PLAIN, 
CRCSS..SECTION AREA LEFT FLOOD PLAIN, 
WETTED PERIMETER LEFT FLOOD PLAIN, 
EXTFA CROSS ,SECTION AREA ABOVE 
CHANNEL WHEN FLOW IN FLOOD PLAIN. 

NOTE: RIGHT AND LEFT LOOKING 
DOWNSTREAM 

NOTE' FOR CRCSSPSECTIONo PICK 
ANY FLOOD LEVEL SUCH THAT 
FLOW EQUALS ABOUT THE 
SO-YEAR FLOOD CR DEPTH 
IN FLOOD PLAIN AT LEAST 
SEVERAL FEET CR CROSS,' 
SECTION AREA CF FLOOD 
PLAINS AT LEAST SEVERAL 
TINES CROSS0SECTION AREA 
OF CHANNEL, 

XX 
XX 

   

XX 
XX 

   

ACX 	 I ART 	AX  
I 	XX 
	 XXXXXXXXX 

XX wpw 
FN 	XX 	AC(APARM) - 	XX FNR 

XX 

	

	 XX 
XXXXXXXXXXXXXXXXXXXX 

WPC(MPARM, 
FNC(FF( )) 

A IF TYPE( ) = STOR (33) INPUT THE FOLLOWING INFORMATION 

,VU, 	 274, 	TIME UNITS FOR SK(SEC=1, MIN:64 
( ),SX( ) 	 2E8,0 	HOURS=3600), VOLUME AND AREA UNITS 

(CUBIC FEET AND SQUARE FEET = it 
ACREPFEET AND ACRES = 2), 

XX 
XX ALT 

XX 
XXXXXXXXX•...•.,. 

WP 	XX 



IF TU OR VU LEFT BLANK MINUTES 
CR ACRES ASSUMED, 
MUSKINGLP K AND X FOR CHANNEL 
ROLTING(AVASLABLE FOR USE BUT 
NOT RECOMMENDED) 

*IF TYPE( ) = STOR(33) AND SK AND SX ARE BLANK INPUT THE FOLLOWING 

KE 	 214 	KDscOpNPUT RESERVOIR VOLUMES 
INPUT NPUT RESERVOIR SURFACE 
AREAS AND ELEVATIONS 

KE=0, INPUT RESERVOIR OUTFLOWS 
KEalp INPUT CISCRIPTION OF 

OUTLET WORKS 

IF TYPE( ) = STOR(33) AND EITHER KD OR KE = I INPUT FOLLOWING 

SELEV( ) 	 18/ 	NUMBER CF VALUES(MAX,20), 
(10F8,2) WATER SURFACE ELEVATIONS(FEET), 

IF TYPE( ) = STOR(33) AND KD = 0 INPUT THE FOLLOWING 

VCL( ) NUMBER OF VALUES(MAX20), 
1 8  1 /0 F8,2) RESERVOIR VCLUMES (FIRS 

VALUE MUST BE ZERO) 

IF TYPE( ) = STOR(33) AND KD = 1 INPUT THE FOLLOWING 

AREA( ) 	 18/ 	NUMPFR OF VALUES(MAX,20), 
(10F8,2) RESERVOIR SURFACE AREAS 

IF TYPE( ) = STOR(33) AND KE = 0 INPUT THE FOLLOWING 

Div( ) 	 18/ 	NUMBER OF VALUES(MAX,20), 
(10E8,2) RESERVOIR OUTFLOWS 

NOTE* l*T Argip 11, 11 [Rg mtBOVE CARDS 

IF TYPE( ) = STOR(33) AND KE = 1 INPUT THE FOLLOWING 

14 	NUMBER OF OUTLET STRUCTURES 

INPUT FOR I TO JA OUTLET STRUCTURES 

JELpJSI,JS2 214, 	TYPE OF STRUCTURE 
2F8 1 3 	J7=1 FOR CIRCULAR PIPE 

J7=2 FOP BOX CULVERT 
J7=3 ELLIPTICAL PIPE 
J1=4 RECTANGULAR BROAD+CRESTED WEIR 
J7=5 TRAPEZOIDAL BROAD-CRESTED WEIR 
JT=6 CIRCULAR DROP INLET 
ELEVATION CF BASE CF STRUCTURE, 
FOR JT = 1, 2 CR 3 
JS I = VERTICAL DIMENSION 
Js2 = HORIZONTAL DIMENSION --- 
FOR JT = 4 



) 	= 	CUIT 	(99) 

CUTPLT/INPUT OPTI 
NOTE: 	IF 	RUKCPT 	EQUA

CN$  
LS 	1 	ONLY 	9,16 

AND/CR 	17 SFCULD BE 	SELECTED 
OR 	TCNS CE 	CUTPUT WILL BE 
PRCDUCED 

1 	= PUCT 	HYDROGRAPHS ON PRINTER 
2 = 	PRINT 	DETAILED MYDROGRAPHS 
3 = PRINT 	MAX,FLCS, 	ALL 	POINTS 
4 PLOT 	HYDROGkAPHS ON CALCOMP 
5 = OUTPUT 	HAIN/ 	RUNOFF 	VOLUMES 
6 = OUTPUT 	MAXIMUM 	STORAGE 
8 = CHANGE 	DLTKR 	AND STRKR 

. 9 = PRINT 	PEAKS, 	SELECTED POINTS 
16 = LIST 	ALL 	PEAKS 	FROM 	RUNOFF 	FILE 
17 = PRINT 	STAGE=CISCHARGE 	TABLES 
18 = CcHpARE 	DISCH 	AT 	TWO POINTS 
19 = CUTFUT 	DISCHARGE 	AT LAST 	PT 
20 = INPUT FRCP 	PREVIOUS SIM, 

END ELEMENT LOOP WITH TYPE( 

PT( ) 
	

2014 

JS1 = WIDTH OF WEIR 
J52 = (LEAVE BLANK) 

FOR JT = 5 
JS1 = WIDTH AT CREST 
JS2 = ANGLE CF ONE SIDE FROM VERTICAL 

IN DEGREES 
FOR JT = 6 
JS1 = DIAMETER CF PIPE 
J52 = (LEAVE BLANK) 

I:PT( ) 2014 	ELEMENT NUMBERS OUTPUT DESIRED 
(UP TC 20 MAY BE SPECIFIEDFIF 
MORE DESIRED PUNCH 9999 IN 
FIRST THREE COLUMNS AND GET ALL). 

** IF CUTPUT/INPUT OPTION 4 SELECTED, INPUT THE FOLLOWING CARD 

ACT.LDEVf 	 F4.0,14, SCALE EACTCR(USUALLY 1.0 FOR A 
IMX.ISPEC, 	 F4.004 	10 INCH FLCT),LOGICAL UNIT NUMBER 
FACT 	 (ANY NUMBER 1 IC 100),MAXIMUM 

PLOT TIME IN MINUTES, SPECIAL 
PEN CR PAPER OPTICKS(LEAVE BLANK 
OR REFER TC CALCCMP PLOTTER 
MANUAL),ECALE FACTOR ON TIME AXIS 
(IF BLANK,1.0 ASSUMED), 

** IF CUTPUT/INPUT OPTION 8 SELECTED, INPUT THE FOLLOWING CARD 

LTKR,SL 	 4F8.0 	REPLACEMENT VALUES FOR PERVIOUS 
PARMFMPARM 	 AREA HECwi PARAMETERS DLTKR AND - 

SL IF NON0ZERC, REPLACEMENT 



VALUES FCR APARM AND MPARM IF 
NON-ZERO 

* INPUT PRECIPITATION DATA IF RUNOPT = 0 

MTS,INC,ISTRT 	3/4 	FORMAT CODE NUMBER(! OR 2),(SET 
IFNTS=3 FOR DEFAULT 10-YEAR STORM 
CR IFMTS=4 FOR DEFAULT 100-YEAR 
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PROGRESS REPORT 

For the Period October 1 to December 1, 1974 

Utilization of a Computer Model to Determine the Impact of 

Urban Development on Flooding in DeKalb County 

Project Number: E20-646 

During the last two months of the contract period it became apparent that 

the project would not be complete by December 1 and all the funds for the 

project would not be spent. Arrangements were made for an extension of the 

project though final approval would be after December 1. 

Gage installation was ninety percent complete by December 1 and would 

be completed by the first of the year when DeKalb County would take respon-

sibility for the operation of the gages. 

Only seventy-five percent of the computer runs had been completed by 

December 1 and some needed to be repeated because of input data errors. Drafts 

of portions of the final reports had been completed. 

During November, several afternoon seminars were held at DeKalb County 

to explain the hydrologic simulation model and the stream gage operation pro- 

cedures. The computer program and data files were placed on the DeKalb County 

computer and modified to fit the computer size and software. 

The project is to be extended through March 31st to complete the simu-

lation runs for the eight study watersheds, write reports, and complete the 

stream gage installation. 
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ABSTRACT 

Urban development has occurred so rapidly in the Atlanta Metropolitan 

Area that the citizens and their governments have not been able to deal 

adequately with the associated flood and drainage problems. As the 

idealistic approach of locating everyone and everything on higher ground 

is costly if not impossible, the welfare of DeKalb County will best be 

served by a combination of 1) tributary area land use planning, 2) flood 

plain management including land use planning and regulation of 

flood plain building practices, and 3) structural measures involving 

detention storage and drainage system improvements. Selection of a 

successful combination requires information on how land surfaces and 

drainageways respond to a variety of precipitation patterns. Since 

watershed configurations and precipitation patterns are so complex and 

varied, hydrologic simulation is the only method powerful enough to 

determine fully the effects of land use and channel changes on flood 

elevations. 

In order to provide a working simulation model for use by DeKalb 

County, the Urban Flood Simulation Model was developed. Rainfall, stream-

flow, and soils data in DeKalb and similar adjacent areas were analyzed 

with a watershed model to develop an historic data file of rainfall excess 

for the range of land surface conditions found in DeKalb County. The Urban 

Flood Simulation Model simulates floods given the data file and prescribed 

physical characteristics of as many as 100 area, channel, and storage 

segments in a selected drainage area (Snapfinger Creek for example). The 

Model will calculate flood elevations and associated probabilities for all 

critical points specified in the input data. Though collecting, coding 

and checking the data on the physical characteristics may take a man-month 

or more depending on the size and resolution, once the coding is complete 

it is relatively easy to explore the effects of changing land-use, altering 

the drainage system, or adding detention storage. The procedures used in 

developing the file of runoff data, the computational framework, the computer 

programming, and the recommended procedures for collecting and coding data on 

drainage characteristics are all described in detail. Several case study 

applications illustrate how the Model can be used in hydrologic studies. 
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SECTION I 

Urban Drainage Problems 

Mass construction of houses, apartments, commercial and industrial 

units, streets, and parking lots has decreased the infiltration of rain-

water into the soil and, hence, increased storm runoff and complaints 

from flooded property owners. The problem is compounded by 1) con-

strictions in natural stream channels caused by debris, land fills, 

and roads with culverts sized to handle runoff with rural conditions; 

2) reduction in storm water storage on flood plains due to land fills 

and buildings; 3) increased velocity of flow on flood plains from 

removal of vegetation, 4) channels clogged with soil eroded from 

construction sites, and 5) paved gutters and channels which quickly 

deliver water from roofs, streets, and parking areas to nearby channels. 

In an effort to reduce complaints, culverts are enlarged, channels 

cleaned, and detention storage areas constructed. Though these measures 

almost always reduce the immediate problem, they can and have compounded 

problems by increasing flows downstream. Even detention dams on lower 

tributaries can, in some cases, increase flood levels in the main channel 

by delaying the tributary flow so that it peaks closer to the crest of 

the flood wave in the main channel. 

The major storm drainage problem that exists in DeKalb County has 

thus been created by a combination of 1) manmade changes to land 

surfaces and drainageways that have increased and accelerated runoff 

2) capital investment in land development in low-lying areas, and 

3) remedial measures that have not always been successful because they 

were designed from an incomplete or erroneous understanding of the total 



hydrologic system. As the idealistic approach of moving everyone and 

everything to higher ground is costly if not impossible, the economic 

and environmental welfare of the county will best be served by a combina-

tion of 1) land use planning for flood plain and tributary areas, 2) con-

trol of building practices, and 3) detention storage and drainage system 

improvements. Selection of a successful combination requires information 

on how land surfaces and drainageways will interact in responding to a 

variety of precipitation patterns. Drainage system configurations are 

so complex and the precipitation patterns are so varied that hydrologic 

simulation is the only method that can be used to determine fully the 

effects of various actions on flood flows and elevations. 

The hydrologic information required to deal with the current storm 

drainage problem in DeKalb County and to evaluate proposed plans of 

action are: 

1) flood flows and stages and associated probabilities for all streams 

in DeKalb County for current land-use and channel conditions; 

2) expected changes in flood flows and stages and associated pro-

babilities for projected land-use patterns, for the addition or 

removal of detention storage facilities, or for alteration of 

channels and floodways; and 

3) effects of channel constrictions which are presently altering 

both upstream and downstream flooding. 

These facts can only be obtained through hydrologic simulation of the 

runoff, channel storage and routing processes on a digital computer. Once 

the computer is programmed, only the existing or proposed physical charac-

teristics of the drainage area, channels, and storages are needed for gen-

erating the required hydrologic information. 
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SECTION II 

Development of the Urban Flood Simulation Model (UROS4) 

Introduction  

Hydrologic simulation is the programming and operation of a digital 

computer model to describe the behavior of a drainage system over ex-

tended periods of real time. The value of a simulation model depends 

on the degree to which it matches the response of the actual system. 

Thus, establishment of a reliable model requires calibration and 

verification with measured data in the location it is to be applied. 

A calibrated model can be used to predict the consequences of actions 

not yet taken or of events which have not yet occurred by running the 

model with data representing those actions or events. 

Hydrologic simulation uses mathematical expressions to represent 

the physical processes through which water moves through a watershed. 

The primary processes include precipitation, infiltration of water 

into the soil, overland flow of the water that does not infiltrate, 

passage of water through the soil to the channel, and movement and 

storage of stormwater in channels and associated floodways as well as 

in lakes and other ponded areas. The goal of the hydrologic simulation 

model, then, is to combine the mathematical expressions so as to re-

present the processes in a way that can be used to provide the informa-

tion needs listed in the previous section. More specifically, it is 

desired that the model: 

1) generate stormwater runoff from rainfall for many storms for 

many years so as to cover the range of conditions needed to deter-

mine the probabilities associated with various flood flows, 
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route the stormwater runoff over the land-surface, through 

channels, floodways and lakes, 

3) statistically analyze the annual series of peak floods to 

assign probabilities to floods flows, and 

4) transform flood flows at specified probabilities to flood 

elevations. 

Figure 1 is a flow chart of the steps used in this study to build 

and apply a computer model to fulfill these objectives. The overall 

strategy involved 1) developing a runoff file of runoff volumes for various 

land surfaces at several time increments for a sequence of historical storms 

and 2) programming a flow routing model given the acronym UROS4. The 

strategy in developing the runoff file was to calibrate a runoff simula-

tion model patterned after the Stanford Watershed Model on several gaged 

watersheds in the general area of DeKalb County, use the calibrated model 

to simulate 72 years of hourly streamflows from the Atlanta rainfall record, 

select a representative portion of this total period so that subsequent 

simulations would be less expensive, and use the model and the selected years 

of precipitation to simulate runoff. A 25-year period was selected. The 

simulation of runoff was repeated four times, once for each of the three 

broad soil permeability groups found in DeKalb County and once for imper-

vious surfaces. Each simulation produced sums of direct runoff, interflow, 

and baseflow for three to six major storm periods per year at one, five 

and fifteen-minute time increments. The results were stored in "runoff 

files" so that the runoff process would not have to be resimulated in model 

applications. 

Hydrologic analysis of a specific watershed with UROS4 thus starts 

with the appropriate runoff file as input to the routing model. Three types 

of routing are used: subarea routing, channel routing, and storage routing. 
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Figure 1. Flowchart for Model Development 



Subarea routing accounts for the time lags and surface storage effects as 

the runoff originating over the subarea moves to its low point. Channel 

routing uses kinematic wave theory to represent the effect on the flood 

hydrograph of traveling a length of channel. Storage routing represents 

the effect of ponding behind culverts and in other detention areas. The 

required inputs to the routing model for a particular watershed are the 

distribution of subarea surfaces among the four soil permeability types 

and the information needed to physically describe the land areas, channels, 

and storage locations for the routing. 

This section will first define subarea, channel, and storage segments, 

their relevant quantitative characteristics, and the mathematics involved 

in generating runoff hydrographs. Second, the procedure of using a water-

shed model and input data from a long meteorological record to develop a 

file of storm runoff data is discussed. Last, frequency analysis of the 

simulated peak flows and conversions of flows to associated flood elevations 

is discussed. 

Watershed Segments  

Simulation of runoff from a watershed of much more than a few acres 

is best accomplished by dividing the total drainage area into a number 

of discrete and relatively homogeneous subareas in order to account 

for 1) drainage area shape and the configuration of the stream channel 

system, 2) spatial variation in intensity of land development, and 

3) time lags and storage effects present in channels, lakes and other 

ponding areas. Representation of the physical characteristics of all 

small homogeneous areas, the geometry of every possible flow path, 

and the storage in every depression or behind every constriction would 

make a model needlessly costly. Thus, it is necessary to lump areas 

and group flow paths into larger segments to make an urban runoff model 
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manageable. Segment size, then, must balance the cost of analysis with 

the desired spatial detail of information and reliability of the simulated 

flows. Segments too large would produce more approximate results while 

segments too small would make the cost of analysis excessive. 

The geometric description of the land surface is accomplished by 

dividing the total drainage area into smaller relatively homogenous units 

called subareas. UROS4 provides options for division at either a micro 

or a macro level. For micro division into areas of no more than a few 

acres, the subareas are conceived as rectangles whose runoff empties per- 

pendicularly into an open channel at the downstream edge of the flow plane. 

Areas greater than several acres are not sufficiently homogeneous to 

treat as rectangles with uniform slope and cover; and thus when larger 

subareas are used, they are treated at a macro level instead of the 

micro level. The drainage network is described by subdivision into 

channel segments and storage areas. Channels may be rectangular, tri-

angular, circular or of an irregular natural shape. Storage areas are 

defined by a storage-discharge relationship. 

In arranging the segments for UROS4, any type of segment may discharge 

into any other type segment, although discharge of channels or storages 

to areas are rare. One possibility on the micro-scale would be downspouts 

from roofs draining onto lawns. In such cases the discharge onto a source 

area is assumed to be spread uniformly across that area and is added to 

any incoming precipitation. 

Hydrologic Processes Modeled in UROS4  

Infiltration. Two options are available in UROS4 for determining run-

off rates. When the runoff files are used, infiltration of storm water into 

the soil has already been deducted and the runoff has been estimated with 
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the watershed model. However, an alternative has been provided in UROS4 

so that rainfalls may be used for storm events not covered by the runoff 

file. In such cases, losses from infiltration into the soil and filling 

depressions on the land surface must be calculated. Other losses such 

as interception by vegetation and evapotranspiration, are relatively 

small during the short and very intense rainfalls that generate runoff 

peaks from small urban watersheds and are not estimated by the loss function 

described below. They are, however, included in the generation of the run-

off files by the watershed model. 

The loss function used in the Corps of Engineers' HEC-1 Flood Hydro-

graph Package was selected for use, as an alternate to the runoff file 

because of its flexibility. 

The loss rate function used by HEC-1 is 

ALOSS = (AK + DLTK) p
ERAIN 	  (1) 

where DLTK and AK are defined by the following two equations: 

DLTK = 0.2 DLTKR (1-CUML/DLTKR)
2 
when CUML < DLTKR 	  (2) 

DLTK = 0.0 when CUML > DLTKR 

 

AK = STRKR/RTIOL 
(0.1 CUML) 

 

(3 ) 

 

The various terms are represented on Figure 2 and defined as follows: 

P 	= rainfall intensity (inches per hour) during the time interval 

ALOSS = loss rate for particular time interval (inches per hour) 

AK 	= loss rate coefficient at beginning of time interval 

DLTK = incremental increase in loss rate coefficient during the 

time interval 

CUML = accumulated loss (inches) up to current time interval 

ERAIN = exponent of precipitation for the loss rate function 

DLTKR = additional rain loss at the beginning of the storm 

STRKR = value of the loss coefficient at the beginning of the storm 
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Figure 2. Loss Rate Function Used by HEC Model 



RTIOL = ratio of rain loss coefficient to that corresponding to 

10 inches more of accumulated loss. 

Of the nine terms listed above, P comes from input precipitation data; 

AK, ALOSS, and DLTK are calculated from the above expressions; CUML is 

the accumulation of calculated values of ALOSS up to the time interval 

at hand; and ERAIN, DLTKR, STRKR and RTIOL are the parameters that need 

to be calibrated for a given storm on a given watershed, where ERAIN 

and RTIOL are relatively less and DLTKR and STRKR are relatively more 

sensitive to antecedent moisture conditions. During the summer following 

several weeks with little rain, DLTKR and STRKR would be fairly high, 

whereas during the winter following several weeks of low intensity rain-

fall, DLTKR and STRKR would be quite low. 

The HEC-1 program contains a routine for selecting optimum values 

for the four parameters (ERAIN, DLTKR, STRKR, and RTIOL) appearing in 

the loss rate function from rainfall and streamflow data from a measured 

storm. In a study by 0.C. White (1973) at Georgia Institute of Technology, 

ten storms on Camp Creek, Clayton County, were used to find values for 

ERAIN, DLTKR, STRKR, and RTIOL. A detailed description of the Camp Creek 

drainage area is found in a subsequent section of this report. Character-

istics of the ten storms are listed in Table 1. 

The four parameters were optimized in a manner recommended in HEC-1 

(1970) in the following order: 1) ERAIN, 2) RTIOL, 3) STRKR and 4) DLTKR. 

After the parameters were optimized for each storm, an average value 

was computed for ERAIN; and that parameter was then fixed at that value 

for subsequent optimizations. From the next set of optimized values, 

RTIOL was averaged, and the process continued through DLTKR. Values 

obtained for each of the four parameters from the first optimization 

are enumerated in Table 2. The average values are from the optimization 
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Table 1. Characteristics of Storms Used To Calibrate HEC-1 for Camp Creek 

Maximum 	 Peak 
Duration 	Hourly 	 Recorded 

Flood Date
a 

of 	 Rate of 	Total 	Total 	Discharge 
Rainfall 	Rainfall 	Rainfall 	Excess 	Rate 
(hours) 	(inches/hr.) 	(inches) 	(inches) 	(c.f.s.) 

Feb. 	25, 	1961 18 1.23 5.67 4.25 4,000 

Jan. 	15, 	1966 38 .28 2.12 .94 684 

Feb. 	12, 	1966 26 .61 3.95 2.43 1,390 

March 4, 1966 28 .28 2.33 1.63 850 

March 10, 1967 12 .98 2.02 .84 761 

Aug. 	24, 	1967 38 .56 4.16 1.46 868 

March 12, 1968 24 .56 2.72 1.52 1,100 

April 5, 1968 20 .37 2.68 .91 746 

April 18, 1969 14 .74 2.62 1.27 1,020 

May 9, 1969 12 2.30 4.34 .73 768 

a
Floods are identified by the data on which the peak streamflow rate occurred. 



Table 2. Results of Loss Rate Parameter Optimization 

Flood 
Date ERAIN RTIOL STRKR DLTKR 

2/25/61 a  .49 3.13 .03 1.86 

1/15/66 .49 2.35 .15 .32 

2/12/66 .54 1.34 .18 1.13 

3/4/66 .46 10.12 .05 - 

3/10/67 .29 3.72 .21 1.76 

8/24/67 .57 3.66 .24 2.92 

3/12/68 .54 1.51 .19 1.03 

4/5/68 .46 5.06 .15 2.10 

4/18/69 .58 4.24 .12 1.45 

5/9/69 1.06 3.38 .66 5.34 

Average
b 

.49 3.13 .18 1.53 

a Data not initially available and not included in the average. Values 
for ERAIN and RTIOL were not optimized while the remaining parameters 
were optimized simultaneously. 

b Average is for only eight storms. The 3/4/66 and 5/9/69 storms were 
dropped from the analysis because of unrealistic values. 
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just described. The storms on March 4, 1966, and May 9, 1969, were not 

included in the average because unreasonable values were estimated for 

some parameters; a situation that often occurs when a gaged record poorly 

represents the true precipitation patterns. 

The three principal reasons for variation from storm to storm in 

parameter values are 1) differences between the true time and spatial 

pattern of rainfall over the basin and rainfall measured at the gage, 

2) differences in antecedent moisture conditions at the beginning of 

the storm, and 3) errors in streamflow measurements. An average parameter 

for the HEC-1 model, thus, represents an average precipitation pattern 

with average antecedent moisture and is not directly applicable for 

flood frequency studies. The range of values from storm to storm 

illustrates the uncertainty involved in selecting parameter values for 

use when trying to use a ten-year rainfall to predict a ten-year flood 

flow. 

Routing Flow from Subarea Segments.  UROS4 overland flow simulation 

uses storm runoff volumes generated by the HEC-1 infiltration model or 

from the runoff file. The simulation at the micro scale is discussed 

first, is taken from Crawford and Linsley (1966), and is based on the 

continuity equation 

D
t 
= D

t-At 
+ (P - i - 1:D At 	  (4) 

where: D = surface detention storage 

t = time 

At = time increment 

P = average rainfall less interception during At 

I 

- 

= average infiltration during At 

Q 

- 

= average outflow during At 

Average outflow equals 
(Q
t + Qt-At)12 where Q at any time t is a function 
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of outflow depth which in turn is a function of current and equilibrium 

detention storage for a given rainfall intensity. An empirical equation 

is used to relate the two detention storages to outflow depth, and 

Manning's equation is used to determine both detention storage at 

equilibrium and the relation between outflow depth and outflow. The 

resulting equations are 

1.486 1/2 Dt 5/3 	 Dt 3 5/3 
Qt  = 	 (--) 	(1.0 + 0.6 (

iTe 
	

) 

D 	0.000818  i0.6n0.6L1.6 
e 

=   (6) 
S

.3 
CI  

where n = Manning's n 

L = length of flow surface in feet 

S = slope of flow surface 

i = intensity of rainfall in inches per hour 

D
e 
= detention storage at equilibrium in average depth in inches 

over the area 

An implicit solution for Qt  and D
t 
with the Newton-Raphson scheme is 

used. Instabilities were found for very steep slopes and short flow 

lengths such as rooftops. In these cases outflow for each time increment 

is arbitrarily calculated as 75% of the sum of the existing water depth, 

Dt-At' 
plus the rainfall excess for the current time step. 

Published data from the Johns Hopkins Storm Drainage Research Project 

(Schaake, 1965) and from Izzard (1946) were used to test the overland flow 

model for completely impervious watersheds. The data from the Johns 

Hopkins' project was for a catchment comprising a 0.39-acre paved 

surface which was subdivided into six source areas and three channels. 

Simulation of this area is greatly simplified by its small size 

(5) 
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and lack of pervious areas. One storm event was modeled, and the 

simulated hydrograph was found to correspond very closely with the 

observed runoff (Figure 3). In addition, two events from Izzard's work 

were simulated with the same good reconstitution of the hydrographs as 

shown in Crawford and Linsley (1966) and Figure 4. 

The Johns Hopkins' parking lot was also modeled as a single source 

area rather than a collection of six areas and three channels. The 

simulated hydrograph still corresponded quite well with observed data 

(Figure 5). In all cases only measured physical characteristics and 

selected roughness coefficients were needed. No parameter calibration 

was required. 

Overland flow simulation at the macro scale is needed for areas 

over several acres. For these areas, land surface and flow pattern 

characteristics are too complex to be adequately represented by a 

uniform flow plane, and a different approach is needed to represent the 

combined effects of overland flow and collector channels. 

In a Purdue study (Sarma, 1969) and other studies (Willeke, 1966) of 

urban watersheds, it was found that a single linear reservoir model is often 

adequate to represent the time distribution of runoff for urban watersheds 

less than a few square miles in area. The storage-discharge relation- 

ship for a linear reservoir is given by 

S = KQ 	  (7) 

where S = water stored in the reservoir (on the watershed) 

Q = outflow from the reservoir (watershed) 

K = storage coefficient 
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The value of the storage coefficient depends on the physiographic character-

istics of the watershed including the percent impervious area and the 

characteristics of the storm which causes the runoff. The relationship 

found in the Purdue study between these characteristics and the storage 

coefficient is 

K = 0.887A
0.49 

(1 + U)
-1.683

P
E 

-0.24
T
R
0.294 	

(8) 

where A is the drainage area (square miles), U is the decimal fraction 

expressing the ratio of impervious area to total watershed area, PE  

is the precipitation excess (inches), and T R  is the duration of rain 

(hours). The exponents for the terms P
E 

and T
R 

are small relative to 

the other two terms in Equation 8. Thus, the effects of the duration 

and amount of rainfall are small and can be dropped from the equation 

with little loss in accuracy. Also, the exponent on the term for 

drainage area was so close to 0.5 that it was changed to that value. With 

these modifications, the coefficient for the equation, 0.887, would no 

longer be valid. Equation 8 with modifications becomes 

K = PK*A
0.5 

 (1 + U)
-1.68 	

(9) 

where, 

K = storage coefficient for routing (hours) 

PK = coefficient calibrated for the Atlanta region 

A = drainage area (square miles) 

U = decimal fraction expressing the ratio of impervious area to total 

watershed area 

To determine the appropriate value for PK for the Atlanta region, storms 

on five watersheds ranging in area from 11 acres to 17 square miles 
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were analyzed. The drainage areas are the Clairmont Watershed near 

Black Fox Drive (11 acres), South River at East Point (1.49 square 

miles), a tributary to South Utoy Creek (0.75 square miles), North Fork 

Camp Creek (5.2 square miles), and Camp Creek near Fayetteville (17 

square miles). Table 3 lists physical characteristics of the five water-

sheds. Estimates using data from the Purdue study (Rao, 1972) indicated 

a value of 1.0 for PK would be a good initial estimate. This value 

was used and several storms on each watershed were simulated. The 

resulting storm hydrographs for the Clairmont Watershed are shown in 

Figures 6a through 6g. Table 4 lists the infiltration parameters 

and storm characteristics that were used for the other four watersheds. 

Other values of PK, 0.5 to 2.2, were also tried. The results were 

not found to be very sensitive to the value of PK (Table 5), and a value 

of 1.0 was selected as most appropriate. The results also showed the 

method was only applicable to areas under two square miles. 

Equation 7 can be combined with the continuity equation written 

as Equation 36 to obtain a routing equation 

Q
2 

= C
O
I
2 
+ C 1 I

1 
+ C

2
Q
1 	  

(10) 

where 	I. = inflow (usually precipitation) to the watershed at time i 
1 

Q
i 
= outflow from the watershed at time i 

At = interval of time used in routing 

CO 
 = 
	(0.5 At)/(K + 0.5At) 	  (11) 

C 1  = 	(0.5 At)/(K + 0.5At) 	  (12) 

C
2 

= 	(K - 0.5At)/(K + 0.5At) 	  (13) 

Since CO  = C
1
, Equation 10 can be written as 
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Table 3 	Watershed Characteristics 

Number of Average Size 	Average 
Watershed 	Drainage Area 	Impervious Area 	Subareas 	Subarea (acres) 	Reach Length (feet) 

Clairmont 	 10.8 acres 	 0. 9 5** 	 - 	 - 

South Utoy 
Creek Tributary 	0.75 sq. mi. 	0.1_2 	 6 	 80 	 1467 

South River 
at East Point 	1.50 sq. mi. 	0.228 	 6 	 159 	 1000 

North Fork 
Camp Creek 	5.20 sq. mi. 	0.104 	 20 	 168 	 1618 

Camp Creek 
at Fayetteville 17.0 sq. mi. 	0.027 	 38 	 286 	 2088 

* Determined from computer simulation for the larger 4 watersheds by optimization of impervious area 
perameter. Measured for Clairmont Watershed. 

** 0.33 if impervious area that drains onto land surfaces rather than into the creek is included. 
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Watershed 

Table 	4. 

Storm 	STRKR 

Infiltration Parameters 

Runoff 
Rainfall 	Simulated 

DLTKR 	(inches) 	(inches) 

Runoff 
Measured 
(inches) 

S. Utoy 
Creek 4/6/64 0.192 1.2 3.26 1.85 1.85 

12/4/64 0.215 1.1 1.50 0.56 0.56 
2/12/66 0.226 1.2 3.78 1.84 1.84 

11/24/67 0.260 1.2 1.76 0.74 0.74 

South 
River 4/6/64 0.115 1.2 3.26 2.31 2.31 

8/23/67 0.235 1.2 2.81 1.45 1.45 
3/12/68 0.248 1.2 2.18 1.07 1.07 

N.F. Camp 

Creek 10/16/64 0.235 1.0 2.75 1.25 1.25 
2/12/66 0.170 1.0 3.78 2.35 2.35 

Camp 
Creek 2/25/61 0.0425 0.25 5.67 4.94 4.93 

4/6/64 0.230 1.0 3.26 1.33 1.34 
4/27/64 0.065 0.25 2.12 1.74 1.74 
7/12/64 0.140 1.0 0.84 0.38 0.38 

10/15/64 0.300 1.0 2.75 0.73 0.73 
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Table 5. Sensitivity of Parameter PK 

Peak 	Flow 	 Time to Peak  
Watershed 	Storm PK 	Simulated Measured Simulated Measured  

	

cfs 	cfs 	min 	min 

	

South Utoy 4/6/64 	1.5 	149 	222 	600 	600 

	

1.0 	156 	222 	600 	600 

	

0.5 	163 	222 	600 	600 

	

1.5 	76 	 97 	360 	360 

	

South Utoy 12/4/64 	1.0 	89 	 97 	360 	360 

	

0.8 	95 	 97 	360 	360 

	

0.5 	106 	 97 	360 	360 

	

South Utoy 2/12/66 	1.50 	165 	172 	960 	1080 

	

1.30 	171 	172 	960 	1080 

	

1.00 	179 	193 	360 	1080 
South Utoy 11/24/67 1.50 	165 	193 	360 	480 

	

1.00 	170 	193 	360 	480 

	

0.5 	188 	193 	360 	480 

South 
River 	4/6/64 	1.50 	333 	557 	600 	660 

	

1.00 	353 	557 	600 	660 

	

0.50 	373 	557 	600 	660 
South 

River 	8/23/67 	1.50 	304 	517 	480 	480 

	

1.00 	330 	517 	480 	480 

	

0.50 	357 	517 	480 	480 
South 

River 	3/12/68 	1.50 	253 	325 	480 	480 

	

1.00 	279 	325 	480 	480 

	

0.50 	310 	325 	480 	480 

N.F. Camp 
Creek 	4/6/64 	1.0 	974 	777 	600 	900 

	

1.50 	85k 	777 	600 	900 

	

1.70 	808 	777 	600 	900 

	

2.00 	750 	777 	600 	900 

	

Camp Creek 4/6/64 	1.00 	1912 	1212 	600 	1050 

	

1.75 	1369 	1212 	600 	1050 

	

1.90 	1294 	1212 	600 	1050 

	

2.20 	1166 	1212 	600 	1050 
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Q2  = 2C0 (
I1 
 2 
+ 
 I2 ) + C 2Q1 	  (14) 

Or 
	

Q
2 
= 2C

0 
+ C

2
Q
1 	  (15) 

where I = average rate of precipitation excess during the interval At. 

Values of C
2 
from Equation 13 will be negative when the time step 

At is less than twice the value of K. Thus, if a 5-minute time step is 

used and the drainage area is so small and the fraction of impervious 

area is so large that the value of K from Equation 9 is less than 2.5 

minutes, then the procedure breaks down. In such cases, a smaller time 

step must be used or the drainage area must be combined with an adjacent 

area. Since the standard time steps in the routing model are 1, 5 or 

15 minutes, Table 6 was developed to determine the minimum subarea 

sizes that can be used for the different time steps at different levels 

of impervious areas. 

Channel Routing. The movement of flood waves is largely kinematic 

in all but very large flat rivers. Rastogi (1971) and Kellerhals (1970) 

have demonstrated that the kinematic wave equations are applicable in 

regions as diverse as Illinois and British Columbia. Solutions to these 

equations have also been programmed into the Hydrocomp Hydrologic Simulation 

Program (1969) and the MIT Catchment Model (1970), and each has reproduced 

measured hydrographs quite well. 

Thus, channel routing in UROS4 is based on the solution of the 

kinematic wave equations 

aA ag _ 

	

ax q 	 (16) 

	

Q = aAm 	 (17) 
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TABLE 6• Minimum Drainage Areas 

(area in acres) 

Impervious 
Area 
(fraction) 

Time Step 

15 minute 1-minute 5-minute 

0.0 .04 1.11 10.0 

0.2 .08 2.05 18.5 

0.4 .14 3.44 31.0 

0.6 .22 5.39 48.5 

0.8 .32 8.01 72.1 

1.0 .46 14.41 102.7 
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in which A is the cross--sectional area of flow, Q is the rate of flow, 

q is the rate of lateral inflow, t is time, x is distance along the 

channel reach in the downstream direction, and the parameters a and m 

are determined by channel slope, roughness, and size. Substituting 

Equation 17 into Equation 16 gives 

aA_ Am-1 aA a-t-- 	= q 	  (18) 

Thus, A is a function of x, t, and q, and can be substituted into Equation 

17 to determine Q. 

The solution of Equation 18 involves finite approximations to the 

following derivatives 

aA A(x + ix, t + At) -A(x + ix,t)  
	 (19) 

3t 	 At 

aA_ 	+ Lx, t + At) - A(x, t + it) 	 (20) a x Ax 

and the following substitutions for the remaining terms. 

amAm-1  = am 
(A(x, t + At) + A(x + Ax, t)  )m-1 
	 (21) 

2 

q = 
q(x + Ax,t) + q(x + Ax, t + At)  	 (22) 

2 

Substituting equations 19-22 into Equation 18 and solving for A(x + Ax, 

t + At) gives 

A(x + Ax, t + At) -
U + V + W 

z 	 (23) 
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where: U = A(x + Ax, t)  
At 
	  (24) 

V = ma (
A(x

' 
t + At) + A(x + Ax,  

2Ax 
)
m-1 

A(x, t + At) .(25) 

q(x + Ax, t) + q(x + Ax, t + At) 
(Ax) 	 (26) 

2 

1 Z = --A--
t + ma (

A(x
' 
 t + At) + 

2
A(x + Ax,  t) 	) m-1 

	 (27) 

Discharge at the downstream point then becomes 

Q(x + Ax, t + At) = aA(x + Ax, t + At) m 	 (28) 

For the computer code and the remainder of the report, the parameters a 

and m will be listed APARM and MPARM, respectively. Values for APARM 

and MPARM for different geometric channel shapes are given in Table 7. 

Sensitivity of the routed flow to the incremental channel reach 

length, Ax, used in the routing was examined by comparing the routed dis-

charge from one 1000--foot reach with that at the downstream end of a series 

of ten 100-foot reaches. Although the hydrographs are similar (Figure 7), 

minor differences can be noted. Besides the different estimates of flood 

peaks, a difference exists in the way in which the flood wave is transmitted. 

For the single long reach, changes in inflow (due to changing precipitation) 

are quickly transmitted downstream to change outflow. These results 

suggest that the selection of reach length is important but not critical. 

A reach length equal to the time step divided by the average velocity 

would make the finite approximation to Equation 14 a little more accurate 

than longer or shorter reaches. 
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Table 7. Values of Kinematic Routing Coefficients 
for Three Channel Shapes 

Channel 	 APARM 	 MPARM 	 L 
Type  

Rectangular 

Circular 

1.49 S 0.5 
o 

	

1.67 	 Width of Channel 

	

1.00 	 Diameter 

n L
0.67 

1.49 S 0.5 
o 

 

n(0.25L) 

 

Triangular 1.49 S 0.5 
o 

1.33 	 Width at 1.0 ft. Depth 

 

n L
0.33 

 

So = Longitudinal Slope of Channel Bottom 
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Simulated with ten 
100-foot reaches 

- - Simulated with one 
1000-foot reach 

cb.eo 	20.00 	40.00 	60.00 	80.00 
TIME (MINUTES) 

Figure 7. Effects of Number of Channel Increments on Kinematic 
Routing of a Flood Hydrograph 
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In order to apply the kinematic routing equations, it is necessary 

to develop an appropriate method for estimating APARM and MPARM. Lumb (1973) 

studied travel times in Georgia streams and found a correlation between 

Q and A of the form of Equation 17. Values of APARM and MPARM were deter-

mined from U.S. Geological Survey data for over 140 streamgage stations 

in Georgia. APARM and MPARM for the six watersheds in the metropolitan 

Atlanta area were plotted and a curve sketched between the points. Two 

points were selected from the curve for APARM and MPARM, and flow from 

selected storms on the four drainage areas were simulated. The results 

are shown on Table 8. The simulation is fairly good for South Utoy where 

the channels remain in their natural state. Simulated peak flows for 

South River are too low because the channels have been improved and channel 

storage reduced. Simulated peak flows for North Fork Camp Creek and Camp 

Creek are too high because the swampy lower reaches provide more storage than 

does the average Georgia stream. The results of Table 9 thus indicate that 

statewide average values for APARM and MPARM estimated from the U.S. Geo-

logical Survey discharge measurements are not adequate for kinematic routing 

in DeKalb streams and that it is necessary to measure the physical character-

istics of the channel reaches from maps and field surveys. 

A second study was conducted on APARM and MPARM to determine if the same 

values could be used for both flows within the stream channel and flows 

extending on the flood plain. Six cross-sections on North Fork Camp Creek 

were selected from data available from the Corps of Engineers. Discharge 

was calculated with Manning's equation for each cross-section at several 

water surface elevations below and above the bankfull level. Plots of the 

calculated discharge versus cross-sectional area on Figures 8 through 13 

show a break point exists at bankfull channel capacity. Straight lines 
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Watershed Storm 

Table 8. Peak Flows for USGS based APARM and MPARM 

Time to Peak 
APARM MPARM Simulated 

Peak Flow Volume Runoff 
Measured Simulated 	Measured Simulated 	Measured 

S. Utoy 4/6/64 0.186 2.0 165 222 1.83 1.85 600 600 
0.678 1.25 158 

12/4/64 0.186 2.0 106 97 0.56 0.56 360 360 
0.678 1.25 95 

2/12/66 0.186 2.0 192 172 1.85 1.84 975 1080 
0.678 1.25 186 

11/24/67 0.186 2.0 231 193 0.75 0.74 360 480 
0.678 1.25 204 

South R. 4/6/64 0.186 2.0 375 557 2.24 2.31 600 660 

(...) 
m 8/23/67 

0.678 
0.186 

1.25 
2.0 

355 
353 517 1.46 1.45 480 480 

0.678 1.25 336 
3/12/68 0.186 2.0 283 325 1.07 1.07 360 480 

0.678 1.25 253 

N.F. 
Camp Ck. 10/16/64 0.186 2.0 469 536 1.08 1.25 720 1500 

0.678 1.25 399 
2/12/66 0.186 2.0 1215 823 2.02 2.35 940 1140 

0.678 1.25 1044 

Camp Ck. 2/25/61 0.186 2.0 9680 4000 4.96 4.94 780 1080 
0.678 1.25 6330 

4/6/64 0.186 2.0 2890 1212 1.46 1.34 600 1050 
0.678 1.25 2390 

4/27/64 0.186 2.0 4440 1488 1.76 1.74 540 780 
0.678 1.25 3050 

7/12/64 0.186 2.0 1800 463 0.39 0.38 540 840 
0.678 1.25 924 



Table 9. Calculated APARM and MPARM from 

Channel Sections on North Fork Camp Creek 

x-section 
number 

Channel Flow 

APARM 	MPARM 

Overbank Flow 

APARM 	MPARM 

3 2.53 1.01 1.96 0.834 

5 0.411 1.50 10.64 0.875 

6 0.295 1.56 43.17 0.735 

7 1.04 1.37 20.87 0.696 

9 1.91 1.28 19.40 0.772 

10 1.74 1.33 17.50 0.807 
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Figure 8. Discharge vs. Cross-Sectional Area, Section 10, North Fork Camp Creek 
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Figure 10. Discharge vs. Cross-Sectional Area, Section 7, North Fork Camp Creek 

D
is
c
h
a
r
g
e  
(
C.

  

6 7 8 9 1000 	 7   	4 	5 	6 7 4 9 10000 
' - '100 00 1 	-r 

I 	, 9 

10 	 2 7 8 9 00 4 

_ 

100 0 

7 

2 

10 	 2 6 	3 9 100 
1 	 

6 7 8 9 

t•,; 

5 5 7 9  5 10000 3 

8 

7 

4 

3 
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Figure 11. Discharge vs. Cross-Sectional Area, Section 6 , 

North Fork Camp Creek 
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Figure 12. Discharge vs. Cross-Sectional Area, Section 5, North Fork Camp Creek 
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Figure 13. Discharge vs. Cross-Sectional Area, Section 3, North Fork Camp Creek 



were drawn through the points and values of APARM and MPARM calculated. 

The results are shown in Table 9 and Figure 14. Channel slopes ranged 

from 0.0034 at a downstream reach to 0.0097 at an upstream reach. 

:Ianning's n for the flood plain was assumed to be 0.12, and a value of 

0.04 was used for the channel. 

Since the above results dictated the use of channel routing parameters 

estimated from specific field data, the model was programmed to accept physical 

characteristics of the channel and flood plain. These characteristics for 

a water surface elevation as shown on Figure 15 are: 

AC 	= cross-sectional area of the channel 

ACX = cross-sectional area projected above the channel 

ALT = cross-sectional area of the left flood plain 

ART = cross-sectional area of the right flood plain 

WPC = wetted perimeter of the channel 

WPL = wetted perimeter of the left flood plain 

WPR = wetted perimeter of the right flood plain 

FNC = Manning's n of the channel 

FNL = Manning's n of the left flood plain 

FNR = Manning's n of the right flood plain 

SLOPE= slope of the hydraulic grade line as approximated by that of 

the invert of the channel 

Given 1) the cross-sectional area of the channel, 2)wetted perimeter, 

3) Manning's n and 4) slope of the invert of the channel; the associated 

discharge at channel capacity can be calculated from Manning's equation 

QC 
-1.49 

 ( 	
9 AC 

 )
-/3 

 (AC)(SLOPE)
1/2 
	  (29) 

FNC WPC 

Assuming an MPARM of 1.5 for channel flow, a number less that that for an 
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infinitely wide channel and near the average for North Fork Camp Creek, 

APARM for the channel can be calculated by 

APARM = e 
(log

e 
QC-MPARM*log

eAC) 	  (30) 

IIPARM for flows exceeding channel capacity is calculated by the following 

equations. 

MPARMfp  = loge (QS/QC)/loge (AS/AC) 	  (31) 

where 

	

AS = AC +ACX + ART + ALT 	  (32) 

	

QS = 1.49(SLOPE)
1/2

(ZQ) 	  (33) 

n 	(AC + ACX)  (AC + ACX 2/3 ART ART 2/3 ALT ALT 2/3 
= 	FNC 	WPC 	) 	+ 

FNR (ART)2/3 
 FNL (WPL ) 	.(34) 

APARM for flows exceeding channel capacity is 

APARM = e (log
e
QC-MPARM

fp
logeAC) 

fp 

 For simulation of channel flows above the value of QC, APARM
fp 

and MPARM
fp 

are substituted. 

The sensitivity of simulated flows to the values used for para-

meters APARM and MPARM was studied for the Camp Creek drainage area. 

Table 10 shows the results from using several values of APARM. Overall 

values of APARM equal to 0.15 and MPARM equal to 1.25 matched peaks. 

Little weight, however, should be placed on these values because 

(35) 
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Storm 

Table 10. 	APARM 
Camp 

APARM 

Sensitivity on 
Creek with MPARM = 1.25 

Peak Flow cfs 
Simulated 	Measured 

2/25/61 0.0007 39 4000 
0.007 326 4000 
0.070 2569 4000 
0.150 3830 4000 
0.200 4203 4000 

4/6/64 0.0007 9 1212 
0.007 74 1212 
0.070 632 1212 
0.150 1250 1212 
0.200 1512 1212 

4/27/64 0.0007 11 1488 
0.007 91 1488 
0.070 761 1488 
0.150 1556 1488 
0.200 1927 1488 

7/12/64 0.0007 2 463 
0.007 16 463 
0.070 129 463 
0.150 256 463 
0.200 334 463 

10/16/64 0.0007 4 548 
0.007 32 548 
0.070 262 548 
0.150 517 548 
0.200 633 548 
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storage in small reservoirs and behind roadways were not considered 

and the same values were used for all reaches. Reaches in the lower 

portion of Camp Creek are flat and swampy while the upper tributaries 

have steeper channels. 

The kinematic channel routing model was also verified on the 

Clairmont Watershed, a 10.8-acre residential watershed. The watershed 

is located in the vicinity of Clairmont Road and Black Fox Drive 

(Figure 16). Runoff collects in a wooded ravine about 15 feet deep 

and eventually discharges into the North Fork of Peachtree Creek. The 

watershed area contains all or part of 19 residential lots and is approxi-

mately equally divided among impervious, lawn, and wooded areas. 

Most of the area drains into gutters along one of the streets 

and thence into the ravine at the nearest drainage inlet. Approximately 

three quarters of the impervious area drains directly into a gutter 

while the remaining quarter (mostly roofs) drains onto lawns or wooded 

areas. The flow at the gage rises rapidly to a peak within about 15 

minutes after a heavy rain and becomes dry again within a few hours 

after a storm ends. Because of the relatively large impervious area, 

runoff occurs during all but the very lightest rain. 

Precipitation and streamflow have been recorded since July, 1971. 

Both a recording and a storage precipitation gage are located just 

outside the watershed near the downstream end. Streamflow is measured 

by a sharp crested rectangular weir 3-feet wide and 2-feet deep. Heads 

greater than 2 feet cause water to flow over the sidewalls. A stage 

recorder is used for continuous measurements of head and is located 

about three feet upstream from the crest. The weir capacity is 31.1 

cfs, and two storms have been large enough to cause some overtopping 

of the sidewalls. The flood of record is approximately 32.5 cfs. 

Several storms were selected for calibration of the infiltration 
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Figure 16. Gaomentry of Clairmont Watershed 
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parameters for the Clairmont watershed and verification of the timing 

of the runoff. Infiltration parameters RTIOL and ERAIN were given 

values of 3.0 and 0.7, respectively, based on application of the HEC-1 

program to other watersheds in the Atlanta area. The other two para-

meters, DLTKR and STRKR, were determined by trial and error for each 

storm. With the computed rainfall excess adjusted with DLTKR and STRKR 

to match the measured rainfall excess, the computed peak flows for the 

three largest events were within 8 percent of the measured peak flows 

(Figure 17-19). This agreement in peak flows was accomplished by 

dividing the Clairmont watershed into 30 source areas and 11 channel 

reaches. Characteristics of the channels and source areas were measured 

on the watershed and no other parameters except DLTKR and STRKR required 

calibration. 

One problem with this verification of the model on the Clairmont 

Watershed was the accuracy of the data used for comparison. The 

finest time increment in which rainfall and runoff amounts could be 

read from the recorders was 5 minutes. Consequently, hydrograph shapes 

were not as easily verified as were the peak flows. Comparison of the 

timing of runoff with respect to streamflow was made more difficult 

because spring and pendulum clocks cannot be synchronized within 

one minute. Even without considering the data problems, the model 

simulates the storm hydrograph quite well. 

Routing Through Storage Segments  

The procedure used for routing streamflows through storage 

requires application of the continuity equation 

I
1 
+ I

2 	
01 + 0 2 	

S
2 - S

1    (36) 
- 	 - 

2 	 2 	 At 

in which I is inflow, 0 is outflow, and S is storage. The subscripts 
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refer to time one and two and the difference in the two times is At. 

In Equation 36 the unknowns are 0
2 

and S
2. 

The additional equation 

needed for a solution is a relation between outflow and storage and 

can be developed from analysis of the hydraulics of the geoietry of 

the outflow section. 

A trial-and-error procedure is used in the model for the 

simultaneous solution of the two equations. First, 0 2  is assumed 

to be 0.0 and S
2 
calculated. Then with the value for S

2 
 and the 

storage-discharge relation, 0 2  is estimated. These values establish 

the bounds, and by trial and error the set of values for 0
2 
and S

2 
that 

satisfy both equations are found. 

One minor difficulty was encountered in routing flows through 

the storage behind roadways when a large drop in the water level can 

occur during the time step At. With inflow zero, 

At 
S 2  = S 1  - 	(01  + 02 ) 	  (37) 

Cases occur when the storage at the start of the time sten, S
1, 

is 

less than At(0 1 /2) with 0 2  equal to zero. Instead of forcing S 1  to 

zero, continuity was "preserved" and a small negative storage can 

occur at the tail of the hydrograph. This should have no effect on 

the flood peak. 

The storage-discharge relation used by the model in routing is 

an array of 20 points. The values 1) can be input to the model or 

2) a physical description of the storage and outlet works can be 

input and the model will calculate the 20 points needed for the 

storage-discharge relation. 

Storage volumes or surface areas at selected elevations may be 

given. If surface areas are given, volumes will be calculated by 
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the following equations: 

V1  = 0.0 	  (38) 

V
2 
= 0.5 (E

2 
- E

1
) (A

1 
+ A

2
) 	  (39) 

	

V. . = 0.1667 (E.- E. )(A
i 
 + 

4Ai-1 
 + A

. 
) + V .   (40) 

1 	1 -2  

where: 

V = volume in cubic feet or acre-feet 

E = elevation in feet 

A = surface area in square feet or acres 

Flows through four types of outlet works have been coded into 

the model, trapezoidal broad-crested weir, circular or elliptical 

pipes, box culverts, or drop inlets. The equation for a trapezoidal 

broad-crested weir is 

Q = 4.8 H1-5 (0.67 W + 0.533 H Tan(0.01744 0)) 	 (41) 

where: 

Q = discharge in cubic feet per second 

H = head on weir in feet 

W = width at the base in feet 

= angle from the vertical in degrees 

The angle must be equal to or less than 90 degrees. The trapezoidal 

weir can be used for roadways or emergency spillways. A triangular 

weir may used by setting W equal to zero and a rectangular weir by 

setting 6 equal to zero. 

The equation for circular and elliptical pipes with inlet control 

is 
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1 
Q = C 3.14

4
- D

v
D
h
(64.4 H)

0.5 
	  (42) 

for H > D
v 

Q = C 3.14-1-D 
v
D
HD 

 0-1) 
v 
 (64.4 H) 0.5 	   (43) 

4  

for H < D
v 

where, 

D
v 

= vertical diameter of pipe in feet, 

D
h = horizontal diameter of pipe in feet, 

H = head above invert at inlet in feet, 

C = loss coefficient. 

The equation for C was taken from the US Geological Survey publication 

on culvert ratings(Bodhaine, 1968) and is 

C = 0.5 	 H/D
v < 1.5 	

 (44) 

C = 2.75+0.15H/D
v 	

1.5 < HIDv < 2.0 	
 (45) 

C = 0.49+0.04H/Dv 	 2.0 < HIDv < 4.0 	  (46) 

C = 0.61+0.01H/Dv 	
4.0 < H/Dv < 14.0 	  (47) 

C = 0.75 	 HID
v 

> 14.0 	  (48) 

The equation for a box culvert is 

Q = C DvDh (64.4 H)0.5 	  (49) 

where, 

Dv is the height in feet, 

Dh 
is the width in feet, 

and Q, C and H are defined above. 

The equation for a drop inlet is 
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5 
Q = C 3.14 D H 1. 	  (50) 

where, 

D = diameter of the pipe in feet, 

C = loss coefficient, 

H = water surface height above pipe inlet in feet. 

The loss coefficient is a function of the ratio of H to D and values 

are interpolated from the Table 11. 

UROS4 is coded to accept any number of any of the outlets 

discussed above. Each outlet can be at any elevation. The outlets 

act in parallel and not in series. Thus, a situation with a V-notched 

weir followed by a closed conduit could not be simulated if the control 

changed from one to the other for increasing water elevations. One 

of the two must be selected or a storage-discharge relation provided 

instead of the physical dimensions of the outlet. 

Creation of Runoff Files  

Introduction. A widespread procedure for estimating flood fre-

quency in urban watersheds is to calculate flood peaks with the 

rational formula or related equations for storms of selected rainfall 

frequency. With this method, however, a major problem exists in 

estimating appropriate values for the parameters indexing infiltration 

or retention of precipitation in the watershed during and immediately 

following the storm. On any given watershed, the values of these 

parameters vary widely over time because infiltration rates and 

infiltration capacity change continually with the soil moisture con-

tent. Only in the special case of the completely impervious watershed 
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Table 11 .Loss Coefficient for Drop Inlet 

H/D loss coefficient* 

0.1 4.2 

0.2 3.89 

0.3 3.57 

0.4 3.10 

0.5 2.46 

0.6 2.02 

0.7 1.71 

0.8 1.47 

0.9 1.28 

1.0 1.14 

1.1 1.02 

1.2 1.0 

>1.2 1.0 

*From Design of Small Dams, Bureau of Reclamation.  
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arc these parameters not critical. 

One approach would be to begin with the storms of selected 

precipitation frequency, analyze the probabilities of various com-

binations of precipitation and antecedent moisture, and select appro-

priate parameter values from the results. The difficulty is that there 

are so many patterns in the sequences of meteorological events and com-

binations of channel and land-use characteristics that the joint pro-

bability of various combinations of events is very difficult to establish. 

A thorough study with this approach has never been successfully performed. 

The approach used in this study was to use a watershed model to 

continuously simulate antecedent moisture and runoff volumes from a 

long historic record of precipitation. From that simulation, runoff 

from major storms was saved for use in UROS4. Creation of such storm 

runoff files meant that all the combinations of influences that actually 

occurred during the period of record would be directly incorporated in 

the runoff information. Subsequent use of the resulting runoff files 

implicitly accounts for the critical combinations of antecedent moisture 

and storm intensity for any drainage area without explicit analysis of 

joint probability. 

Continuous simulation of storm runoff, however, is not a simple 

process. The long term meteorological record had to be obtained and 

prepared in suitable form. The watershed model had to be calibrated. 

A great deal of expertise in model application and much computer time 

were required. The steps in the process are shown in Figure 1 and 

discussed in the sections that follow. 

Selection of a Watershed Model 

Simulation of streamflow from a watershed over long periods of 

time with short time steps has a relatively recent history. The 
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first major effort was completed by Crawford and Linsley in 1962 

with the Stanford 'watershed 	Since that time Crawford has 

continually made improvements while othershave made modifications 

to the Stanford Model or created new models. In a study by Lumb (1975), 

a quantitative comparison was made with five watershed models on 

three watersheds in Georgia. For the Piedmont region, the versions 

of the Stanford Watershed Model responded the best. Of these, 

the one which closely resembles that published by Crawford and 

Linsley in 1966, Stanford Watershed Model IV, was selected for use 

in creating the runoff file because the simulated streamflow hydro-

graphs most closely matched the measured hydrographs and it had 

the least number of parameters which needed calibration. Also, 

it was part of the Georgia Tech Watershed Simulation Model (Lumb, 

1975) which has the greatest capability for data management, parameter 

optimization, and program printout and plotting. 

Continuous streamflow simulation requires 1) a continuous record 

of precipitation-usually hourly increments, 2) a continuous record 

of pan evaporation or sufficient meterological data to determine 

potential evapotranspiration-usually daily values, and 3) parameters 

characterizing the selected drainage basin. With this information, the 

watershed model maintains a budget of the movement of the water 

through the hydrologic cycle to streamflow, evaporation, transpirs-

tion or deep seepage to groundwater aquifers. The budgeting includes 

water intercepted by the vegetation, ponded at the land surface, 

percolated through or held by the soil, and water drained from the 

land and through the stream channel system. A schematic of the process 

as coded in the Stanford Watershed Model is given in Figure 20. The 

parameters in the Stanford Watershed Model are EPXM to reflect the amount 
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of water intercepted by vegetation, A to reflect the amount of rain fall-

ing on impervious surfaces and draining directly to the channel system, 

UZSN to reflect the amount of water ponded on the surface or absorbed 

immediately by the forest litter and upper inch of soil, LZSN to reflect 

the capacity of the watershed to store water in the soil, CB to reflect 

the ease with which water drains into the soil, K3 to reflect the rate 

vegetation transpires water to the atmosphere, and SRC, CC, IRC and KK24 

to reflect rates that overland flow, interflow the baseflow drain from 

the watershed to the channel system. Each of these parameters is listed 

on Figure 20. 

Details of the mathematics and logic of the Stanford Watershed 

Model and similar models, and streamflow simulation philosophy and 

purpose can be found in other reports. Though there are many pub-

lications on the subject, the following are recommended. For a 

good overview of watershed models, parameter estimation, and applica-

tions read: 

L.D. James (1972), "Hydrologic Modeling, Parameter Estimation, 

and Watershed Characteristics", Journal of Hydrology, Volume 

17, pp. 283-307. 

For a detailed description of the Stanford Watershed Model, parameter 

estimation, and additional applications read: 

Norman H. Crawford and Ray K. Linsley (1966), "Digital Simulation 

in Hydrology: Stanford Watershed Model IV", Technical Report 

No. 39, Dept. of Civil Engineering, Stanford University. 

or 

Hydrocomp International, Inc. (1972), "Hydrocomp Simulation 

Programming Operations Manual", Palo Alto, California. 
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For a detailed description of the use of the version of the Stanford 

Watershed Model in the Georgia Tech Watershed Simulation Program, 

parameter optimization, and other applications read: 

Alan M. Lumb, et al. (1975), "GTWS: Georgia Tech Watershed 

Simulation Model", Environmental Resources Center Report 

No. ERC-0175, Georgia Institute of Technology, Atlanta, Georgia. 

For a quantitative comparison of five watershed models on drainage areas 

in Georgia read: 

Alan M. Lumb and Timothy D. Hassett (1975), "Comparison of Georgia 

Tech, Kansas, Kentucky, Stanford and TVA Watershed Models in 

Georgia", Environmental Resources Center Report No. ERC-0275, 

Georgia Institute of Technology, Atlanta, Georgia. 

Parameter Calibration  

Three time series of data are required for calibration of a watershed 

model; streamflow, hourly rainfall, and pan evaporation. Locations of 

streamflow and precipitation data in the general area of DeKalb County are 

shown on Figure 21. From this information, four watersheds were selected: 

1) Camp Creek near Fayetteville, U.S. Geological Survey Gaging Station No. 

2-3443, 2) North Fork Camp Creek, Station No. 2-3371, 3) a tributary to 

South Utoy Creek, Station No. 2-3367, and 4) South River at East Point, 

Station No. 2-2036. Each of the gaging stations are near the Atlanta 

Airport where a National Weather Service first order station is 

located. This station has a continuous recording raingage and also 

measures wind speed, humidity, solar radiation and temperature. No 

streamflow data were available for streams in DeKalb County having a period 

of record as long as two years, the minimum required for calibration. 

Four stream gaging stations with sufficiently long records 

existed in Gwinnett County. These watersheds, however, are rural, 
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do not have good rainfall data, and are of the same general soils 

as the four watersheds around the Atlanta Airport. Thus, the informa-

tion gained from calibration of these watersheds would not justify 

the added expense. 

The data files established for the calibration process are 

listed in Table 12. The values for daily potential evapotrans-

piration were computed from daily data on wind speed, temperature, 

humidity, and solar radiation. All were measured directly or deter-

mined for the National Weather Service first order station at the 

Atlanta Airport. 

Calibration is a process of adjusting the values of the para-

meters in the model to represent the characteristics of the local 

watershed and thus best match the computed streamflow with the mea-

sured streamflow. Calibration can be done with a series of trials 

followed by checks and adjustments based on the judgment of the modeller 

or with a computerized parameter optimization routine. Both methods 

were used for the calibration of the Stanford Watershed Model para-

meters for the four watersheds. Initial calibration was conducted as 

a class project and graduate student research. Parameters from these 

efforts were refined with computerized optimization runs for each 

watershed. From these results, the less sensitive parameters were 

averaged over all years and all watersheds and these average values 

were then used for further calibration of the more significant 

parameters. The less sensitive parameters and the average values 

are: 

EPXM = 0.05 	IRC = 0.025 

SRC = 0.8 	KK24 = 0.995 

CC 	= 0.75 	K3 	= 0.05 
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Table 12. Data Base for Watershed Model Calibration 

Data Type  

Hourly Precipitation 
(Atlanta AP) 

Calculated Potential 
Evapotranspiration 
(Atlanta AP) 

Daily Streamflow 
(Camp Creek) 

Daily Streamflow 
(North Fork Camp 
Creek) 

Daily Streamflow 
(tributary to 
South Utoy Creek) 

Source 

National 
Weather 
Service 

U .S. 
Geological 
Survey 

U.S. 
Geological 
Survey 

U.S. 
Geological 
Survey 

Gage No. 

0451 

Period of Record 

Oct. 1, 1960-
Sept. 30, 1968 

Oct. 1, 1960-
Sept. 30, 1968 

2-3443 
	

Oct. 1, 1960- 
Sept. 30, 1968 

2-3371 
	

Oct. 1, 1963- 
Sept. 30, 1968 

2-3367 
	

Oct. 1, 1963- 
Sept. 30, 1968 

National 	0451 
Weather 
Service 

Daily Streamflow 
	

U.S. 	 2-2036 
	

Oct. 1, 1963- 
(South River) 
	

Geological 
	

Sept. 30, 1968 
Survey 
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Four of the more sensitive parameters, A, UZSN, LZSN and CB required 

additional study. These four parameters were optimized for each of 

several years on each watershed, and the estimates of UZSN and LZSN were 

averaged. Next, CB and A were optimized for each year, and the 

results were averaged as shown on Table 13. It was extremely en-

couraging to see the model indirectly estimate fractions of imper-

vious area from rainfall data from a gage outside the watershed and 

from streamflow records which were only rated fair. These indirect 

estimates are about as accurate as could be measured from aerial 

photographs. This is very strong substantiation that the model is 

properly indicating the increase in the volume of runoff from urban 

development. 

The values of CB for the South River on Table 13 were high because 

diversions into that watershed made the baseflow higher than normal. 

To compensate, the computerized optimization increased the value of 

CB to simulate more baseflow. Differences in CB among the other watersheds 

were not judged to be significant. Thus, the value for the South River 

was excluded and CB was averaged over the other watersheds. 

The entire set of values was checked with a final calibration 

involving trial runs on all watersheds with several values of UZSN 

and LZSN. For these trial runs, the ratio found for UZSN to LZSN was 

held constant. The final values for the three parameters are 

UZSN = 0.6 

LZSN = 6.0 

CB = 0.16 

These values were used together with the six values for the less 

sensitive parameters tabulated above to simulate flows based on 

the soils in DeKalb County as described below. In developing the 
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Table  13. Parameter Values  

Watershed 	 Water Year 	 A 	 CB 

South River 
@ East Point 

1964 
1965 
1966 
1967 
1968  

.267 
297 
.239 
.267 
.245 

.217 

.377 

.331 

.490 

.266  

    

Average 	 .263 	.336 

North Fork 
	

1964 	 .112 	.152 
Camp Creek 
	

1965 	 .158 	.173 
1966 	 .171 	.216 
1967 	 .136 	.124 
1968 	 .170 	.113  

Average 	 .149 	.156 

South Utoy 
	

1964 	 .108 	.173 
1965 	 .156 	.173 
1966 	 .138 	.140 
1967 	 .119 	.115 
1968 	 .089 	.124  

Average 	 .122 	.145 

Camp Creek 1961 
1962 
1963 
1968  

.039 

.012 

.017 

.040  

.154 

.195 

.179 

.171  

 

Average .027 .175 
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runoff file, A was set to zero for simulating runoff from a given soil 

and set to unity for impervious area. 

Soils Data and Parameter Values  

The next step was an analysis of the soils data for DeKalb 

County 1) to see how well the range in soil conditions found in the 

calibrated watersheds represent the soil conditions found in the 

county and 2) to estimate parameter values for soils for which no 

data were available for direct calibration. The only two parameters 

for which a close enough relationship with soil characteristics has 

been established for this task are CB with permeability and LZSN 

with moisture storage capacity(James, 1972). 

Analyzing and mapping and soils data in DeKalb County is currently 

underway by the Soil Conservation Service. Preliminary data and a 

generalized soils map for the County is available and was used for 

this study. 

The characteristic of the soil that enables it to transmit water 

is called permeability. The seven classes of soil permeability used 

by the Soil Conservation Service are listed in Table 14. Another 

method of classification is into the four hydrologic soil groups that 

the Soil Conservation Service uses to indicate runoff potential. These 

are listed in Table 15. Twenty-one soils found in DeKalb County are 

listed in Table 16 with their average permeability, available water 

capacity, and hydrologic soil group. The available water capacity is 

the volume of water that can be stored in the hydrologically active 

upper soil profile. 

These 21 soils are grouped into 18 soil associations and three 

other catagories listed in Table 17. Table 18 lists the weighted 

permeabilities and hydrologic group for each soil association, and 
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Table 14. Classes of Soil Permeability 

Numerical Range 	Average Rate 
Permeability class 
	

(inches per hour) 	(inches per hour)  

Very slow 	 Less than 0.06 

Slow 	 0.06 - 0.2 	 0.13 

Moderately slow 	0.2 - 0.6 	 0.40 

Moderate 	 0.6 - 2.0 	 1.30 

Moderately rapid 	2.0 - 6.0 	 4.00 

Rapid 	 6.0 -20.0 	 13.00 

Very rapid 	 More than 20 	 - 
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Table 15. Hydrologic Soil Group  

Hydrologic Soil Group 	 Description 

A 
	

Soil with lowest runoff 
potential. Deep sands 
with very little silt 
and clay. 

B 	 Mostly sandy soils less 
deep than A. 

C 	 Shallow soils and soils 
containing considerable 
clay. 

D 
	

Soil with highest run- 
off potential. Clay 
soils and shallow soils 
with impermeable sub-
horizons. 
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Table 16. 	Soils in DeKalb County 

Permeability 	 Available Water Hydrologic 
Soil (inches/hour) Capacity (inches) Soil Group 

Alluvial 4.0 5.85 B 

Altavista 2.0 8.13 C 

Appling 1.8 7.24 B 

Cecil 1.8 8.06 B 

Chewaela 1.3 8.20 C 

Congaree 1.9 7.64 B 

Davidson 1.8 5.20 B 

Gwinnett 1.3 7.90 B 

Iredell 0.2 4.20 D 

Linker 2.2 4.68 B 

Louisa 2.2 2.64 B 

Louisburg 13.0 3.16 B 

Madison 1.3 5.10 B 

Mecklenburg 0.2 5.18 C 

Musella 2.2 4.05 B 

Pacolet 1.8 6.25 B 

Red Bay 1.3 6.49 B 

Wedowee 2.2 5.66 B 

Wehadkee 1.8 4.44 D 

Wickham 1.8 6.83 B 

Wilkes 0.6 3.41 C 
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TABLE 17• SOIL ASSOCIATIONS 

SOIL # 	 SOIL ASSOCIATION SOIL # 	 % COMPONENTS 

1st 	2nd 3rd 

1 ALLUVIAL LAND -CHEWACLA-WEHADKEE 1 60 20 10 

1A CONGAREE-CHEWACLA-WEHADKEE 1A 50 20 15 

2 WILKES -IREDELL-MECKLENBURG 2 50 20 20 

3 MAD ISON-LOUI SA-PACOLET 3 45 25 15 

4 APPL ING-CEC IL-MAD I SON 4 45 30 10 

5 MADISON -PACOLET-MUSELLA 5 40 25 20 

6 GWINNETT-DAVIDSON-MUSELLA 6 45 25 15 

7 GWINNETT-DAVIDSON -MUSELLA 7 45 25 15 

8 LOUISBURG-WEDOWEE-PACOLET 8 40 30 20 

9 APPLING-LOUISBURG-PACOLET 9 50 25 15 

10 MAD I SON-PACOLET-GWINNETT 10 40 30 20 

11 LINKER-LOUISBURG-MISELLA 11 60 15 10 

12 PACOLET-GWINNETT-LOUI S BURG 12 40 35 10 

13 W I CKHAM-ALTAVI S TA-RED -BAY 13 65 20 10 

14 APPLING-PACOLET-LOUISBURG 14 60 20 10 

15 WILKES -GWINNETT-MUSELLA 15 50 30 10 

16 APPLING-PACOLET-GWINNETT 16 40 35 10 

17 LOU ISBURG-PACOLET-SEDOWEE 17 37 35 21 

18 ROCK OUTCROP 18 - - - 

19 MADE LAND 19 - - - 

20 UNCLASSIFIED 20 - - - 



SOIL 

TABLE ]8. 	PERMEABILITY AND HYDROLOGIC GROUP OF 

# 	 SOIL ASSOCIATION 	% SLOPE 

THE SOIL ASSOCIATIONS 

PERMEABILITY 	HYDROLOGIC GROUP 

1st 2nd 3rd wt ave 1st 2nd 3rd wt ave 

1 ALLUVIAL LAND-CHEWACLA-WEHADKEE 	0-2 MR M M 3.16 B C D B 

lA CONGAREE-CHEWACLA-WEHADKEE 0-2 M M M 1.74 B C D B 

2 WILKES-IREDELL-MECKLENBURG 2-10 MS S 	S 	.42 C D C C 

3 MADISON-LOUISA-PACOLET 10-45 M MR M 1.65 B B B B 

4 APPLING-CECIL-MADISON 2-10 M M M 1.74 B B B B 

5 MADISON-PACOLET-GWINNETT 2-10 M M M 1.45 B B B B 
...1 -.4 6 GWINNETT-PACOLET-MUSELLA 10-45 M M MR 1.61 B B B B 

7 GWINNETT-DAVIDSON-MUSELLA 2-10 M M MR 1.61 B B B B 

8 LOUISBURG-WEDOWEE-PACOLET 10-45 R M M 6.91 B B B B 

9 APPLING-LOUISBURG-PACOLET 2-10 M R M 4.91 B B B B 

10 MADISON-PACOLET-GWINNETT 10-25 m M M 1.47 B B B B 

11 LINKER-LOUISBURG-MUSELLA 10-60 MR R MR 4.11 B B B B 

12 PACOLET-GWINNETT-LOUISBURG 10-45 M M R 2.91 B B B B 

13 WICKHAM-ALTAVISTA-RED BAY 2-10 M M M 1.79 B C B B 

14 APPLING-PACOLET-LOUISBURG 2-10 M M R 3.04 B B B B 

15 WILKES-GWINNETT-MUSELLA 10-45 MS M MR 1.01 C B B C 

16 APPLING-PACOLET-GWINNETT 2-10 M M M 1.84 B B B B 

17 LOUISBURG-PACCLET-WEDOWEE 10-45 R M M 6.35 B B B B 

18 ROCK OUTCROP NOT GIVEN VS 0.0 D D 

19 MADE LAND NOT GIVEN 

20 UNCLASSIFIED 



Table 19 lists the available water capacities. From the permeability 

information on Table 18, the soil associations were placed in one of 

four permeability catagories as indicated in Table 20. Category 18 

(rock outcrop) is treated the same as man-made impervious surfaces. 

To determine the variability of basin average permeability 

(related to CB) and available soil water capacity (related to LZSN) 

for drainage areas in DeKalb County, values were estimated from the 

soils data for 1) the drainage areas above the recently installed U.S. 

Geological Survey gages in DeKalb County and 2) a tributary to South 

Utoy Creek and North Fork Camp Creek in Fulton County. A map showing 

the location of each gage by number is given in Figure 22. Table 21 

lists the values for permeability and available water capacity. 

Values for South River could not be calculated because the soils 

were not classified on the soils maps. The range in the calculated 

basin average permeabilities was quite small, and the watersheds used 

for model calibration encompass that range. Since the extremes in the 

permeability range are from the two calibrated watersheds in Fulton 

County and the calibration established the same parameter estimates 

for the two, the calibrated values for the watershed model parameters 

were judged as also valid for the gaged watersheds in DeKalb County. 

The available water capacities vary over an even smaller range adding 

validity to the extension of the values to DeKalb County. 

The next step was to attempt to estimate watershed model parameters 

for soils not represented by the calibrated watersheds. Since the soils 

in the calibrated watershed represent 90 per cent of DeKalb County in 

having moderate to moderately rapid permeabilities and in having similar 

moisture storage capacities, the calibrated values for the parameters 

can be used directly for most County soils. For the small number of 

soils with substantially different characteristics in the southwest and 
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SOIL# 

TABLE 19. 	AVAILABLE WATER CAPACI1 

SOIL ASSOCIATION CAPACITY 

Weighted Average rd 

1 ALLUVIAL LAND-CHEWACLA-WEHDKEE .66 6.36 

1A CONGAREE-CHEWACLA-WEHADKEE ,66 7.42 

2 WILKES-IREDELL-MECKLENBURG ,18 3.98 

3 MADISON-LOUISA-PACOLET 25 4.58 

4 APPLING-CECIL-MADISON 10 7.28 

5 MADISON-PACOLET-GWINNETT 90 6.09 

6 GWINNETT-PACOLET•MUSELLA 05 6.74 

---1 
v;) 

7 GWINNETT--DAVIDSON-MUSELLA 05 6.42 

8 LOUISBURG-WEDOWEE-PACOLET 25 6.68 

9 APPLING-LOUISBURG-PACOLET __25 5.94 

10 MADISON-PACOLET-GWINNETT 5.10 6.25 7.90 6.11 

11 LINKER-LOUISBURG-MUSELLA 4.68 3.16 4.05 4.34 

12 PACOLET-GWINNETT-LOUISBURG 6.25 7.90 3.16 6.56 

13 WICKHAM-ALTAVISTA-RED BAY 6.83 8.13 6.49 7.06 

14 APPLING-PACOLET-LOUISBURG 7.24 6.25 3.16 6.57 

15 WILKES-GWINNETT-MUSELLA 3.41 7.90 4.05 4.98 

16 APPLING-PACOLET-GWINNETT 7.24 6.25 7.90 6.91 

17 LOUISBURG-PACOLET-WEDOWEE 3.16 6.25 5.66 4.89 

18 ROCK OUTCROP 

19 MADE LAND 

20 UNCLASSIFIED 



Table 20. Four Soil Permeability Categories 

Category 	Permeability 	 Soil Associations  

1 	Rapid (R) 	 8,17 

2 	Moderate (M) to 	 1A, 3, 4, 5, 6, 7, 10„3„5, 16 
Moderately Rapid (MR) 	1, 9, 11, 12, 14 

3 	Moderately Slow (MS) 	2 

4 	Very Slow (VS) and 	 18 
Impermeable 
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TABLE 21. Permeability and Available 

Water Capacity for Selected Drainage Areas 

DRAINAGE AREA* 
SITE NUMBER 

PERMEABILITY 
(inches/hour) 

AVAILABLE WATER 
Capacity 	(inches) 

1 1.61 6.12 

7 2.01 6.24 

8 2.12 6.27 

9 1.83 6.19 

12 1.72 6.14 

16 1.69 6.14 

21 2.31 6.34 

26 1.82 6.16 

27 1.61 5.99 

29 2.09 6.30 

32 2.21 6.31 

57 1.70 6.14 

2-3371 2.37 6.36 

2-3367 1.53 6.11 

*Maps on Figures 21 and 22 show locations. 
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eastern portions of the county, adjustments to parameters CB, LZSN and 

UZSN were needed. The adjustments were made by multiplying CB by ratios 

of the soil permeabilities and LZSN by the ratio of available water capacities 

for both soil categories. UZSN was maintained as one tenth of LZSN. 

The result is shown in Table 22. 

Precipitation Data Analysis. The next step as shown on Figure 1 

was the development of a file of 72 years of hourly precipitation data 

needed for the watershed model to create the runoff files. Atlanta 

rainfall data are available in three forms: 1) 5-minute values of rain-

fall for the largest storms each year for 72 years are on a magnetic 

tape created by the U.S. Geological Survey, 2) hourly values of rain-

fall for 20 years are on data cards from the National Weather Record 

Center in Asheville, North Carolina, and 3) daily values of rainfall 

for the 72-year period from 1898 to 1970 are on magnetic tape created 

by the U.S. Geological Survey. In all cases the data were measured 

at the first order weather station in Atlanta. 

Simulation with the watershed model can use either hourly or 

5-minute data. When 5-minute data is not available, the watershed 

model divides the hourly values into twelve equal parts for each 5-

minute time step used in simulation. This division reduces simulated 

peaks from small watersheds but has little effect on the simulated 

antecedent moisture needed for events simulated with 5-minute rainfall. 

Division of daily precipitation into 24 equal hourly amounts does, however, 

cause significant upward bias in antecedent moisture estimates. The 

resulting long duration, low intensity rainfall generates too much 

infiltration and too high a soil moisture whereas the actual unevenly 

distributed rain results in more runoff and less soil moisture. Thus, 

a statistical analysis was made on the available 20 years of hourly 
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TABLE 22. Final Parameter Values 

Soils of Moderately 
	

Soils of Moderate to Mod- 	Soils of Rapid 
Parameter 	Slow Permeabilities 	erately Rapid Permeability 	Permeability  

UZSN 	 0.4 	 0.6 	 0.5 

LZSN 	 4.0 	 6.0 	 5.0 

co 	CB 	 0.05 	 0.16 	 0.48 .p- 

EPXM 	 0.05 	 0.05 	 0.05 

CC 	 0.75 	 0.75 	 0.75 

SRC 	 0.8 	 0.8 	 0.8 

IRC 	 0.025 	 0.025 	 0.025 

KK24 	 0.995 	 0.995 	 0.995 

K3 	 0.05 	 0.05 	 0.05 



data to determine how best to divide daily rainfall for the entire 

72 years into hourly amounts. The following information was tablulated 

from the 20 years of hourly rainfall data for each month of the year 

and for five ranges of daily rainfall: 

1) total number of rainfall days, 

2) number of hours with rain for each rainfall day, and 

3) average ratio of 2nd, 3rd, 4th etc. highest to the highest 

hourly amount for each duration. 

The five ranges selected were 0.01 to 0.25 inches, 0.26 to 0.50 inches, 

0.51 to 1.00 inches, 1.01 to 2.00 inches and greater than 2.00 inches. 

The tabulated statistics on duration of storms and distribution of amount 

were stored on a file to be used to synthesize hourly rainfall from 

the 72 years of daily values, as follows: 

1) Given the month and a daily rainfall amount, determine the range 

and locate the appropriate file for the probability histogram 

of rainfall duration. 

2) With a random number and a probability histogram select a 

rainfall duration and use the associated average distribution 

of hourly values. 

3) With the duration and distribution of hourly values, divide 

the daily rainfall into hourly values and order those hours 

in the predetermined pattern (Table 23). 

Generation of hourly values from daily values was tested by com-

parison with the 20-year period for which the actual hourly values 

were available. 	Following the synthesis of a 20-year hourly precipitation 

record, both records were used with the watershed model to simulate 20 years 

of streamflow for a watershed with 0.8 square miles and no impervious 

. area. Table 24 lists the maximum hourly flow for each year from 
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TABLE 23. Hourly Pattern for Distribution of Daily Rainfall 

Storm 
	

Pattern of Ranked Hourly Rainfalls 

Duration 

(hours) (1 represents highest hourly amount) 

1 1 

2 1, 	2 

3 3, 	1, 2 

4 3, 	1, 2, 4 

5 5, 	3, 1, 2, 4 

6 5, 	3, 1, 2, 4, 6 

7-12 7-12, 5, 3, 1, 2, 4, 6 

13-24 7-12, 5, 3, 1, 2, 4, 6, 	13-14 
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Table 24. Annual Maximum Hourly Flow 

for Actual and Synthesized Hourly Rainfall 

Actual Hourly Rainfall 	 Synthesized Hourly Rainfall  

Water 
Year 

Maximum 
Mean Hourly 
Flow 	(cfs) Date 

Maximum 
Mean Hourly 
Flow 	(cfs) Date 

* 

* 

1949 

1950 

1951 

1952 

178 

3 

24 

102 

11-28-48 

7-28-50 

2-20-51 

3-10-52 

178 

3 

22 

121 

11-28-48 

3-13-50 

2-20-51 

3-23-52 

1953 106 3-4-53 * 61 5-6-53 * 

1954 84 1-21-54 92 1-21-54 

1955 73 2-6-55 95 2-6-55 

1956 100 3-16-56 72 3-16-56 

1957 121 4-5-57 119 4-5-57 

1958 82 2-27-58 * 70 2-6-58 

1959 34 3-11-59 * 64 3-11-59 * 

1960 125 4-3-60 141 4-3-60 

1961 335 2-25-61 333 2-25-61 

1962 128 2-22-62 131 2-22-62 

1963 98 3-12-63 * 141 3-12-63 * 

1964 37 1-25-64 * 143 1-24-64 * 

1965 124 1-23-65 126 1-23-65 

1966 134 2-13-66 162 2-13-66 

1967 172 3-10-67 170 3-10-67 

1968 179 12-9-67 * 119 3-12-68 * 

1969 121 5-8-69 132 4-18-69 

mean 117.2 118.9 

* Storms when 5-minute data was not available on file. 
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the two rainfall records. The means of the two data series were 

within 2%. As indicated by the asterisks, about one-third of the 

maximum flows were from storms which were not included on the 5-minute 

data file. To check on the effect of simulating an annual flood series 

without using these storms, another 20-year simulation was run just to 

get flood peaks on all storms with 5-minute data. From this data series 

the maximum mean hourly flows each year were selected and are shown on 

Table 25. All three maximum hourly flow series are plotted on log-

probability paper in Figure 23. The discrepancies are mostly at the 

lower frequencies andtoo small to warrant further adjustment. Thus 1) 

the use of hourly data generated from daily data to simulate antecedent 

moisture conditions was not found to bias the flood peaks simulated from 

storms with 5-minute data, and 2) the exclusion of simulated flood peaks 

from storms for which 5-minute data were not available was also not found 

to cause significant bias in the results. 

Selection of a Representative Period.  From this tested and calibrated 

method for synthesis of hourly rainfall from daily rainfall, a 72-year 

precipitation record was created and stored on file for use by the watershed 

simulation model. While 72 years of precipitation data are now available 

for flow simulation and flood frequency analysis, it would be costly to have 

to simulate such a long record repeatedly. Thus the next step was to deter-

mine if a shorter period could be found that would give approximately equiv-

alent results. The search was for some subset of the total record having a 

mean and variance of the annual flood peaks about the same as those for the 

entire record. 

Because the mean and variance of the annual flood peaks depend 

on watershed characteristics, the search was based on a hypothetical 

watershed fairly typical of those to which the model would be applied 
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Table 25. Annual Maximum Hourly Flow for Actual 

Hourly Rainfall for Days with 5-Minute Data 

Maximum Mean 
Water Year 	 Hourly Flow (cfs) Date 

1949 178 11-28-48 

1950 3 7-28-50 

1951 24 2-20-51 

1952 102 3-10-52 

1953 43 4-12-53 

1954 84 1-21-54 

1955 73 2-6-55 

1956 100 3-16-56 

1957 121 4-5-57 

1958 70 2-6-58 

1959 22 3-5-59 

1960 125 4-3-60 

1961 335 2-5-61 

1962 128 2-22-62 

1963 87 7-24-63 

1964 132 4-6-64 

1965 124 1-23-65 

1966 134 2-13-66 

1967 172 3-10-67 

1968 109 3-12-68 

1969 121 5-8-69 

Mean 108.9 
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in practice. The hypothetical watershed had 1.5 square miles, 25 

percent impervious area, and the optimized parameter values for the 

calibrated watersheds. The 72-year file of precipitation data was 

used to simulate 72 years of annual flood peaks, and the mean and 

standard deviation of this series were calculated. 

In the search for a shorter representative period, the mean 

and standard deviation were also calculated for running periods 

of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, and 65 years 

beginning with every one of the 72 years. When the length of a running 

period exceeded the remaining years in the 72-year record, values at 

the beginning of the period of record were used to complete the required 

number. For example, the 30-year running period beginning in 1953 

included 1953 through 1970 and 1899 through 1910. In a like manner, 

the mean and the standard deviation of the annual series of 72 maximum 

5-minute rainfalls were also calculated to represent impervious conditions. 

The mean and the standard deviations of the flood peaks and the means 

and the standard deviations of the largest 5-minute rainfalls in each 

year were calculated for each running period. The former provides 

results typical of a urban watershed, and the latter provides results 

typical of a small completely impervious area. 

For the 72 running periods of a given length (e.g., 5 years) 

the standard deviations varied between a minimum and a maximum value. 

The ranges for the various lengths of running period are plotted 

on Figures 24 and 25. From these graphs, the range is seen to 

decrease rapidly with the length of the running period until a 25-

year period is reached and then to decrease more slowly as one goes to 

longer periods. Thus 25 years was selected as an appropriate length 

for the representative period. 

91 



St
an

da
rd
 De

v
ia

t
io

n  

3 	
300- 

0 
,--i 
44 

›-.. 
.---1 

1-1 

o 
0 	250 
= 

0 
0 
0 

-r-f 
X 

200 

,--i 
cc) 
0 
0 
0 

-,4 

150 

100- 

50 

0 
0 	 10 	 20 	 30 	 40 	 50 	 60 	 70 

Length of Period (Years) 

Figure 24• Plot of Range of Standard Deviation in Maximum 

Hourly Flow 

92 



St
an

da
rd
 De

v
ia

t
io

n 
 

0 

.10 • 

.05 

Max

imu
m 
 5-

Minu

te 

 Ra
in
fa

ll)  

cC z 

 

.30 ,  

 

.25• 

 

.20. 

 

   

.15• 

0 	 10 	 20 	 30 	 40 50 	 60 	 70 

Length of Period (Years) 

Figure 25. Plot of Range of Standard Deviations in Maximum 

5-Minute Rainfall 

9 3 



The next step was to find the specific 25 years that best represent 

the 72-year total period. The period from 1918 through 1942 was selected 

as having a mean and standard deviation closest to those for the entire 

record. Table 26 lists the statistics for the two periods. To find 

a more representative period, many additional years were required. 

The tradeoffs in the period selected were between added accuracy in 

estimation of flow frequency statistics and added computer time and 

cost for simulation. As advances in computer technology reduce costs, 

a longer period could be justified. The values from which the 1918 through 

1942 period was selected are given in Tables 27 through 30. The 72-year 

annual series of hourly flow and 5-minute rain are listed in Table 31. 

Generation of Runoff Files. With the 25-year period from 1918 

through 1942 selected and the parameter sets for the four soil types, 

a simulation run was made with the watershed model to generate 

5-minute runoff values. The 5-minute runoff values for the days that 

5-minute rainfall was available were written on a file for further 

analysis. Each value included all direct runoff plus one-twelfth of the 

interflow and baseflow that were computed for the hour. 

Since the routing model can only route storms for 120 time steps, 

the critical 120-step period for each storm on the runoff file was 

determined. In doing this, 1-minute and 15-minute time steps were 

also considered. One minute runoff values were determined by dividing 

the 5-minute values by 5, and the 15-minute values were estimated by 

adding 3 consecutive 5-minute values. A computer program was written 

to put the 1-, 5-and 15-minute runoff values in the format needed by 

the routing model. The critical period for a given storm was selected 

as the 120-time-step period which had the maximum total runoff. The 

results of the selection were checked with the original runoff file 
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Table 26. 	Statistics for Total Period and Representative Period 

Data Base Period Mean Standard Deviation 

Hourly Flow 1899-1970 248. 130. 

Hourly Flow 1918-1942 249. 122. 

5-Minute Rain 1899-1970 0.37 0.16 

5-Minute Rain 1918-1942 0.40 0.16 



Table 27. Means - Maximum 

Hourly Flows 

Year 	 Number of Years for Statistic 
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Table 28. Standard Deviations - 

Maximum Hourly Flows 

Year 
Began 	5 10 

Number of Years for Statistic 
15 	20 	25 	30 	35 	40 	45 50 55 60 65 

1899 254.92 221048 263.29 250.25 766,11 267,16 254,45 252.46 253 .1 5  259 .32  2 51 . 92  244.91 246 .77  
1 940 229.20 224.45 242.07 242.74 251.50 256 . 99 259.17 750.72 252 .12 2 59 . 85 750 .2 5  281.87 248 .51 
1901 1 94 .22 20 6 .15 257,13 257. 59 2 6 2. 58 261.52 244.94 250.65 25 1 .44 256.09 248 .07  241.62 244 .21 
1902 192.54 155.97 255,26 256.97 261.69 254 .29 244.15 247.39 250 .67  254 .51 244,82 244.97 244 .33 
1903 1 68.44 254 .2 7  255.62 259.41 260.12 252.72 246.76 252.14 252 .51 252.44 744.35 244.85 24 6 .16 
1904 158.84 267.42 248,69 265.91 269.60 254 .84 25 7 .11 252.96 259 .81 251.'8 244.00 245.55 246.39 
1905 219.70 278,50 247,25 269,35 2 74 . 55 253 .99 251010 254.98 262 .37 252.59 743.02 247.41 249.74 
1 906 222.16 208,49  27A,71 280.04 2 74. 98 253 . 4 0 259.71 250.59 262 . 96 2 53 . 45  245 . 93  249.03 2'10.49 
1 907 1 8 5.40 291.12 279,45 275.97 266.64 253 .00 255.23 257.93 260 .84 250.05 p49.74 244.65 250.57 
1908 34 0.10 300.71 299.74 253.04 269. 58 25 9 .82 264 .10 263.01 261.74 251.97 251.90 252.63 253 .07 
1909 34 6.10 278.62 215.60 289.79 268,04  262.66 26 7 .12 268.68 250 .66 24 9 ..2 250 .71 251.18 29 7 .96 
1910 337.30 261,03 295.91 299.26 260. 7 3 259 . 4 A 20.02 267.71 256 .02 245. 	'1 749.93 257.24 292.80 
1911 555.02 309,99 249,34 263.19 259.64 269 .80 263.20 269.06 256 .93 244.31 251.47 251.26 291,41 

1912 346.64 324,47 3 10.17 286.95 266. 5 2 266 .87 265.30 2 70.27 257 .23 256,17 754.40 296.00 253 . 14 
1913 26 1.32 2 64 .56 2 6 4 .02 251. 95 243.76 251.44 252.00 251,99 ^42.18 242.97 74 4 .6 9  245.82 741.95 
1914 211.14 270.35 271.03 242.52 245,97 249.12 257.92 247.73 232 .79 241.17 242.55  245.20 24 1 .15 
0 4 05 1 64 .76 260.21 271,91 241.54 241.92 247.14 207,77 2 4 5.86 235 .13 241.11 244.51 244.8° 21 9 .81 
1 9 16 256.96 271.5U 265,91 235,80 2 4 6, 76 24 8 .60 259.64 244.66 236 .45 241.10  2 44 .0 3  244. 04 210 .62 
1917 253.10 2 66 .81 250,33 213.94 24000 246.27 252.19 239.78 240.54 240.16 243.1 9  242.03 24 9 ,31 
1918 267.80 265.37 248.53 234.37  249. 4 6 250.45 250,65 239,79 740.93 743,12 244,41 240.23 716,94 
1919 329.56 300.97 290.99 204,68 75 5, 52 265 .36 252.96 242.24 244 .51 245..4 748.14 243.65 214 .1 7  
1920 335.66 315,49 260,53 259.70 2 59 . 6 2 269 ,93 254.50 2 4 1.43 24 7 .46 250.49 250.15 243.53 29 0 .46 
1921 264.04 269.39 228.09 243,70 2 4 6. 52 255 .08 242.62 233.64 239 .13 24 2 .'4 745,67 259.10 247 .13 
1922 250.56 240.04  227,55 237.82 245.63 202 .04 23 7 .58 230.97 238 .72 242.20 241,07 23 0 .24 24 5 .79 
1923 262.94 23 9 .34 229,49 244.87 246, 98 247.80 235.79 277.57 240.26 242.r7 737.72 216.42 2 48 .55 
2924 272.38 22 6 .76 22 9 .72 21 7 .00 252. 5 2 240.20 22 9 .77  233.87 236.32 240.17 235,64 231.61 20.14 
1925 295.32 22207 233,05 240.60 2 56. 7 9 241.09 277,17 236.44 24 1 .02 24 1 . 	2 73 5 .1 5  241.90 2 42 .24 
1926 254.74 200,10 210,76 237.14 249.29 215 .72 274.44 235.52 23 7 .93 239 ..3 23 5 .01 244.27 24 1 . 7 2 
1 927 217.32 211.05 273,57 276,89 246.33 210,77 211.03 233.49 21 7 . 9 4 2 3747  7 35 .4 1  243.97 212 .42 
1 928 215.74 213,37 238,95 247. 49 2 44 . 77 211.26 231,95 232.41 219 .75 21 5 .20 254.11 244.19 24 2 , 24 
1 929 181.02 278.39 225,21 242.56 233. 76 22 2 .67 22 5 .37 231.87 236 .59 732 .19 72 7 .93 241.01 2 47 . 46 
1 9 30 1 5 6.62 201.92 222,17 247.15 230.23 21 6 .74 224.01 234.23 235 .89 229 .13 2 39 .8 7  241.06 241.12 
1 9 31 145.46 218.02 231,29 247.93 231. 92 27 1 .72 250,49 2'5.83 237 .95  233.04 243.52 240.63 247.49 
1952 184.78 22 6 .71 243,42 253.58 233,46 215,65 215.90 240.52 239 .26 23 7 .30 746.39 241.76 241.82 

1 9 33 
1934 

211.30 
235.75 

250,41 
2 4 7.31 

252.07 
269,74 

252.02 
246,94 

234,37 
231.00 

236 ,98 
235.27 

240.55 
219 .14 

24 2.75 
243.53 

237 .35 
23 7 .87  

:3:: : 
3 

247.20 
249.01 

24%49 
25 2 . 9 2 

1935 253.22 25 8 .24 279,15 250.13 229. 9 7 240.93 245,18 246.53 257 .56 248.45 24 9 .29  259.05 241.76 
1936 290.58 274.19 242.09 25 3.53 236. 98 244,66 249,74 249.51 242 .27  253 . 1 0 24 9 .29  255.94 227 . 24  
1937 250.62 2 7 2,74 276,52 745,62 24 5. 92 24 4 .10 24 4 ,49 246.07 243.14 252.96 746.39  253.83 257 .72 
1934 209.42 2 72.61 205.20 240.21 2 4 2.14 245.45 247.29 240.65 21 8 .60 2 50 .24  P 51 . 93  253.78 241.96 
1 9 39 250.86 206,73 250.62 229.80 236.37 234 .70 24 4 ,65 230.13 232.27 248 6 73 249.11 251.75 242 .10 
1940 263.26 292.37 249.11 224,15 238,47  245,01 245.58 215.94 24 7 .51 248 . 	9  250,61 251.64 24 2 .96 
1941 257.60 277.94 241.12 273.57 235.47 241.76 243.64 236.79 245 .94 24 5 .16 252 .5 3  254.46 24 2 .91 
1 942 2 7 6.86 200,47 237.96 2 4 0.12 259. 4 4 295 .12 242,95 239.95 250 .77 24 4 .17 252.4 9  256.96 247.05 

1 943 255.40 255,64 223.67 230.27 236,57 240.20 235.63 232.20 245 .84 2 47 .16 250 .5 1  255.96 242,75 
1944 31 4 .60 2 4 6.54 220.12 230. 74 235.22 242.29 219 .17 229.95 24 7 .60 248 . 15  751 .1 5  245.28 243.40 
1945 32 1.52 242 .03 211,12 232,27 241.36 242.63 217.03 2 4 5.54 24 7 .30 24 9 .35 758.55 247.68 744,86 

1 946 29 7.08 232.87 212.17 229. 29 2 38 . 56 241.28 211.71 247.83 24 3 .75 242.33 754.16 249,06 24 7 .17 
1947 224.011 21 8 .51 227.94 230.09 755. 78 257 .18 214.62 247.51 245,54 250.95 794 01 7  245.54 245.13 
1940 251.28 27,7.91 271,99 231.86 2 37 . 1 6 210.00 274.48 244.65 24 6 .24 250.02 750.4 9  241.70 24 5 .46 
1 949 178.56 1 72.09 2 , 2,79 216.19 221.81 221.93 216.71 239.23 240,77 24 4 .75 242.26  237.47 214 . 56 
1950 162.54 155.42 2c2,55 271,51 225. 5 6 21 7 .12 214.49 238.02 241.33 245.49 740.97 214.47 242.42 

1 951 1 67 .86 1 69 .31 2",7,73 223, 72 229. 96 27 3 .11 240.69 276.19 24 7 .27  249 .28 743,53 24 7 .52 24 4 .11 
1952 152.74 159.78 212,08 227. 4 5 22 7 . 8 0 226 .45 242.79 235.09 246 .2 7  251.17 742,03 242.96 244.53 
1953 163.74 21. 6 .90 225.19 233.48 225. 6 3 225 .05 241.62 2 4 5.53 24 9 .81 2 50 .11 740 .77  244.92 245.52 

1954 
1955 
1 9 56 
1952 
1 954 
1 959 
1960 
1 9 61 
1962 
1 9 53 
1964 
1965 
1 966 
1967 
1 9611 
1969 
1970 

167.20 
149.30 
1 7 1. 76 
24 6.62 
250.06 
262.62 
295.74 
283.06 
236.98 
201.78 
256.38 
2 7 7.68 
273.22 
271.56 
258.34 
274.30 
29 9.02 

21 4 .91 
222.52 
226.91 
241.85 
255.92 
254.50 
256.71 
278,14 
255.12 
260.06 
265.34 
263,35 

 264 .07 
251.39 
226.29 
233.42 
208.73 

278,73 
246.91 
242,15 
252.79 
256.73 
2 4,4,43 
274.05 
270.40 
246.48 
2 38.11 
241.07 
231.71 
238,99 
240,82 
224,91 
217,41 
252,52 

240.12 
242.93 
2 4 5.49 
246.50 
2 4 1.10 
246.46 
247.72 
750,01 
239.79 
234.12 
227.15 
258 . 8 1 
265.77 
264.94 
257,83 
262.27 
254.72 

230. 6 1 
229.04 
234.16 
2 4 1.15 
237.31 
234. 2 5 
266.29 
269.23 
259.29 
258.30 
26 1. 09 
2 59 . 1 1 
254. 0 4 
249. 90 
287.76 
260. 4 4 
257,34 

22 3 .02 
24 6 .71 
252,42 
25 2 .19 
256 .93 
261,35 
265 .39 
259,58 
246,87 
258 .41 
259 .76 
260,73 
267 .30 
263 .36 
262.12 
263 .79 
255 .27 

247.90 
249.90 
246,96 
246.01 
297.22 
260,17 
265 .73 
26 9 ,95 
251 .45 
262.07 
267.75 
261.04 
269 .02 
267 .93 
261.07 
25 7 .15 
252.19 

248.55 
2 5 1.17 
757.70 
257.93 
760.57 
262.72 
265.38 
269.90 
264.02 
261.16 
257.05 
255.38 
257.15 
2 5 3.26 
246.62 
242.10 
247.04 

25 7 .10 
252.49 
758 ,89 
262.09 
25 4 .92 
257.67 
259 .56 
260.01 
25 1 .42 
248.30 
249 .02 
250.45 
254.77 
25 3 .26 
251.50 
250,38 
251.80 

24 8 .63 
2 48 . 1 
251.05 
250.94 
248.48 
250. 4 
254 .48 
252 •'0 
251. 0 
252, 	9 
2 50 . 98 
254, 
255.18 
254 .26 
252.13 
253,03 
252.16 

242.22 
245.17 
749,71 
751.15 
252.31 
732,04 
758 .1 5 

 257,71 
752.66 
253,01 
253.14 
754 .48 

 760.59 
260.37 
756.79 
255 .25 

 252.13 

746,97 
249.42 
250.47 
252.16 
252.76 
254.11 
257. 92 
26 2 .45 
254.40 
256.75 
255.98 
254.75 
255.75 
252.22 
248.92 
247.28 
244.77 

24702 
74 9 .96 
285 .40 
2.009 
256 .?3 
2'6.42 
2'7 .45 
255 .00 
251.03 
24 9 .41 
242,44 
24 7 .30 
24 7 .04 
249 .50 
242.41 
747 .13 
245.17 
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Table 29. Means - Maximum 

5-Minute Rainfall 

Year Number of Years for Statistic 

Began 5 10 15 20 25 30 35 40 45 50 55 60 65 
1299 .39 .35 .42 . 4 0 . 4 0 . 4 0 .39 .39 .40 .39 .39  .39 .34 
1900 .40 .41 .41 .35 . 39 . 4 0 .40 .40 .40 .39 .39  .39 .38 
1 901 08 .41 .41 .38 . 39 .39 .40 .40 .39 .34 .39  .34 .14 
1902 .39 .42 .41 . 9 0 . 4 0 .39 .40 .40 .40 .19 .39  .38 .18 
1903 .33 .39 .40 .39 . 39 .36 .39 .40 .39 .39 .39  .34 .17 
1904 .32 .43 .40 . 4 0 . 4 0 .39 .39 .40 .40 .39 .39  .38 .37 
1905 .42 .41 .37 .39 . 4 0 . 4 0 .40 .39 .39 .39 •34  .38 .17 
1 906 .43 .42 .38 .39 .39 . 9 0 .40 .39 .39 .39. .38  .38 .39  
1 907 .45 .4 3  .41 .40 . 4 0 . 9 0 .41 .40 .39 .39 .34  .34 .37 
1 908 .46 .43 .42 .91 .40 .40 .41 .40 .40 .39 .38  .38 .37  
1909 .54 .44 .43 .42 .40 . 4 1 .41 .40 .40 •.10 .39  .38 .37 
1910 .41 .35 .38 .39 . 39 .39 .39 .39 .39 .38 •36 .37 .17 
1911 . 9 1 .35 .37 .38 . 9 0 .39 .14 .34 .39 .34 .39  .36 .37 
1 912 .40 .36 .38 .38 . 39 .40 .39 .38 .39 .38 .37  .36 .37 
1 9 13 .40 .39 .40 .38 . 39 . 4 0 .39 .39 .34 .34 .37 .37 .37 
1914 .34 .37 .38 .37 .38 .39 .39 .39 .34 .34 .36  .36 .16 
1915 .30 .37 .39 .39 .39 .39 .39 .39 .39 .37 .36  .37 .16 
1916 .30 .3 5  .37 . 4 0 .39 .38 .38 .39 •34 .37 •36  .36 .36 
1917 .36 .37 .37 .39 . 4 0 .39 .34 .38 .37 .37 06  .36 .37 
1918 .39 .39 .37 .39 .40 .39 .39 .38 .37 .37 .38  .36 .37 
1919 .41 .40 .38 .39 '4 9 0 .39 .39 .39 .34 .36 .14  .36 .17 
1920 .45 .43 .42 .91 .41 . 9 0 .49 .39 .34 .37 •17  .37 06 
1921 .41 .41 .43 .41 00 .39 .40 .39 .18 .37 .1 7  .36 .16 
1 922 .36 .38 . 4 0 .40 .39 .36 .19 .37 .37 .36 .17  .37 .17 
1923 .40 .37 .39 . 4 0 .39 .39 .34 .37 .36 .36 .36  .37 .17 
1924 .38 .36 .38 .39 . 39 .39 •34 .36 .36 .36 .36  .37 .17 
1925 .42 .41 .40 . 40 •39 •39 .38 .37 .36 .36 .36 .37 .17 
1926 .41 .44 .41 .39 .39 . 4 0 .34 .37 .36 .36 .36 .37 .17 
1927 .38 .41 .41 .39 . 18 .39 .37 .37 .36 .36 .37  .37 .37  
1 928 .33 .38 .40 .39 . 39 .34 .37 .36 .36 .36 •17  .37 .36 
1929 .34 .36 .40 .39 . 39 .36 .37 .35 .35 .36 .37  .37 .37 
1 930 .40 .39 .39 .34 .'9 .17 .37 .35 .36 .36 .16  .37 .17 
1 9 31 .47 .41 .39 .38 .40 .38 .37 .35 .36 .35 .37  .37 .17 
1 932 ..44 .43 .40 .36 . 39 .37 .36 .36 .36 .37  .37  .36 .37  
1933 .43 .43 .41 . 4 0 . 39 .37 .36 .36 .36 .37 .37  .37 .17 
0934 .43 .43 .41 . 4 0 . 39 .36 .36  .36 .36 .37 .37  .37 •17 
1935 .38 .38 .36 .36 .37 .36 .35 .35 .35 .36 .16 .37 .37 
1936 .36 .35 .36 .38 . 36 .35 .34 .34 .34 .36 .16 .36 .37 
1 937 .42 .38 .36 .38 . 36 .35 .35 .35 .36 .36 •36  .37 .17 
1938 193 .40 .39 .36 .'6 .35 .35 .35 .36 .37 .36  .37 .17 
1939 342 .40 .39 .38 .37 .34 .35 .35 .36 .37 .1 7  .37 • 7 
1940 .39 .36 .34 .36 . 36 .34 .35 .35 .36 .36 .36 .37 .17 
1941 1 34 .35 .18 .36 . 35 .33 .34 .34 .36 .36 .36  .37 .36 
1 942 1 34 .33 .37 .34 .34 .33 .34 .35 .36 .35 .39  .37 .37 
1943 1 38 .37 .36 .35 . 3 4 .34 .34 .35 .36 .35 .36  .36 .37 
1944 :O6 .36 .37 .36 .33 .33 .34 .36 .36 .36 .39  .36 .17 
1945 .37 .30 .35 .35 . 33 .34 .34 .35 .36 .36 .37  .36 .17 
1946 .37 .41 .37 .35 .33 .34 .14 .37 .36 .37 .1 7  .37 .17 
1947 .33 .38 .35 .34 . 3 3 .34 .35 .36 .35 .36 .37  .37 .37 
0948 .36 .35 .34 .32 .33 .34 .35 .36 .35 .36 .36  •37  .37 
1949 .49 .36 .35 .32 .33 .34 .35 .36 .36 .36 •36  .37 .31 
1958 .40 .35 .34 .32 .34 .34 .35 .36 .36 .37 .36  .37 .39  
1 951 .44 .36 .35 .32 .34 .33 .36 .36 .37 .37 .37  .37 .37 
1 952 .43 .35  .14 .33 .35 .36 .37 .36 .37 .37 .35 .38 .18 
1953 .34 .33 .31 .32 . 33 .35 .36 .35 .36 .34 .37  .37 .37 

1954 .34 .33 .29 .31 .33 .15 .•5 .36 .36 .36 .19  .37  .17 
1955 .30 .32 .30 .32 . 3 2 .35 .15 .36 .36 .36 .17  .37 .37 
1956 .29 .30 .29 .31 .31 .35 .15 .36 .36 .36 .16  .37 .37 
1957 .28 .30 .30 .33 . 14  .15 .35 .36 .37 .37 .37  .37 .37 
1958 .32 .30 .31 .33 . 35 .36 .35 .36 .37 .34 .19  .37 .37 
1959 .33 .2 7  .30 .32 . 3 5 .36 .36 .36 .36 .37 .3 7  .37 .37 
1960 .33 .30 .33 .33 •35 .36 .37 .37 .37 .37 •35  .34 .18 
1961 .31 .26 .32 .32 . 36 .36 .37 .37 .37 .37 •39  .38 .38 
1962 .32 .31 .34 .36 . 37 .36 .37 .36 .38 .38 .39  .38 .14 
1963 .29 .31 .34 .36 .37 .36 .37 .37 .34 .39 .18  .34 .34 
1964 .21 .28 .32 .35 .36 .36 .37 .37 .36 .36 .35  .37 .16 
1965 .26 .33 .33 . 36 .37 .37 .38 .37 •34  .34 .36  .34 .34 
1966 .26 .32 .32 .36 .37 .34 .34 .37 .34 .36 • 4 .36 OR 

1967 .3• .35 .36 .36 •37 .38 .39 .39 .39 .39 •36  .39 •36 
1966 .34 .36 .39 .39 . 37 .38 .34 .39 .39 .38 .34  .39 .36 
1969 .36. .37  .40 .40 . 39 .39 .39 .40 .40 .39 .39  .39 .38 
1 476 .40 .36 .39 .40 . 39 .39 .39 .39 .46 .39 .39 .39 .38 
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Table 30. Standard Deviations 

Maximum 5-Minute Rainfall 

Year Number of Years for Statistic 

Lei' 5 10 15 20 25 30 35 40 .45 50 55 60 65 
1899 .18 .16 .21 .19 • 1 9 .18 .17 .18 .17 .17 .1 7  .16 .16 
1900 .19 .26 .72 .20 • 19 .18 .18 .16 .17 .17 .1 7  .17 .16 
1901 .19 .26 .22 .29 . 1 9 • 18 .18 .18 .1 7  .l7 • 1 7  .17 .16 
1902 .19 .25 .21 .20 .19 .18 .18 .18 .17 .17 • 1_7  .1 7  .16 
1903 .13 .24  .20 .20 . 1 8 .17 .18 .17 .17 .17 .1 7  .16 .16 
1904 .14 .24  •

20 .19 . 1 8 .17 .18 .17 .17 .17 .16 .16 .16 
1905 .33 .24  .21 .19 08 .16 .18 .17 .17 .17 .1 6  .16 .16 
19C6 .33 .24  .21 .19 . 1 8 ,19 .18 .17 .17 .17 .16 .16 .16 
1907 .32 .2 3  .22 .19 . 1 8 .19 .18 .17 .1 7  .1 7  • II .16 .16 
1908 .32 .23 ,22 .19 . 1 8 .19 .18 .17 .17 .17 • 1 7  .16 .16 
19C9 .27 .22 .20 . 19  . 1 7 .18 .17 .17 • 1 7  .17 .1 6  .16 .16 
1910 .12 .1 3  .13 .13 . 1 5 .15 .14 .14 .15 .14 .1 4  .15 .15 
1911 .12 .13 .13 .13 . 1 5 .13 .15 .15 .1 4  .14 .1 4  .14 .15 
1912 .13 .16 .14 . 13  .16 .15 .15 .14 .15 .15 .1 5  .14 .15 
1913 .12 .16 .14 .13 .16 .15 .15 .15 .15 .15 .1 6  .14 .15 
1914 .07 .14 .13 .12 „05 .15 .15 .15 .14 • 1 4  • 1 5  • 15 .14  
1915 .13 44 .13 .16 . 1 6 .14 .14 .15 • 15 .15 • 1 3  • 13 • 14 
1916 .13 .1 4  .14 .16 .16 .15 .15 .15 .15 .05 • 1 5  .15 .15 
1917 .20 .15 .14 .17 .16 .15 .15 .15 .15 .15 .1 5  .15 .17 
1 9 18 .20 .16 .15 .17 . 1 6 .15 .16 .15 .15 .15 .1 5  .1 4  .17 
1919 .19 .15 .14 .17 .16 ,03 .16 .15 .15 .15 .1 5  .13 .17 
1920 .12 .12 .16 .16 .14 .14 .15 .13 .15 • 15 • 1 5  .15 .16 
1921 .14 .14 .16 .16 . 1 5 .18 .13 .15 .15 .15 .1 5  .15 .16 
0922 .09 .11 .11 .15 .14 . 1 5 • ►  .15 • 1 4  • 1 4  • 1 5  .17 .16 
t923 .12 .11 .16 .15 . 1 5 .15 .15 .14 .14 .14 .1 5  .17 .16 
1924 .12 .t1 .16 .15 • 5 .13 .15 .15 .35 .14 • 5  •17 .16 
1 9 25 .12 • 1 8  .17 .15 . 1 5 .15 .15 .15 .15 .15 .1 5  .16 .16 
1926 .14 .17 oh .15 . 1 5 .15 .15 .15 .15 .15 .1 5  .17 .16 
1 927 .14 .19 .16 .16 . 1 5 .13 .15 .15 .15 .15 .1 7  .17 .11 
1928 .10 .19 .16 .15 . 1 6 .15 .15 .15 .1 5  .13 • 1 7  .1 7  .16 
1929 .10 .19 ,16 .16 . 1 6 .15 .15 .15 .15 .15 • 1 7  .17 .17 
1930 .24 .19 .16 .15 . 1 6 .16 .15 .15 .15 .13 .1 7  .16 .17 
1931 .22 .18 .16 .16 .15 .15 .15 .13 .15 .45 .1 7  .16 .17 
0932 .24 .0 .17 .16 . 1 6 .16 .15 .15 .13 .15 .1 7  .17 .17 
1933 .25 .18 .17 .17 . 1 6 .16 • 15 .15 .15 • 1 1  .1 7  .17 .17 
1934 .25 .18 .17 .17 .16 .16 .16 .15 .15 .18 .1 7  .17 .17 
1935 .16 .12 .13 .15 .14 .15 .14 .14 .1 5  .16 • 1 6  .16 .16 
1936 .14 .12 .13 .14 .13 04 .13 .14 .1 4  .16 .16 .16 .16 
1937 .11 .12 .12 .13 .15 .13 .13 .14 • 1 7  .16 .16 .16 .16 
1938 .10 .13 .15 .14 .14 .13 .13 .14 .1 7  • 16 .1 6  .16 .16 
1939 .11 .13 .15 .14 .14 .14 .14 .14 .17 .16 .16 .16 .16 
1940 .08 .12 .14 .15 • 15  .15 .14 .14 .16 .1 6  .1 6  .16 .16 
1941 .12 .13 .15 .14 05 .14 .14 .15 .17 • 16 .1 6  .16 .16 
1942 .12 .12 .14 .14 . 1 4 .13 .14 .17 .17 • 1 6  • 1 6  .16 .16 
1943 .15 .1 7  .15 .14 .14 .111 .0 4  .17 .17 • 16 .16  .16 .17 
1944 .15 .16 .15 .15 • 14 .14 .14 .17 .17 .17 .16 .16 .17 
1945 .15 .16 .15 ,15 .14 OS .14 .17 .17 .17 .1 6  .16 .17 
1946 .14 .1 5  .15 .14 .14 03 • 4 .17 .1 7  .17 • 1 1  .16 .16 
1957 .13 .15 .15 .14 .15 .15 .18 .17 .17 .17 .1 6  .17  .17 
1948 .20 .15 .14 .14 .13 .14 • 18 .17 .17 .16 .16 .17 .16 
.949 • 19 .15 .15 .14 .14 .14 .14 .17 .17 .1 7  • 16 .17 .17 
1956 .19 .i1 .25 .14 • 15 4 14 .18 .17 .17 .17 .1 6  • 17 .17 
1951 .16 .15 .15 .14 .15 .15 • 1 1  .17 .17 .17 .1 6  .17 .16 
1 952 .17 .16 .15 .14 • 1 5 .19 .18 .17 .17 .17 .1 7  .17 .16 
1953 .11 .11 .11 .12 .13 .18 .17 .17 • 16 .16 • 17 .16 .16 

1954 .11 .12 .12 .12 .13 .18 .17 .17 .16 .16 • 1 7  .16 .16 
1955 .13 .1 3  .12 .14 • 13 08 .17 .17 .17 .16 .1 7  .16 .16 
1956 .11 .12 .12  .14 .14 .18 .17 .17 .1 7  .16 .1 7  .16 .16 
2957 .12 .12 .12 .14 . 1 9 08 .17 .17 .1 7  .17 .1 7  .16 .16 
1958 .13 .12 .12 .14 • 19 .18 .17 .17 .1 7  .27 .1 7  .16 .16 
1 959 .15 .12 .12 .14 .19 OR .18 .17 .17 .17 .1 7  .16 Oh 
1960 .14 .1 3  .15 .14 • 19 .18 .18 .17 .16 .17 .1 7  .16 .17 

1 961 .15 .1 3  .15 .14 .19 .18 .11 .17 .16 .17 • 1,7  .16 .17 
1962 .14 .13 .15 .20 • 19 „18 .17 .17 .17 • 17 • 1 4  .16 .16 
1963 .12 .13 .15 .20 • 1 9 .16 .18 .17 .18 .17 .1 7  .16 .16 
1964 .05 • 11 .14 .20 .19 • 19 .17 .17 .18 • 17 .17 .16 .16 
1965 .11 .1 5  .14 .20 . 1 8 OR .18 .17 .18 .17 .1 7  .17 .16 
1966 .11. .16 .15 .20 . 1 8 .18 .17 .17 .17 .17 • 1 7  .17 .16 
1967 .13 .16 .22 .20 .19 .18 .17 .18 .17 • 17 • 1 6  .17 .16 
1968 .14 .16 .22 .20 .19 .18 .17 .18 .17 .1 7  .1 7  .16 .16  
1969 .12 • 15 .21 .19 . 1 9 .16 .17 .18 .1 7  • 1 7  • 1 6  .16 .16 

• 1976 .17 .15 .21 .19 .19 .18 .17 .18 .17 .17 • 1 7  .16 .16 
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Table 31. Annual Series Maximum Hourly Flow and Five-Minute Rainfall 

	

Annual Maximum 	 Annual Maximum 
Water Year 
	

Hourly Flow (cfs) 	 Five-Minute Rainfall (in 

1899 268.5 .44 
1900 273.9 .23 
1901 297.8 .64 
1902 231.5 .19 
1903 203.0 .52 
1904 139.9 .35 
1905 98.9 .24 
1906 289.4 .34 
1907 111.0 .16 
1908 305.0 1.00 • 

1909 294.2 .42 
1910 111.2 .35 
1911 105.6 .35 
1912 884.5 .60 
1913 335.0 .31 
1914 250.2 .45 
1915 199.8 .30 
1916 314.7 .36 
1917 206.9 .27 
1918 162.3 .10 
1919 234.8 .45 
1920 570.8 .63 
1921 285.4 .48 
1922 280.4 .38 
1923 392.9 .31 
1924 764.6 .27 
1925 312.7 .47 
1926 268.0 .56 
1927 192.3 .31 
1928 440.1 .48 
1929 263.5 .21 
1930 109.8 .33 
1931 80.9 .34 
1932 184.4 .32 
1933 266.5 .82 
1934 132.4 .53 
1935 88.9 .19 
1936 277.5 .29 
1937 315.5 .33 
1938 390.3 .56 
1939 198.8 .41 
1940 270.8 .50 
1941 167.7 .34 
1942 421.5 .29 
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Table 31. (Cont'd) 

1943 235.5 .38 
1944 220.8 .17 
1945 296.1 .50 
1946 263.0 .54 
1947 314.2 .29 
1948 531.0 .33 
1949 255.4 .20 
1950 125.3 .27 
1951 194.0 .70 
1952 194.4 .43 
1953 164.9 .38 
1954 175.3 .44 
1955 151.9 .17 
1956 119.4 .22 
1957 207.2 .23 
1958 192.8 .44 
1959 144.8 .18 
1960 259.2 .36 
1961 498.7 .17 
1962 224.4 .43 
1963 247.7 .50 
1964 251.4 .20 
1965 195.8 .23 
1966 266.8 .22 
1967 349.9 .28 
1968 218.0 .14 
1969 357.9 .44 
1970 173.5 .24 
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and found satisfactory. 

The end product is twelve runoff files; a combination of 3 time 

steps (1-minute, 5-minute and 15-minute) and 4 soils (very rapid 

permeability, moderate to moderately rapid permeability, moderately 

slow permeability, and impermeable). These runoff files have been 

given the following acronyms: 

ROF1SOIL1 	 ROF5SOIL3 

ROF1SOIL2 	 ROF5SOIL4 

ROF1SOIL3 	 ROF15SOIL1 

ROF1SOIL4 	 ROF15SOIL2 

ROF5SOIL1 	 ROF15SOIL3 

ROF5SOIL2 	 ROF15SOIL4 

The first number in the acronym refers to the time step in minutes 

and last number has the following code: 

1-soils of very rapid permeability 

2-soils of moderate to moderately rapid permeability 

3-soils of moderately slow permeability 

4-impermeable surfaces such as granite outcrop, roads, roofs, 

and parking lots. 

Flood Frequency Analysis  

Introduction.  Ninety-nine storms are on the runoff file for the 

25-year period from 1918 through 1942. For each storm the routing model 

calculates the flow at the downstream end of each segment specified 

in the system. To translate this information to a form needed for 

planning and the decision process, two manipulations of the data 

are needed. First, the flood peaks for pre-selected probabilities 

must be estimated from the 25 years of simulated flows. Second, 
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the water surface elevations must be estimated for the flood peaks. 

Flood frequency analysis is used for the first task, and a rating 

table is used for the second. The final product, then, is flood elevations 

for selected probabilities. 

Flood Frequency Distributions.  Several distributions have been used 

for flood frequency analysis over the past decades. The more popular 

ones are the extreme-value distribution, the log-normal distribution, 

and the Log-Pearson Type III distribution. In addition, there are 

three methods for estimating the parameter values for the distribution 

functions. They are the methods of moments, maximum likelihood, and 

least squares. In 1967, the Water Resources Council of the federal 

government recommended the Log-Pearson Type III distribution. The 

Log-normal distribution, which is the Log-Pearson Type III distribution 

with a skew of 0.0, fit by the method of moments, was initially programmed 

for the frequency analysis in UROS4. After the model was used on several 

watersheds, it became apparent that this distribution did not fit the 

data properly. The situation was analyzed by fitting all three distributions 

to the 25-year annual flood series for Womack Creek with all three methods. 

Results showed that the method initially selected was estimating the 

100-year flood flow at least twenty percent higher than the other methods. 

Upon closer examination, it appeared that the method of parameter esti-

mation gave too much weight to the lower peaks which are under-estimated 

by the routing model since the runoff file can miss the critical peak 

in years when no major storms occur. The effect is shown on Figure 23. 

The frequency distribution and parameter estimation method which most 

closely fit the data was the extreme-value distribution with the method 

of moments for parameter estimation. 
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The extreme value distribution as defined by Gumbel is 

-a(X - b) 
P = 1 - e-e 

where, 

a = 1.28 	 (52) 
a
x 

b = X - 0.45ax 
	 (53) 

1 N  
=- 	E 	X.   (54) 

i = 1 1 

N 
1 	 - 2 

a 	- 	E (X - X) 
x2 N1 	i i = 1 

P = probability in any one year that a flood greater than the 

value of X will occur 

X
i = annual flood series (largest flood flow each year for N years) 

N = number of years of record (25 years for the runoff file) 

X = mean of the annual flood series 

0
x
2 
= variance of the annual flood series 

X = flow associated with probability P 

e = base of natural logarithms (2.718) 

The return period is related to the probability by 

T
r = 1.0/P 	  (56) 

Thus, the 100-year (Tr) flood flow is a flow with only a 1% chance (P) 

of being exceeded in any one year. The computations with Equation 51 

can be simplified by expressing the relationship in the form 

X= X+ KO 
	

(57) 

(51) 

(55) 
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where 

a(X - b) - 0.571  K = 	1,Z6 	  (58) 

and is evaluated by solving for a(X - b) in Equation 51 given values of 

P. Values of K for the seven probability levels programmed into UROS4 

are given in Table 32. From the annual series, X is calculated with 

Equation 54, ax  with Equation 55, and the flood flows for seven pro-

babilities with Equation 57. 

Rating Table.  With the seven discharges, only the stage (flood 

elevation) remains to be estimated. Any procedure beyond the application 

of a rating table provided in the input data was too costly for inclusion 

in UROS4. Backwater computations, an example of a more refined method, 

could, however, be used to develop the rating table or to determine the 

water surface from the peak flows calculated with the routing model. 

The rating table is a set of monotonically increasing water surface 

elevations (E) paired with associated peak flows (Q). For each flow 

calculated from Equation 57 a water surface elevation is interpolated 

from the table. For example, given a ten-year peak flow of 570 cfs, UROS4 

searches the rating table and finds the first discharge value greater 

than 570 cfs. If this value is given the subscript i, the elevation 

associated with 570 cfs would be 

Q. - 570 0.9 
E570 = E 

i-1 
 + (E - E

i-1
) ( 	

Qi  - Qi_i )   (59) 

where, 

E = elevation above any datum, 

Q = flow in cfs. 

The datum used for E, may be mean sea level or some other base such as 
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TABLE 32. Coefficients for Extreme-Value Distribution 

Probability of 
Exceedance Return Period (years) 	K 

0.5 2 -0.16 

0.2 5 0.72 

0.1 10 1.31 

0.04 25 2.05 

0.02 50 2.60 

0.01 100 3.14 

0.005 200 3.68 
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the bottom of the channel. The ratio of the discharges in Equation 59 

will always have a value between zero and one. The exponent, 0.9, is 

used to represent typical rating curves non-linearity. If the value 

of a given discharge, such as 570 cfs, is greater than the highest discharge 

given in the rating table, the routing model will not extrapolate but will 

set the elevation to zero. In such cases, additional points should be 

read in the input data. 

Rating tables can be developed by assuming uniform flow and apply-

ing Manning's equation, running backwater curves, computed data from the 

routing model for storage components, or rating curves from the U.S. 

Geological Survey gaging stations. Another possibility might be general-

ized rating curves based on channel or drainage area characteristics. 

Although a possibility and used by some federal agencies in determining 

100-year flood plains, generalized rating curves should be used with 

caution. 
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SECTION 3 

Procedures for Simulation Studies 

Introduction  

Section 2 has described the development of UROS4, its components, 

functions, and verification. This section discusses the procedures 

in using the Model to analyze the hydrology of a particular drainage 

problem and evaluate the hydrologic effects of various methods for 

dealing with the problem. These steps will be discussed in the order 

that they should be followed in a drainage study. Section 5 will 

illustrate the procedure with an example study on Wild Creek. 

Identification of Existin•or Potential Draina e Problems 

Explicit definition of existing or potential drainage problems 

should be taken very seriously. Citizen complaints should be recorded 

reviewed, and analyzed. Problem locations should be plotted on maps and 

studied for patterns. Field inspections and photographs are helpful. Such 

examinations may point to obvious solutions such as removing debris 

from a culvert, channel maintenance for short reaches, or storage 

of runoff from a new development. 	However, it may be that simulation 

for analysis of hydrologic effects may show that what was thought to be 

an obvious solution may not help or may even create new problems. 

Preparation of Input Data  

Identification of Target Areas. Target areas are locations of 

existing or potential problems or locations where actions could be 

taken to reduce the problems. Such target areas must be located on 

the map of the drainage area under study. The following should be 

considered in locating all target areas on the map: 
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1) complaints from flooded property owners 

2) culverts that appear to be too small 

3) roadways that could act as detention dams 

4) open land along the stream that could be used for 

temporary storage of storm water 

5) existing dams and lakes 

6) channel reaches clogged with debris 

7) property in the flood plain that might be damaged in 

a flood 

Segmenting the Drainage Area. Following the location of the target 

areas, the drainage divide above the most downstream target must be 

drawn on a contour map of the area. In most cases the map will be 

the DeKalb County maps drawn to the scale 1" equals 200' with 5--foot 

contour lines. For areas over ten square miles the U.S. Geological 

Survey 7 1/2 minute maps could be used. With the entire drainage 

area located, the next step is segmenting that area into subareas, 

channel lengths, and storm water storage areas. The following guide-

lines must be followed in segmenting the drainage area. 

1) No subarea segment should be greater than about 1000 acres. 

2) All runoff from a subarea must leave the subarea at only one 

location, its outlet. 

3) The outlet must begin a channel segment or storage segment. 

4) The intersection of major tributaries or a major tributary 

with the main channel should begin a channel segment. 

5) A storage segment may follow an area segment, channel 

segment, or another storage segment. 

6) The travel time through a channel segment should approximate 

the time step specified for the simulation run. 

109 



7) When the runoff file is not used any segment may discharge 

to an area, though this situation rarely occurs. 

8) Target areas should determine the downstream end of an area 

segment, channel segment or storage segment. 

9) Channel and area segments should be constructed so that potential 

alterations may be easily added for subsequent simulation runs. 

10) Undersized culverts should be considered as creating storage 

segments. 

11) Closed conduits are channel segments and should only receive 

water from a storage segment. 

12) Short closed conduits under roadways can be left out since 

flow times are very short. 

13) Channel segments should be relatively homogeneous. 

14) The maximum number of all type segments is 99. 

15) The maximum number of storage segments of 25. 

16) The maximum number of area segments is 50. 

17) The maximum number of channel segments is 65. 

18) The maximum number of channel plus storage segments is 65. 

When the drainage area has been segmented to subareas, channels and 

storages, each segment must be given a number from 1 to 99. Only 

one rule must be followed in the numbering: segments with smaller 

numbers must always discharge to segments with larger numbers. Numbers 

may be skipped and should be if it is anticipated that a new segment may 

be added later. It is sometimes helpful to number all subarea segments 

first,then the channel and storage segments. With all segments numbered, 

map data and field data can be collected and referenced to the numbering 

system. 

110 



Map Data. The following information should be determined from 

topographic or soils maps and aerial photographs. 

1) Size of each subarea segment, 

2) Fraction of the surface area for each area segment that is 

impervious and that is in each of the other 3 soil types, 

3) Length and slope of each channel, 

4) Water surface elevations and associated water surface areas for 

each storage segment when sufficient contours are available to 

determine this information. 

The size of each subarea segment can be measured from the map with a 

planimeter or an overlay grid. Since soil 2, Table 19 and Figure 26, 

covers 90% of the County, most subareas will only require the deter-

mination of the fraction of impervious area. If the drainage area is 

in the southwest or eastern part of the county, the area covered by 

soil 1, 3, or 4 should be marked on the map and the area of each 

measured. The fraction of area that is impervious is more difficult to 

determine. One method that works quite well is to color on an overlay 

of an aerial photo the areas that are uniformly natural, rock outcrops, 

completely impervious, residential, multi-family, commercial, or 

office and industrial. Estimates of the impervious fraction for each 

of the land--use classes can be made from 1) a grid overlay on the aerial 

photograph, 2) field measurements at sample points, or 3) a table of 

average values. Sometime in the future the digitized imagery from ERTS 

may become cost-effective. Listed below are impervious area fractions 

typical for DeKalb County. Measurements from aerial photographs, 

however, would enable one to get a more accurate estimate than average 

values from a table because such a wide range is found for each type of 

development, especially the higher density uses. 
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Soil 1 - Soils of Very Rapid Permeability 

Soil 2 - Soils of Moderate to Moderately Rapid Permeability 

Soil 3 - Soils of Moderately Slow Permeability 

Soil 4 - Impermeable Surfaces, Such as Granit Outcrop 

I 	I 

Figure 26. Map of Four Soil Groups in DeKalb County 
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Impervious Area Fractions 

Land Use 	 Impervious Fraction 

Natural-rural 0.00-0.02 

Residential 0.15-0.30 

Multi-family 0.4-0.8 

Office and Industrial 0.5-1.0 

Commercial 0.7-1.0 

Rock outcrops 1.0 

Field Data.  Field data is needed to increase the reliability 

of the simulation. Although a simulation could be made by using 

"typical values" from other simulations and field data from "similar 

areas", such an approach is discouraged because each urban drainage 

system is unique. 

The following field information should be measured or noted. 

1) Drainage divides which cannot be determined from the maps. 

It is often difficult to determine whether a specific area 

drains along a roadway into one drainage area or across the 

roadway into another. Sometimes the contour interval is too 

large to accurately determine the drainage divide. Generally 

a quick inspection of the area in question is sufficient. 

2) Culverts. 

Information required includes: 

a) vertical and horizontal dimension of each conduit, 

b) elevation of the invert of the channel and each conduit 

and the low point of the roadway. 

Information that would be helpful includes: 
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a) Upstream channel invert slope and channel cross-section for the 

elevation-area or elevation-volume relation needed for storage 

routing, 

b) roadway profile to estimate dimensions for the broad-

crested trapezoidal weir used to represent the flow 

when the road is overtopped, 

c) inlet conditions such as beveled ends, wing walls, protruding 

conduit, and debris at inlet. 

3) Outlet works on existing dams. 

The information required is the size, type, and invert elevation 

of each of the outlets for the dam. These could include drop 

inlets, horizontal pipes, and weirs. 

4) Channel and flood plain cross-sections and roughness characteristics. 

Cross-section data should include the location and elevation of the 

top and bottom of the banks of the channel and break points across 

the flood plain to a point with an elevation approximately half the 

channel depth above the top of channel bank. In addition, either 

a description should be written, photograph taken, or Manning's n 

estimated for the main channel and the flood plain on each side of 

the channel. 

5) Impervious area. 

Field measurements of impervious surfaces can be made. Such 

measurements might include lengths and widths of driveways, streets, 

roofs or parking lots. More often, however, the needed areas can 

be estimated from aerial photographs. On occasion it may be 

difficult to determine the nature of a surface from the aerial 

photograph. In such cases, field verification is needed only for 

the type of surface. Any land development since the aerial 

photo was taken should be noted on the field trip. 
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Simulation Runs  

The first step in making a simulation run is to code the map and 

field data. This must be done in accordance with the specifications of 

Section 5. Examples are shown in Section 4. With the data coded and 

keypunched, the card deck should be marked on the top with a magic marker 

and catalogued. Though any number of cataloging schemes could be 

equally effective, they should include the name of the drainage basin 

and the location of the downstream point (outlet) for each deck of cards. 

Additional information such as date coded, land and channel conditions 

used, streets in the drainage system, and purpose of the simulation run 

could also be catalogued. 

The first task in simulation is to debug the collected data by 

setting RUNOPT equal to 2 and running with only one selected storm. The 

storms available on the runoff file are listed in Table 33. Although 

any storm on the runoff file could be used, selection of a storm from 

the first three years minimizes computer time. For this reason, a storm 

dated May 6, 1919, March 12, 1920, or August 15, 1920 should be selected. 

Code for the routing model was written to check the input data for 

errors and write messages identifying the errors. The various messages 

are discussed at the end of Section 7. The simulation runs with RUNOPT 

equal to 2 should be repeated until all model identified errors have 

been eliminated. 

In the debugging, option 1 should be selected so that hydrographs at 

several points in the drainage systems will be plotted on the printout. 

Inspection of these hydrographs can reveal additional errors such as an 

improper time step or improper values describing the channel, area or 

storage segments. If the hydrographs rise and fall too fast, a shorter 

time step may be required. The peak flow should be no more than 50% 

greater than the second highest plotted value, and 25% would be even 
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better. The selection of the time interval must balance two factors. 

First, too long a time interval reduces accuracy. Second, too short a 

time interval may reduce the total storm simulation period to less than 

the interval needed for the rising limb of the hydrograph to reach a peak 

flow. As a general rule, the time interval should approximate the 

average of the travel times through the channel segments and should be 

less than the storage constants listed for the subarea segments. Both 

the travel times and storage constants are calculated by the routing 

model and listed in the summaries on the printout. 

The second set of simulation runs should set RUNOPT equal to 1 

to utilize the entire runoff file and estimate flood frequencies for 

existing watershed and channel conditions. Outputoptions 16 and 17 

should be selected to get some additional output. These two options may 

be omitted in subsequent runs. Output from the second set of simulation 

runs may include warning messages that the hydrograph was still rising 

at a given location for a specified storm at the end of the Storm simulation 

period. Data from these warning messages should be checked with the output 

given from output option 16 to see whether any of the listed storms may 

have been critical for the given water year. In most cases they are not. 

If they include a critical storm for a given water year, a larger time 

step with the associated runoff file must be used. 

A third set of simulation runs are made when the hydrologic effects 

of projected land use or alternative management schemes are to be studied. 

In such cases it is most efficient to pick a range of storm events from 

the results of the second set of simulation runs. Typically this would 

include a small, medium and large storm event. With RUNOPT equal to 2 

and with 3 to 5 storms specified, management schemes can be checked with 
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much less computer time. Also, with only 3 to 5 storms selected, more 

output on each storm can be requested. 

When the more effective management schemes have been identified from 

the third set of simulation runs, a fourth set of simulation runs can be 

made for a final evaluation of those schemes. This final run would use 

the entire runoff file. 

In no way is the user of the routing model required to take the 

above approach. With experience, simulation set 1 and 3 might be 

eliminated. Also, the routing model has the capability of accepting 

precipitation values and loss coefficients. This capability could be 

used for verification runs where streamflow data is available for duplicat-

ing specific historical storms or for simulation of runoff from a maximum 

possible precipitation event. 
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SECTION 4 

Specifications for Input Data 

Introduction  

This section describes the format for coding the input data 

to UROS4. Listed at the end of this section are the required 

variables for each data card, the format and a brief explanation. 

After a user becomes familiar with the routing model, the listing will be 

the most frequently referenced section of the report. An additional list-

ing of the definition of variables used in the report and in the code 

of the routing model can be found in Section 6. 

Explanation of Input Requirements  

The input specifications at the end of this section have three 

columns. Column one lists the variables to be read on each card. Column 

two gives the format for each variable, and column three has a brief de-

finition. The variable names, with a couple of minor exceptions, are the 

ones used in the Fortran code for the routing model. Format specifications 

are in standard Fortran notation. Three letters are used in the format 

and are defined as follows: 

A - Any alphanumeric character found on the keypunch 

I - Integer number (whole number) with no decimal point and 

right justified 

F - Floating point number (decimal number) with a decimal point. 

Numbers to the right of the letter specify field size which is the number 

of columns on the card for the datum. Numbers to the left of the letter 

specify a multiplier when the field specification is to be repeated. 

Commas separate field specifications. If no number appears to the left 
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of a letter,then a value of one is assumed. To the right of the letter 

F are two numbers separated by a decimal point. The first of these two 

numbers is the field size and the second is the number of digits to the 

right of the decimal point. The second number is not used when the 

decimal point is punched in the input data, and this practice is highly 

recommended. Thus, all data with the F format should have a punched 

decimal point while all data with the I format must not have a decimal 

point. All numbers with the I format must have the last digit coded in 

the right most column of the field. All numbers with the F format and 

the decimal point may be coded and punched in any of the columns within 

the specified field. 

The specifications for each data card are listed sequentially. In 

some cases a statement identified by asterisks precedes the specifications 

for a card. This may be a general information statement on the purpose 

for the card or a conditional statement indicating when the card is 

needed. The conditional deck statements are based on values read for 

options on the preceding cards. Thus, the input data must be developed 

from top to bottom with each conditional statement checked before data 

for the next card is coded. A more detailed explanation of each card 

follows. 

Card 1  is always the first card of a data deck. The first six 

columns are reserved for specification of the number of runoff files 

to be used. These columns will usually be left blank since a blank 

defaults to the typical value of 2 representing one soil type plus 

impervious area. However, if only one runoff file is needed, such 

as a watershed with all impervious or no impervious area and only one 

soil type, a 1 must be coded in column six. Also, if 3 or all 4 runoff 

files are needed, a 3 or 4 must be coded in column 6. The last two 
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columns (79 and 80) are reserved for the run option which was discussed 

in the previous section. The columns in between (7-78) are available 

for any information desired on the headings of tables on the printout. 

This information generally includes the name of the watershed and some 

notation on the purpose of the run to distinguish it from the printout 

from all the other runs. Care and effort in specifying this information 

is well spent. 

Card 2  is always the second card of a data deck. It gives the over-

all specifications for the run. NELMTS comes from the highest number 

used from numbering all the segments of the drainage area under study. 

With RUNOPT = 0 for verification runs, any total time may be used as 

long as it can be divided evenly by the time increment. With RUNOPT = 1 or 2, 

only 3 time increments are acceptable, 1-minute, 5-minute, and 15-minute. 

The total time in all cases must be some multiple of the time increment 

and the multiple must be less than 121. Some computer time can be saved 

when using RUNOPT = 1 if the total time is less than 120 times the time 

increment. However, one should be cautious in using a smaller number 

because the chances are greater for terminating the calculations for a 

particular storm before the peak flow has been reached. Numbers for the 

remaining variables on the card should not be coded unless they are completely 

understood and a reason exists for a value other than the default value. 

Because the time and area units have default values, only the first three 

variables usually are needed. With RUNOPT = 1 or 2, the time unit must 

be coded with a value of 60. Area units may be coded 1 or 640 for acres 

or square miles, respectively. 

Card 3  is always required and is the first card of a series of 

cards specifying the characteristics of each segment. It always begins 

a group of cards needed for each segment and has the same format for 
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each type of segment. Information on this card links the flows between 

segments and associates the segment number with the type of segment. 

Cards 4 and  5 are preceeded by conditional statements and follow 

card 3 only when card 3 has the segment coded as a subarea. Either 

card 4 or card 5 is used, but not both. If a verification run or maximum 

possible precipitation run is being made with RUNOPT = 0 then card 4 is 

used. Values for the parameters may be estimated by a series of trials 

when streamflow data is available or be approximated from the values given 

in tables in Section 2. Information required on card 5 was discussed in 

Section 2. If the area specified is greater than 10 acres, values for 

LENGTH, SLOPE and FF should not be coded. If the area is less than 10 

acres, LENGTH, SLOPE and FF may be specified for more accurate overland 

flow routing. The accuracy is gained at the expense of more computer 

time. When they are not specified or the area exceeds 10 acres, the 

linear storage model is used. The last four variables on card 5 specify 

the fractions of each subarea for each runoff file and they must sum to 

1.0. If only 2 runoff files are used (usually SOIL 2 and SOIL 4), then 

only two fractions should be coded. 

Cards 6 and 7  are preceded by conditional statements and follow 

card 3 only when card 3 has the segment coded as a channel. Card 7 is 

the additional card needed for an irregular cross-section with information 

on the channel and flood plain. Each listed characteristic is discussed 

in Section 2. 

Cards 8 through 15  are preceded by conditional statements and follow 

card 3 only when card 3 has the segment coded as a storage. Since several 

options are available for describing storage segments, several cards are 

listed. 

Card 8 is always required for a storage segment, but if default values 
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are desired and optional outdnt is not, the card c:in be I. It blank. Vallws 

for :d, SK and SX are needed oaly for Muskingum channel outing, which is 

not recommended for use and has not been thoroughly checked. If values are 

coded for SX and SK, cards 9 through 15 are not required. A value of 1 

can be coded in column 28 if additional output on each type outlet struc-

ture is desired. This option should be selected on the first set of 

simulation runs to help check tor input errors. It may be left blank 

in subsequent runs. A value of 1 or 2 should be coded in column 4, de-

pending on the units desired for the data in cards 10, 11 and 12. 

Card 9 has two variables for options that can be coded in any com-

bination. Usually KD and KE will both be set to zero for a user cal-

culated storage-discharge relation or both be set to one to minimize 

calculations required by the user. 

Cards 10, 11, 12, 13, 14 and 15 depend on the KD and KE values 

of card 9 and in no case would values on all six cards be coded. 

The possible combinations are: 

1) Cards 10, 11 and 13 

2) Cards 10, 12 and 13 

3) Cards 12 and 13 

4) Cards 10, 11, 14 and 15 

5) Cards 10, 12, 14 and 15. 

Note that in only one combination is card 10 not required. Also the slash, 

/, in the format specifications means the following specifications are for 

a second card. Thus, cards represented by the numbers 9, 10, 11 and 12 

refer to paired cards, For each storage segment, the values for K, N and L 

must be the same and that value must be greater than one and less than 21. 

The first value for surface water elevations or reservoir surface areas 

may be non-zero but the first value for reservoir volume or outflow must be 
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zero. 

Card 15 describes the outlet structures, and the number of structures 

is specified on card 14. Any number of structures may be specified with 

the usual being 1 to 5. Although a rectangular broad-crested weir is 

listed as an optional structure, the trapezoidal weir option includes a 

rectangular or triangular weir. 

Card 16 is always required though it may be left blank. It follows 

the number 3 card which has a value equal to NELMTS + 1 for N, a 99 for 

TYPE, and a blank for INTO. Proper selection of options is important 

so that enough output is received without wasting paper. With all options 

selected and RUNOPT equal to 1, thousands of pages of output could be 

generated. For the four sets of simulation runs discussed in Section 4 

the following options are suggested. 

Simulation Set Recommended Options 

1 1,3,14 

2 16,17 

3 1,3,14 

4 16,17 

Option 4 is not available for the DeKalb County computer. Option 5 

and 18 can be used when rainfall and infiltration parameters are 

provided. Option 8 can be used to make calibration and verification 

studies easier. Options 19 and 20 are used with RUNOPT = 0 to compare 

two simulation runs. 

Card 17 is always required and is used to adjust the amount of out-

put since information for all segments usually is not needed. Before a 

9999 is coded in the first 4 columns, an estimate of the pages of output 

should be made. 
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Cards 18 and 29  cannot be used on computer systems that do not 

have Calcomp plotters and associated software. 

Card 19  is optional and can be used in calibration and verification 

studies. The four values are used to replace the values read on cards 

4 and 6. If values for any of the four variables are left blank, the 

original values on cards 4 and 6 will remain valid. 

Cards 20 and 21 or 22  are needed only when RUNOPT = 0. Note that 

a card with 9's in the proper columns is needed to tell the programs 

to quit reading precipitation data cards. 

Card 23  is only required for RUNOPT = 0 and cards 24 and 25  are 

conditional depending upon the values of variables on card 23. As 

with the precipitation data, the streamflow data has two different 

formats that can be selected. 

Cards 26 and 27  are conditional. They only apply when RUNOPT = 0, 

option 20 is selected, and a previous simulation has been made with 

option 19. 

Card 28  is optional and should be coded only when RUNOPT = 0 and 

output option 18 selected. Its use is only for comparing flows at an 

upstream point with a downstream point. It may work with RUNOPT = 2, a 

combination which has not been tested. 

Cards 30 and 31  are required when RUNOPT = 1. There is a slash 

in the format so a total of 4 cards are required for each segment 

listed on card 17. Values for J and K on cards 30 and 31 must be the 

same, respectively. If flood elevation data is not desired, the four 

cards are still required, but values for K, DISCH and STAGE may be left 

blank. Segment numbers, J, are always required. Values for stage can 

be elevations above mean sea level or elevations above the invert of the 

channel. 
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Card 32  is preceded by a conditional statement and is only used 

when RUNOPT = 2. Any number of cards up to 99 may be coded with storm 

dates from the runoff file which are listed in Table 33 in Section 3. 

If program control is to return to card 1 for another simulation run, 

values of 99 for Il and 12 must be coded. If not, the date of the last 

storm desired should be the last card coded. 
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Table 

Year 

33. 

Month 

Dates of 

Day 

Storms on the 1-Minute Runoff File 

Year 	Month Day 

1918 1 11 1929 10 1 
1918 4 7 1930 1 28 
1918 11 28 1930 3 7 
1918 12 21 1930 5 17 
1919 5 7 1930 11 16 
1919 7 9 1931 7 28 
1919 12 9 1931 8 10 
1920 2 3 1931 12 4 
1920 3 12 1931 12 7 
1920 8 15 1932 2 21 
1920 11 15 1932 6 18 
1921 2 7 1932 10 16 
1921 8 24 1932 12 17 
1921 11 16 1932 12 27 
1922 2 14 1933 3 19 
1922 3 10 1933 6 10 
1922 5 3 1934 2 25 
1922 6 1 1934 3 3 
1922 7 19 1934 7 19 
1922 10 6 1934 10 6 
1923 2 13 1935 3 5 
1923 3 12 1935 9 10 
1923 5 15 1935 11 12 
1923 12 4 1936 1 2 
1924 4 4 1936 2 3 
1924 4 18 1936 4 6 

1924 5 27 1936 9 29 

1924 7 3 1937 4 29 

1924 12 8 1937 6 17 

1925 1 11 1937 10 18 

1925 1 17 1938 4 1 

1925 11 1 1938 4 6 

1926 1 4 1938 4 8 

1926 1 17 1938 6 25 

1926 2 18 1938 9 27 

1926 3 30 1938 11 16 

1926 8 11 1939 2 18 

1926 11 15 1939 6 22 

1927 2 13 1939 8 17 

1927 2 23 1940 7 8 

1927 12 2 1940 8 12 

1928 5 20 1940 9 10 

1928 5 23 1941 6 23 

1928 6 13 1941 8 13 

1928 7 10 1941 12 23 

1928 8 15 1942 2 16 

1929 3 4 1942 3 2 

1929 3 14 1942 3 20 

1929 3 23 1942 9 26 

1929 9 25 
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Summary of Requirements  

C 
C 
C 	 UPEAN FLOOD SIMNALTION MODEL (URUS4) 
C 
C 	 DEVELOPED FOR DFKALn COUNTY. GEORGIA 
C 
C 	 PROGRAMMED PY ALAN M. LIMB r ALLEN E. JOHNSON. 
C 	 L.D. JAMES AND J.L. KITTLE. JR. 
C 
C 	 ***** INPUT REQUIREMrNTS ***** 
C 
C 
C Num VARIAPLE ON CAROFORMAT COMMENT 
C 	  
C 
C(1) INFO(1), 	 I6.12A6, NUMPER OF RUNOFF FILES TO dE USED 
C 	INFO( ), 	 IP 	(IF LEFT BLANK. 2 ASSUMEo). 
C 	RUNOPT 	 GENERAL INFORMATION ON RUN 

(NAME OF WATERSHED. PURPOSE OF RUN). 
C 	 RUNOPT=0 SINGLE STORM SIMULATION 
C 	 RUNOPT=1 USE RUNOFF FILE 
C 	 RUNoPT=2 SELECTED STORMS FROM 

RUNOFF FILE 
C 
C(2) N7EMTS.TOTALT, 	 14.2F4 .0, NUMBER OF LAST REAL SEGMENT(MAX.99), 
C 	DrLT,TUNITc,,AU, 	 214.48.0 TOTAL TYmEr TIME INCREMENT, 
C 	PKOFCHK.STOIK 	 ((TOTAL TIME)/(TIME INCRLmENT)MUST 
C 	 BE LESS THAN 121). 
C 	 TIME HNITS(SEE=1 OR MIN=uU OR 
C 	 HRS=36(10), AREA UNITS(ACRE=1 OR 
C 	 SOMI=6 4 0) CIF TUNITS AND AU LEFT 
C 	 BLANK. MINUTES AND ACRES ASSUMED), 
C 	 COEFFICIENT FOR LINEAR STORAGE 
C 	 ROUTING OF EXCESS FROM AREA SEGMENTS 
C 	 (LEAVE BLANK FOR DEFAULT VALUE OF 1.0), 
C 	 ACCURACY OBJECTIVE FUR ITERATIVE 
C 	 APPROXIMATIONS FOR OVERLAND FLOW 
C 	 AND STORAGE SIMULATION (LEAVE BLANK). 
C 
C 	 NOTE: WHEN USING RUNOFF FILE 
C 	 PELT MUST dE 1,5 OR 15 MINUTES 
C 	 DEPENDING ON FILE USED. 
C 
C 
C 	 INPUT PHYSICAL DISCRIPTORS OF EACH SEGMENT (LOOP NELMTS TIMES) 
C 
C(3) N.TYPE( ), 	 3I4 	SEGMENT NUMBER (SEQUENCE uF 
C 	INTO( ) 	 NUMBERS FROM 1 TO 99, SMALLER 
C 	 NUMBERS MUST ALWAYS URAIN TO A 
C 	 LARGER NUMUER).SEGMENT TYPE 
C 	 (AREA=11.CHANNEL=22,STORAGE=33, 
C 	 DUMMY = 55, UOIT=99) 	SEGMENT 
C 	 NUMBER INTO WHICH THIS SEGMENT 
C 	 DISCHARGES. 
C 
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C 	 NOTE: NUMUERS MAY BE SKIPPED- 
C 	IGNORE uR SL) TYPE = 55 
C 	 NOTE: AT END OF DISCRIPTOR CARDS 
C 	 PUT SEGMENT WITH N = NELMTS+1 
C 	 AND TYPE( ) = 99 
C 	 NOTE: LAST REAL SEGMENT MUST 
C 	 DISCHARGE INTO SEGMENT 
C 	 NFLMTS+1. 
C 
C 	*** IF TYPE( 	= AREA (11) AND RUNOPT 7. 0 INPUT THE FOLLOWING 
C 
C(4) AREA( ),LENGTH( 1. 	9F6.0 	DRATNAGE AREA.LENGTH(FT).sLOPE 
C 	SLOPE( ),Fr( ), 	 (FT/FT),MANNING'S N.INITLAL LOSS IN 
C 	STRKR( )02710U ), 	 INCHES/DELT(ANYTHING FROM 0.0 TO 
C 	ERAIN( ),DLTKR( ).UI ) 	 10.0 DEPENDING UPON ANTECEDENT 
C 	 RAINFALL), SLOPE OF LOSS 
C 	 FUNCTION (RATIO OF LOSS 
C 	 TO THAT AFTER 10 INCHES of RECHARGE 
C 	 -USUALLY 3.0). RAIN EXPONENT 
C 	 (0.7 F(R TYPICAL VALUE, 
C 	 OR 1.0 FOR RATIONAL FORMULA 
C 	 TYPE PERCENTAGE LOSS. OR u.001 
C 	 FOR INFILTRATION FCN TYPE LOSS), 
C 	 SURFACE RETENTION VOLUME(INCHES) 
C 	 (ANYTHING FROM 0.0 TO 2.0 DEPENDING 
C 	 UPON ANTECEDENT RAINFALL), 
C 	 FRACTION IMPERVIOUS AREA. 
C 
C 	 NOTE: IF AREA OVER 
C 	 TEN ACRES OR LINEAR 
C 	 STORAGE DESIRED FOR ROUTING 
C 	 TO OUTLET. LEAVE LENt21H. SLOPE. 
C 	 AND FF( ) BLANK. 
C 
C 	*** IF TYPE( ) = AREA(11) AND RUNopT=T OR 2 INPUT THE FOLLOWING 
C 
C(51 AREA( ).LENGTH( ), 	4F6.0.8X, ARFA,LENGTH.SLOPE AND FF SAME AS 
C 	SLOPE( ).FF( 1. 	 4F8.0 	ABOVE. SOIL1 THRU SOIL4 ARE 
C 	SOILl( ),SOIL2( ). 	 FRACTT(N OF AREA WITH RAPID, 
C 	SOILS( ).SOIL4( ) 	 MODERATE.SLOw OR ZERO SOIL 
C 	 PERmEARTLITILS.RESPECTIVEL.Y. 
C 	 (ZERO TERMEABILITIES FOR IMPERVIOUS 
C 	 SURFACES) 
C 
C 	 NOTE: SUM(SOIL1+SOIL2+SuIL3+SOIL4) 

HUST=1.0 FOR EACH sUBWATERSHED 
C 
C 	*** IF TYPE( 	= CHAN (221 INPUT THE FOLLOWING INFORMATION 
C 
C(6 ►  KIND( 1.LFNGTH( 1. 	Tri,9Eq.n KIND OF  CHANNEL(u.1,2.3 OR 4 AS 
C 	SLOPE( 1.cr( ), 	 DEFINFo BELOW ► . LENGTH OF CHANNEL 
C 	ATARM( ),NnAIM( ) 	 (FErT1 ,  SLOPE uF CHANNEL(FT/FT). 
C 	 MANNING'S 'N' FOR CHANNEL. 
C 	 KIND OF CHANNEL OPTIONS: 

0=IRREGULAR. LEAVE SLOPE AND FF 
C 	 BLANK. FLOOD PLAIN AND LHANNEL 
C 	 FLOW SIMILAR. INPUT VALUES FOR 
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C 	 Anne"' AND MPARM 
C 	 1=RECTANGULAR, LEAVE MPARM BLANK 
C 	 AND SET APARM EQUAL TO CHANNEL 
C 	 WIDTH 
C 	 2=TPIANSULAR, LEAVE MPARM BLANK 
C 	 AND SET APARM EQUAL TO WIDTH 
C 	 AT ONE Fu01 DEPTH 
C 	 3=CTRCHLAR, LEAVE MPARM BLANK AND 
C 	 SET APARM EQUAL TO PIPE DIAMETER 
C 	 (SEGMENT SHOULD BE PRECLEDED 
C 	 PY A STORAGE SEGMENT WIIH THE 
C 	 OUTLET OF THE STORAGE SEGMENT IHE 
C 	 SAME AS INLET TO THE PIPE. 

CHANNEL SEGMENT NOT NEEDED FOR 
C 	 SHORT PIPES AS UNDER ROADS.) 
C 	 4=IpREGHLAR, FLOOD PLAIN AND 
C 	 CHANNEL FLuW DIFFERENT, APARM IS 
C 	 FOR CHANNEL CROSS-SECTION AREA. 
C 	 MPARM IS FUR WETTED PERIMETER 
C 	 OF THE CHANNEL 
C 	 (ALL UNITS IN FEET) 
C 
C 	www IF TYPE( ) = CHAN(22) ANP KIM( ) = 4 INPUT THE FOLLOWING 
C 
C(7) FRN.ART.wPP, 	 7F/1 .0 	mANNING'S N FUR RIGHT FLOOD PLAIN. 
C 	FNL.ALT.wPL.ACX 	 .ROSS-SECTION AREA RIGHT .•LOOU PLAIN. 
C 	 wETTED PERIMETER RIGHT FLuuu PLAIN. 
C 	 "ANNING'S N LEFT FLOOD PLAIN. 
C 	 CROSS-SECTION AREA LEFT FLOOD PLAIN. 

WETTED PERIMETER LEFT FLOoD PLAIN. 
C 	 EXTRA CROSS-SECTION AREA ABOVE 
C 	 CHANNEL MEN FLOW IN FLOOD PLAIN. 
C 	 (ALL UNITS IN FEET OR SQUARE FEET) 
C 
C 	 NOTE: RIGHT ANU LEFT LOOKING 
C 	 noWNSTREAM 
C 
C 	 NOTE: FOR CROSS-SECTION, PICK 
C 	 ANY FLOOD LEVEL SUCH THAT 

FLOW EQUALS ABOUT THE 
C 	 511-YEAH FLOOD UR DEPTH 
C 	 TN FLOOD PLAIN AT LEAST 
C 	 SEVERAL FEET OR ONE-HALF 

THE VERTICAL DISTANCE FROM 
C 	 CHANNEL BOfTOM TO THE TOP 
C 	 OF THE BANK. 
C 
C 	 XX 	 XX 

XX 	 XX 
C 	 XX 	I 	 I 	XX 
C 	 XX ALT 	I 	 ACX 	 I ART 	XX 

XX 	I 	 I 	XX 
C 	 XXXXXXXXX 	 XXXXXxxXX 

XY 	 XX WPR 
C 	 FNL 	'<X 	ACC/WARM) 	XX FNR 
C 	 XX 	 XX 
C 
	

Xx v X x XXXX X XXXX X XX X XX 
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C 
C 
C 
( 1 21 N.AREA( ) In/ 	NUNPrP OF VALuES(MAX.0). 

*** IF TYP'( 	= SIOR(33) ANn WI - 1 TNPuT THE FOLLOWING 

vonc("-PARm) 
c 	 P1C(rr( )) 
C 
C 

*** IF TyPr( ) 7 cIOR (33) IN PUT THE FOLLOWING INFORMATION 
C 
Cri/ 2T4. 	VOLIIMF AND ANLA UNITS 
• Cv( )rSX( ),T  2Fd.O. 	(CMIC rLLT ANN) SQUARE FLL_( = I, 

/4 	 ACnr-FrFI ANL ACRES = 2), 
TP'r urT rs Fuft SK ( SEC=1, 

C 	 MTM76(l, HOUW,=.5600)r 
jr( 	TH nk VU LLF I bLANK 

ArIn ACPIL, AS,UMLJ). 
c 	 MUcKINruM K AND X FOR CH.,NNEL 
C 	 ROUTINc-(AVAILAbLL FOR USL OUT 
C 	 NOT RFCoMMENoLD, THUS Lt.vE CARD 
C 	 BLANK FROM COLUMN 5 10 2:Ar 

SET I = 1 Fur( LXIRA OUTPLA ON 
STORAnr SEOMLNT(IF NUT W.JEL.) 

C 	 LEAVE COLUMN 2A HLANK). 
C 
• ** * Ti- rypFl ) = STek(33) ANO SK AND SK APF BLANK INPUT THL rOLLOwINu 
c. 
C(9) Kn,KL 	 2T4 	Kn=n, INPUT kLSEkVUIR VOLUMES 
C 	 Kfl71, INPUI RLURVOIR SURrACE 

AREAS AHD LLEVATIONs 
KF=rIr INPUT RESERVOIR OUIrLOwS 
KE=1, INPUT oISCkIPTiON ur 

C 	 OUTLET MARKS 
C 
C 	*** IF TYPr( ) - c10P(33) AND ETTHER Kn OR Kt = 1 INPUT FOLLOWING 
C 
(101 Kr ;ELFV( ) 	 IR/ 	NI1w1 FP OF VALU_S(MAX.20), 
C 	 (lUFF1 .2) 	WATrp cuRFACt. ELLVATIoNS(rEET). 

• *** IF TYP"( ) = 1OR(33) AND Ko T. 0 INPUT THE FOLLOWING 

(111 N..'0L( ) 	 IA/ 	NUMPEr OF VALUES(MAX.20). 
(10FP.2) RESERVOIR VOLUMES (FIRST 

C 	 VALUE "uST Bt. ZERO) 

C 	 (1uFR.2) FIPCFRVoTR sURFACt ARIAS 
C 

	

*** IF TYP - ( ) = STOR(33) ANfl Kr 	0 INPUT THE FOLLOWING 

(131 	) 	 IR/ 	NUMBFR f1F VALUES(MAX.20). 
C 	 110FR.21 	RESFQVoTk OU1FLOwS(CFS). 
C 
C 	 NOTr: K,N ANJ L FROM ABW.L CARDS 
C 	 ""(1ST bE THL SANE 

C 
C 	... IF TYPF( ) = SlOR1331 AND KF = 1 YNoliT THE FOLLOWING 

(14) JA 	 14 	NU"PFR OF OUTLET SIRULIURES 
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... 1(:0 1 T cuR 1 TO JA OUTLLT rTP(,rINRrc 

(15) DT,DLL,(15 1 ,JS2 

	

T4? 	TYPF OF oUTLEI 
3F8. 1   C 	 DT=1 FOR CIRCULAR PIPE 

C 	 JT=2 FOR bOx CULVERI 
C 	 JT=3 ELLIPTICAL PIPE 

DT=4 PFCTANL,ULAR BROAD-LRESTED wEIR 
C 	 JT=5 TRAPEZOIDAL ()ROAD-CRESTED WEIR 
C 	 DT=6 CIRCULAR DROP IIJLEI 

ELEVATION OF uASL OF OUTLLT(FEET), 
C 	 FOR JT = 1? e OR 3 
C 	 Jst = VERTICAL DIMENSION(FEET) 

JS ,  = HORIZONTAL DIMENSIoN(FEET) 
C 	 FOR JT = 4 
C 	 JS1 = wIDTH OF wEIR(FELT) 
C 	 JS2 = (LEAVE BLANK) 
C 	 FOR JT = 
C 	 JS1 = WIDTH AT CREST(FEEI) 
C 	 JS2 = ANGLE OF ONE SIDE IROM VERTICAL 
C 	 TN DEoREES 
C 	 (,J1 = U FOk TRIANGULAR) 
C 	 (JS2 = 0 FOR RECTANGULAR) 
C 	 FOR JT JT 

OTAMETER OF P1PE(FEET) 
C 	 JSR = (LEAVE BLANK) 
C 
C 

CND SEOMFNT LOOP WITH TYPF( ) = OUIT (99) 
C 
C 
(1o) OPT( ) 20I4 OUTPUT/INPUT OPTIONS 
C 	 NOTE; IF RUNuPT EQUALS 1 ONLY lb 
C 	 AND/OR 17 SHOULD BL SELECTED 
C 	 OR TUNS OF OUTPUT wiLL EE 
C 	 PRODUCED 

1 = PLOT.  NYDROGRAPHS ON PRINTER 
C 	 (rOR RUNUPT = 0 OR 
C 	 FOR SEGMLNTS IN OUPI LIST) 
C 	 2 = PFTNT DETAILED NYDRuuRAPHS 
C 	 (" 1 0T NELUED IF 1 SELECTED) 
C 	 3 = PRINT MAX.FLOWS, ALL POINTS 
C 	 (FOR RUNUPT = 0 OR 2 ►  

4 = PLOT HYDROGRAPHs ON (.ALCOMP 
C 	 5 = OUTPUT RAIN? RUNOFF VOLUMES 
C 	 (FOR RUNUPT = 0 ONLY AND 
C 	 FOP SEGMENTS IN DUPI LIST) 
C 	 6 = OUTPUT MAXINIUM STORAuE 
C 	 (FOR RUNUPT = 0 OR 2) 
C 	 8 = CHANGE OLTKR, S1RKR, APARM ANU 
C •mpARIA(Fuk RUNOPI = U ONLY) 
C 	 9 = PRINT PLAKS, SELECTED POINTS 
C 	 (FOR RUNUPT = 0 OR e 
C 	 FOR SEGMENTS IN OUPI LIST? 
C 	 NOT NEEDED IF 3 SELLETED) 
C 	 14 = INFLOwpooTFLOwpSTORAoE TABLES 

(FOR RUNUPT = 0 OR 4 
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C 	 Fon :-.,LGmLNT ., IN OUPI LIST) 

C 	 16 = LTCT ALL PEAKS FROM ,UNOFF FILE 
(FOR RUNuPT = 1 ONLY ) 

C 	 17 = PRINi STAQE-OISLHAR., TABLES 
(FOR RUNUNT = 1 ONLY) 

C 	 18 = CO"PARE u1SH Al TV,v POINTS 
C 	 (FOR RUNOPT = 0 ONLY) 
C 	 19 = OUTPUT uISCHARGL AT LAST PT 

(FOR RUNuPT = 0 ONLY) 
C 	 (WRITTEN uN FILL 101 

20 = INPUT FROM PREVIOUS sIM. 
(FOR RUNoPT = 0 ONLY) 

C 
C 
(1 7) OWT( ) 	 2014 	SE GwENT  NUMbLRS OUTPUT licJIRLO 
C 	 (IF MOPE THAN 20 OESIRED.PUT 555:, 

IN r7OLWINS 77 THRU ,BU ANL, THE 
C 	 AD)1ITIoNAL SL6MENTS NUM(3LRS ON The 
C 	 NEXT CARD. IF OUTPUT IS uLSIRFO OH 
C 	 ALL SEG"ENTS LODE 9999 II) 1 THRU 4.) 
C 

IF OUl'UT/DIPUI o 0 TION 4 SELECTED, TrorpUr TILL FuLLO*ING LARD 
C 
110) FACT.LUFV1 	 F4.0rI4• SCALE FACTUR(USUALLY 1.0 rOR A 
C 	-1(")(05P(1 	 F4.004 	10 INCH PLOT),L00ICAL UNII NUM3EH 
C 	TFACT 	 (ANY N""oLH 1 TO 100),MAA,MUM 

PLOT TIME. IN i11NUTLS, SPL,IAL 

C 	 PEN OP PAPLR uPTIONS(LEAvL 9LANK 
C 	 OR RFFFP TO LALCUMP PLOTILR 

C 	 MANNALlISCALL FACTOR ON liME AAIS 

C 	 (IF r)LANKr1.0 ASSUMEu). 
C 
C 	*** IF OHTPOT/IPHI ()PITON 8 SELErTED, INPUT THL FULLOwING 

C 
(19) 01.1- KKFSTRKr, 	 14Fd.0 	RFPLACFMLNT VALUES FortPLRVIOUS 

C 	AP ■ RM.PAR" 	 ARFA uEC-1 PARAMLTLRS 0LINR AND 
C 	 STRwR Ic NON-LLRU. RLPLA.,LMENT 
C 	 VALUES FOR APARM AND APA,,m IF 
C 	 NON-7Fro 

C 
INpuT nRECIPITATION DA FA IF R"NOPT = 0 

C 
(NI) l'•TS.INCOSTRT 	 3I4 	FOR"AT CODE NUM3LR(1 UR z)r(SFr 

Fun uLFAULT 10-YL,,k STORM 
C 	 OR IF"TS=4 FOB( DEFAULT lou-YLAR 
C 	 STORM). TIME STEP(SAmE UN,TS AS 
C 	 DELT Aran MUSE uIVIDE EVENLY INTO 
C 	 DELT). 
C 	 STARTING T1ML INCRLMLNT(,-12) UN 
C 	 FIRST FDLcIP LARu IF OTH,_k THAN 

C 	 FI PST VALUE. OIHEI6q1SL LL.vL BLANK 

C 	*I, * IF IF"TS = 1 INPUT F0LLOYPIG CART 

C 
(21) H ()STAtiMpTh 	 I 6 ,51 .3 . 	STATION NUmidE.YLAR.muNTI.FUAY, 

0^fOiRomMtl"C, 	 FU.1. 	HoN 17 0 , THuittlimE 
C 	API;A( ) 	 12):5.' 	12 PRECIPITATION INCREMENIS. 
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NOTE: IAST CARD MUST NAVE 99 IN 
roL(mN 9+10 ANU NU LiArA. 

C 
C 	*** IF IF"IS = 2 INPUT FOLLOWING CARL 
C 
122) NUS1A.TI.TY.YR, 	A6r2I/. 	STATION IDEN1IFICATTUN. IIME 
C 	No.DAYrYPtARRAI ) 	2Y.41.2 . 	INCREmENT.COUE TYPE(I=P.=SF). 
C 	 12F5. 1 	YEAP,m0IITH.DAY,HOUR.12 RAINFALL 
C 	 VALUES. 
C. 	 NOTE: LAST CARD MUST HAVE 99 IN 
C 	 COLUMNS 15+16 AND NU DATA. 
C 
C 	*,* IF Ir , •TS = 3, 1n—YEAP srAcim AssImmEr (Nor AVAILABLE) 
C 
C 	*** IF 	= 4. 100—YEAR STORM ASSNMNED (NOT AVAILABLE) 
C 
C 	*.* INPUT STREAFFLOW DATA IF WINnPT = n 
C 
(23) NII,LFMTSONC, 	 2014 	NUNDER OF FLOolPOINTS(SEGmENTS) 
C 	ISINI,Ncn( ) 	 WITH MEASUREJ UISCHARGE(mAA.=5). 
C 	 FOP'AT CODE NUMBER. IIME LaTEP 
C 	 FOR DATA(sAmc UNITS AS DL-T ANU 
C 	 MUST DIVIDE EVENLY INTO JLLT). 
C 	 STARTING TIME INCREMENT(z-12) ON 
C 	 FIRST STREAMFLOW CARu IF JTHER 
C 	 THAN FIRST VALUE OTHERWISE LEAVE 
C 	 BLANK. 

FLOWPOINT(SE( ENT) NUMBEIC.). 
C 
C 	 NOTE: IF NO MEASURED FLOw THIS 
C 	 CAP') SPOULD bE BLANK 
C 
C 	*A.( IF NN" IT 1 AND IFMTS 	INPUT MEASURED DISCHARuE 
C 
(4) NOSTA,SF( 	) 	 STATION NUMBER. DISCHARGE DATA 
C 	 121-6.n 	FOP EACH STATION FOR TOT.. L TIME 
C 	 AND TINE INCREMENT SPECIrIED IN 
C 	 INPUT CARD NUMBER 2. 
C 

*** IF Nu" GT 1 AND IFMTC = Pt INPUT MEASURED DISCHARGE 
C 
(:"Li) 	NqSTArTI,Ty.YR. 	A(+t2I 2 , 
C 	mOtUAY ► HP,ARRAl ) 	2X041 9 . 

C 1P 5.' 
C 
C 
C 
C 
C 
(2o) V.NNINE( ) 2014 1/0 FILE NUMuERt NUMBER Jr 
C 	 INFLOW ARRAYS. NUMBERS Or 
C 	 THE FLOwPOINTs (SEGMENTS) 
C 	 FOR CONPARISON 
C 
(27) SE( 	) 	 20)( 	NU ARRAYS OF INFLOW UATA rOR 

TIME DETERMINED FROM CARu 2. 
C 

STATION IDEN1IFICATION. ILME 
INCPENENI,COOL TYPE(1=P.2=SF), 
YEAP,M0NTH2OHY.HUUR, 
12 STPFAMFLOW VALUES. 

*** IF ouTnuT/INpUl OPTION 20 SELECTED. INPUT FULLUWING CARJS. 
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C 
*** IF oHT'uf/1'P1 1 ( OPTIOt 	SFLT- CIFo, im)'UT FVLLUwINu CARos. 

C 
(20) N;:mP, (N1( 1,W()) 	2014 	NOmn7P OF PAIRS OF SLOMEDiS 
C 	 TO 1:1F PLOTTED ON SAME PLoT, 
C 	 SUWFMT NUMuLRS. FIRST oEGMF7NT 
C 	 PLOTTFn WITH *, SECOND oiTH 0. 

C 
C **a* IF OPTIONS 20 ANn 4 CLLFrTFOr INPUT THE FOLLOWING CARD **** 
C 

IN7oA( )' 	 6,400ore 	INFORMATION FuR CALCuMP u CURREN 
) 	 F%.0 	simuLATToN, IIJFONMATIUN 

C 	 PREVIOUS SIMULATION 
C 

**k IF PUMnpT = 0 THEN 
C 
C 	 CONTRoi 1FTHRHS TO FIPST TNPUT CARP TO START ANOTHER 
C 	 SIMULATION. Tu END PHN PINCH 999990 IN COLUMNS 1 THRU u. 
C 
C 	**. IF PVIVT = I THEN INPUT FOLLOWIMP For? EACH SEGMENT IN oUPT() LIST 
C 
(30) U.K. 	 7T4/ 	SEG ',ENT NUMULR, NUMBLR Or VALUES' 
C 	ur ,jru( ) 	 i0F8.n 	DICCHAPC,E VALULS(CFS) 
(7 
(31) J.Kr 	 214/ 	SEGMENT NUMBLR, NUMBLR Or VALUES, 

STAGL1 ) 	 10FA.n 	STAGE(FLEVATION) VALUES(rLET). 
C 
C 
	

*** IF PU 'PT = 2 THN INPUT TFIF rOLLOWP°G 
C 
(32) IlrI2rI3 	 3I4 	YEAR, MONTH, DAY OF STOR,I FROM 
C 	 RUNOFF FILL fU BL SIMULAILL). 
C 	 NOTF: ANY NUmDER OF STOR,, 
C 	 (ONE PER CARD). NU ADDITIONAL 
C 	 CARUS LIDS SIMULATioN 
C 	 OR Il AND 12 = 99 RLFURNS 

CONTROL TO FIRST CARD. 
C 
C 
C 
C 
C 
C 
C 
C 
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Computer System Control Cards  

The DeKalb Runoff Model has been used on the Univac 1108 with Exec 8 

control language and on an IBM 360/40 - DOS. The necessary control cards 

for each system are described below. 

Univac 1108 

To make a simulation with RUNOPT equal to 0, the following cards are 

required: 

@RUN IIIIII,NNNNNNNN,AAAAA 
@PWRD XXXXXX 
@ASG,AX CE*DEKALB 
@XQT CE*DEKALB.UROS4 

(data card input) 

@FIN 

where, 

IIIIII = run identification (bin number and/or initials) 
NNNNNNNN = project number 
AAAAA = user name 
XXXXXX = user passwork 

To make a simulation with RUNOPT equal to 1 with all four runoff files, 

the following cards are required. 

@RUN IIIIII, NNNNNNNN,AAAAA,TT,PPP 
@PWRD XXXXXX 
@ASG,AX CE*DEKALB 
@ASG,AX CE*ROFQSOIL1 
@ASG,AX CE*ROFQSOIL2 
@ASG,AX CE*ROFQSOIL3 
@ASG,AX CE*ROFQSOIL4 
@USE 15,CE*ROFQSOIL1 
@USE 16,CE*ROFQSOIL2 
@USE 17, CE*ROFQSOIL3 
@USE 18,CE*ROFQSOIL4 
@ASG,T TEMP,F 
@USE 9,TEMP 
@XQT CE*DEKALB.UROS4 

(input data) 

@FIN 

where 

TT = maximum time allowed for the run 
PPP = maximum pages allowed for the run 

Q = time increment for run (1 min., 5 min, or 15 min) 
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To make a simulation with RUNOPT equal to 2, eliminate the following 

two cards from the above sequence: 

@ASG,T TEMP,F 
@USE 9, TEMP 

To make a simulation with less than four runoff files, eliminate the 

@ASG and @USE for the files not needed. However, the numbering on the 

@USE cards must begin with 15 and be sequential. Thus, to make a simulation 

with RUNOPT equal to 2 with two 5-minute runoff files for soil 2 and soil 4, 

the following cards are required, 

@RUN IIIIII,NNNNNNNN,AAAAA,TT,PPP 
@PWRD XXXXXX 
@ASG,AX CE*DEKALB 
@ASG,AX CE*ROF5SOIL2 
@ASG,AX CE*ROF5SOIL4 
@USE,15,CE*ROF5SOIL2 
@USE,16,CE*ROF5SOIL4 
@XQT CE*DEKALB.UROS4 

(data card input) 

@FIN 

IBM 360-40  

To make a simulation with RUNOPT equal to 0, the following cards 

are required: 

//JOB RBRBRBRB 1 HYDROLOGICAL SIMULATION 
// EXEC HYDROL 

(data card input) 

To make a simulation with RUNOPT equal to 1 with all four runoff 

files, 

// 

the following cards are required: 

JOB RBRBRBRB 1 HYDROLOGICAL SIMULATION 
// ASSGN SYS008,X'180' 
// ASSGN SYS009,X'181' 
// ASSGN SYS010,X'182' 
// ASSGN SYSO11,X'183' 
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// LBLTYP TAPE 
// TLBL IJSYS08 
// TLBL IJSYS09 
// TLBL IJSYS10 
// TLBL IJSYS11 
// ASSGN SYS006,X'184' 
// TLBL IJSYS06 
// EXEC HYDROL 

(data card input) 

To make a simulation with RUNOPT equal to 2, eliminate the following 

two cards from the above sequence: 

// ASSGN SYS006,X'184' 
// TLBL IJSYS06 

To make a simulation with less than four runoff files, eliminate 

the // ASSGN and // TLBL for the files not needed. However, the number-

ing on the ASSGN cards must begin with SYS008 and be sequential. 

Thus, to make a simulation with RUNOPT equal to 2 with two runoff files 

the following cards are required, 

// JOB RBRBRBRB 1 HYDROLOGICAL SIMULATION 
// ASSGN SYS008,X'180' 
// ASSGN SYS009,X 1 181 1 

 // LBLTYP TAPE 
// TLBL IJSY08 
// TLBL IJSYS09 
// ASSGN SYS006,X 1 182' 
// TLBL IJSYS06 
// EXEC HYDROL 

(data card input) 

With the job control cards for the IBM, the names of the runoff files 

must be listed on a note to the operator so that he will mount the proper 

tapes. 

137 



SECTION 5 

Sample Simulations 

Introduction. As discussed at the end of the Section 3 several types of 

simulation runs can be made. This section will illustrate the input and out-

put of four separate runs on Wild Creek. The first example uses the existing 

conditions of the watershed and four storms from the runoff file and the 

second example uses the entire runoff file for a frequency analysis. The 

third example also uses the entire runoff file for a frequency analysis ex-

cept that a detention storage structure has been added. The fourth example 

illustrates the simulation of a storm event with precipitation and infiltra-

tion parameters as added input. 

Description of Wild Creek. The examples were taken from a study of Wild 

Creek using UROS4. Wild Creek is in the west central portion of DeKalb County 

within an area bounded by LaVista, Briarcliff and North Druid Hills Roads and 

1-85. Wild Creek flows generally to the west and empties into North Fork 

Peachtree Creek near the 1-85 interchange with Cheshire Bridge Road. 

The downstream point of the study was approximately 1000 feet from the 

outlet to North Fork Peachtree Creek at the driveway leading to Lanier Elec-

tronics off Chantilly Road. The area of the watershed above the driveway is 

240 acres and almost entirely residential. Slopes of the upstream channels 

and hillside are quite steep. Numerous roads and driveways cross the stream 

channels 

Figure 27 shows an outline of the Wild Creek drainage area and each sub-

area and channel segment. The schematic diagram on Figure 28 shows the link-

age of the segments including all the storage segments that were used in the 

example 3 simulation run. Storage segment 21, however, was not included in 

example runs 1, 2 and 4. 

138 



SW Id 13 

\N 	
SW is 

417 

5..e•••• 
Ay  

oViowl• owl ...go me ow. moo ow 

SW 414 

rAlo•od 	Re 

...ID 70. 

S W 4  If 	 SW al 	 0 
I 

SV/ 43 ",,....41,y, ze 
 

..41 	N4 	••-■.____ 
49 	%.. 	 R4t?-..____V..... 

sw 49 	1 	,,?,,, 

-i.'" 	
\ 5W 1, 7 

SW 46 	 / 	
I 

/ •••.4.  sw43 
%. 	 / 

	

I 	1 sw 
\.4,..  .. , 8  / 

	

4„, 	
% k 8 	ite, 	 14%,„../ SW2 i 

	

■ 	 % % 	 ••• ••■■• 

	

.1 	..... 

	

S V./ h5 	%  
oft„ ..ic ... ••• 	.. 

WILD RE.E A WATERSHED 

dm■mm. 	 e. • • k • Ito 13 	 
•■■• --•.••-••••••• 6••••••••e.  

• t - 	 en R••• ■•■ 

S 	 ....,••••,•• ■■■ • 

5 \.,/ 	1 

    

Figure 27. Map of Wild Creek Watershed 

L. 

•••■• NMI ONIII 

•• 

139 



2.3 

/Q
0

nyK 
 SY\ 

31 	 a,  
300

i 	/3 
  	

33 
-1 • 0 .) 

L 

90 	7•  

19 

z 

7. E-0 

3 	24 1 
1 	 \ 	Z 5.o0 ) 	700 

, 
/ 	0., • , 

4 SellwATERSME0 gunge R 

B 	DRAINAGE AREA (ACRES) 

C. 	'To or AREA IMPEILVIEQS 

REACH NtemeER 
5 	REftem LEN4IN (FEET) 

F STeRAGE Nurldie. 
NAmf oft LOcorroso 

Figure Figure 28. Schematic Diagram of Wild Creek 

140 



Input Data.  Input data for the four simulation runs are listed in 

Tables 34 through 37. The only change from the first run to the second is 

with the first line and the lines following the line for QUIT segment 38. 

In going from the second to the third run, the only change was the addition 

of storage segment 21. Input data for the fourth run is similar to the first 

run except the first card and the last several cards following the output 

option card. 

Output.  The number of pages of output generated from the input data 

listed on Tables 34 to 37 is: 

Example Run 1 - 22 pages 

Example Run 2 - 66 pages 

Example Run 3 - 68 pages 

Example Run 4 - 14 pages 

The first six pages of output is almost identical for all four example 

runs and is a summary of the input data describing the segments of the 

watershed. Tables 38 through 40 show the output from example run 3. Table 

41 shows the peak flow table from example run 1 for all segments for the 

March 12, 1920, storm on the runoff file. Output option 3 gives the peak 

flow table. Figure 29 shows the flood hydrograph plotted on the printout 

for segment 35 from example run 4. 

When the entire runoff file is used for a frequency analysis, example 

runs 2 and 3, additional output is received. Table 42 lists some of the 

warning messages received when the maximum flow was on the rising limb of 

the hydrograph at the last time step for the storm. The message can be 

ignored if the storm for the given date was not close to the maximum for 

the water year. This can be checked with the results from output option 

16 as shown on Table 43. Table 44 is a sample of the output from option 

17 for example run 4. Tables 45 and 46 show the flood frequency tables for 
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Table 34. Input Data for Example Run 1 

WILD CREEK - STORAGE DEVICE AT 25 
36300. 	5.0 
l 	11 	24 
38.3 .73 .22 

e 	11 	20 
7.5 .25 .75 
11 	22 

25.0 .88 .12 
5 	11 	29 

8.9 .8U .20 
0 	11 	30 
17.0 .8U .20 

7 	11 	28 
14.7 .80 .20 

8 	11 	25 
12.2 .85 .15 

9 	11 	28 
19.4 .8u .2U 

11 	11 	33 
14.3 .75 .25 

1.) 	11 	18 
26.5 .8u .20 

14 	11 	18 
26.5 .80 .20 

lb 	11 	35 
22.4 .75 .25 

17 	11 	35 
7.8 .92 .08 

10 	22 	19 
4 	600.0 	.0285 .050 3n. 14.83 

.08 	90. 	60. .08 72. 48. 36. 
19 	33 	35 
2 
1 	1 

8 
02801 	8290 	830.0 831.0 832.0 833.0 834.0 835.0 

8 
0.0 	.074 	.294 .413 .574 .792 1.004 1.24U 

1 	828.0 	3.0 3.0 
5 	834.0 	30.0 

2u 	22 	22 
4 	900.0 	.0611 .n5 11.A1 10.1 

.08 	88.6 	26.06 .08 143. 38.55 53.63 
22 	22 	23 

4 	700.0 	.0143 .05 11.81 10.1 
.08 	88.6 	26.06 .08 141. 38.55 53.63 

2J 	33 	28 

1 	1 
8 

045.0 	846.0 	847.0 848.0 849.0 850.0 851.0 852.0 
8 

0.0 	.009 	.021 .037 .057 .083 .113 .180 
2 

2. 
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Table 34. (Cont'd) 

J 	845.0 2.0 3.0 
5 	850.0 30.0 

24 	22 25 
4 700.0 .0807 050 44.8 19.48 

.08 27. 18.25 .08 36. 24.08 48. 
25 	33 27 

1 
1 

13 
03E3.0 837.E 838.0 839.0 840.0 841.0 842.0 843.0 844.0 845.0 
o48.0 847.n 848.0 

13 
0.0 .006 .028 .050 .077 .107 .141 .222 .342 .434 
.550 .65n .75u 

13 
0.n 5.P 10.0 14.0 16.9 19.8 22.o 24.6 109.1 207.6 

223.6 239.6 345.5 
21 	22 28 

3 200.0 .0500 .025 4.5 
20 	22 32 

4 1200.n .0167 .050 3 0 . 14.83 
.03 90. 60. .08 72. 48. 36. 

2' 	22 30 
4 900.n .0500 .05 11. 8 1 10.1 

.08 88.6 26.06 ,08 141. 38.55 53.63 
3u 	33 31 
4 
1 	1 

in 
843.0 834.0 835.0 836.0 P37.n 838.0 839.0 840.0 841.0 842.0 

10 
0.0 	.014 	.041 .083 .126 .179 .249 .331 .434 .551 

4 
i 	833.0 	3.0 3.0 

841.0 	30.0 
3i 	22 	32 

4 	300.0 	.0500 .050 31. 17. 
9n. 	60. .08 34.5 23.19 42. 

32 	33 	33 
2 
1 	1 

11 
bib.0 	817.0 	818.0 819.0 820.0 821.0 822.0 823.0 824.0 825.0 
u26.0 

11 
0.0 	.012 	.028 .057 .092 .207 .321 .43o .551 .689 

.861 
4 

2 	816.0 	3.0 8.0 
825.0 	20.0 

3.:) 	22 	35 
4 	400.0 	.0039 .050 3 1 . 17. 

.08 	90. 	60. . 0 8 34.5 23.19 42. 
35 	22 	36 

4 	900.0 	.0039 .050 3 1 . 17. 
.08 	90. 	60. .08 34.5 23.19 42. 

3o 	33 	37 
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Table 34. 	(Cont'd) 

2 
i 	1 

14 
010.0 	611.1 	812.0 613.0 814.0 815.0 616.4.1 617.0 818.0 819.0 
020.0 	821.0 	822.0 823.0 

14 
0.0 	.022 	.055 .105 .08 .285 .386 .514 .882 1.322 

i.837 	2.47n 	3.214 3.786 
4 
3 	810.0 	4.0 3.0 
J 	610.0 	4.0 3.0 
J 	810.0 	4.0 3.0 
6 	822.0 	50.0 

3/ 	22 	38 
4 	50.0 	.0039 .050 33. 17. 

.06 	90. 	60. .06 14.5 23.19 42. 
30 	09 
i 	3 	6 

25 	26 	35 
2U 	3 	12 
20 	7 	10 
3.) 	6 	10 
99 	n9 

999999'199 
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Table 35. 	Input Data for Example Run 2 

WILD CREEK - STORAGE DEVICE AT 2 5 
36300. 	5.0 
1 	11 	24 
38.3 

2 	11 	20 
.78 .22 

7.5 
3 	11 	22 

.25 .75 

25.0 
5 	11 	29 

.88 .1? 

8.9 
6 	11 	30 

.80 .20 

17.0 
7 	11 	28 

.80 .20 

14.7 
8 	11 	25 

.80 .20 

12.2 
9 	11 	28 

.85 .15 

19.4 
11 	11 	33 

.80 .20 

14.3 
13 	11 	18 

.75 .25 

26.5 
14 	11 	18 

.80 .20 

26.5 
15 	11 	35 

.80 .20 

22.4 
17 	11 	35 

.76 .25 

7.8 
18 	22 	19 

.92 .08 

4 	600.0 	.0285 .050 3n. 14.83 
.08 	90. 	60. .08 72. 48. 36. 

19 	33 	35 
2 
1 	1 

8 
828.0 	829.n 	830.0 831.0 832.0 833.0 834.0 835.0 

8 
0.0 	.074 	.294 .413 .574 .792 1.004 1.240 

2 
1 	828.0 	3.0 3.0 
5 	834.0 	30.0 

2u 	22 	22 
4 	900.n 	.0611 .05 11.A1 10.1 

.08 	88.6 	26.06 .08 14 1 . 38.55 53.63 
22 	22 	23 

4 	700.0 	.0143 .05 11.81 10.1 
.08 	88.6 	26.06 .08 143. 38.55 53.63 

23 	33 	28 
2 
1 	1 

A 
845.0 	846.n 	847.0 848.0 849.0 850.0 851.0 852.0 

8 
0.0 	.000 	.021 .037 .057 .083 .113 .186 

2 
3 	845.0 	2.0 3.0 
5 	850.0 	30.0 

24 	22 	25 
4 	700.n 	.0807 .050 44.8 19.48 

.08 	27. 	18.25 .08 36. 24.08 48. 

1. 
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Table 35. 

25 	33 	27 
2 

13 

(Cont'd) 

1 

836.0 	837.0 	838.0 839.0 8 4 0.0 8 4 1.0 642.0 843.0 844.n 845.0 
846.0 	847.0 	848.0 

13 
0.0 	.006 	.028 .050 .077 .107 .141 .222 .342 .434 
.550 	.650 	.750 

13 
0.0 	5.8 	10.0 14.0 16.9 19.6 22.o 24.b 109.1 207.6 

223.6 	239.6 	345.5 
27 	22 	28 

3 	200.0 	.0500 .025 4.5 
28 	22 	32 

4 	1200.0 	.0167 .05u 3n. 14.83 
.08 	90. 	60. .n8 77. 48. 36. 

29 	22 	30 
4 	900.n 	.0500 .05 11. 01 1 10.1 

.08 	88.6 	26.06 .08 14A. 38.55 53.63 
30 	33 	31 
2 
1 	1 

in 
833.0 	834.0 	835.0 836.0 837.n 838.n 839.0 840.0 841.0 842.0 

In 
0.n 	.014 	.041 .0 83 .1 26 .179 .249 .331 .43u .551 

2 
1 	833.0 	3.0 3.0 
5 	841.0 	30.0 

31 	22 	32 
4 	300.0 	.0500 .050 31. 17. 

.08 	90. 	6n. .08 34.5 23.19 42. 
32 	33 	33 

2 
1 

11 
616.0 	817.n 	818.0 819.0 820.0 821.0 822.0 623.0 824.n 825.0 
826.0 

11 
0.0 	.012 	.028 .057 .0f,2 .207 .321 .436 .551 .689 
.861 

2 
2 	816.0 	3.0 8.0 
5 	825.0 	20.0 

33 	22 	35 
4 	400.0 	.0039 .050 3 1 . 17. 

.08 	90. 	60. .08 34.5 23.19 42. 
35 	22 	36 

4 	900.0 	.0039 .050 3 1 . 17. 
.08 	90. 	60. .08 34.5 23.19 42. 

36 	33 	37 
2 
1 	1 

14 
810.0 	811.0 	812.0 813.0 814.0 815.0 816.0 817.0 818.n 819.0 
820.0 	821.0 	822.0 823.0 

14 
0.0 	.022 	.055 .105 .1°8 .285 .386 .514 .882 1.322 

1.837 	2.479 	3.214 3.788 
4 
3 	810.0 	4.0 3.0 
3 	810.0 	4.0 3.0 
3 	810.0 	4.0 3.0 
5 	822.0 	50.0 

37 	22 	38 
4 	50.n 	.0039 .050 3 1 . 17. 

.08 	90. 	60. .08 34.5 23.19 42. 
38 	99 
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16 	17 
18 	19 
la 	3 

0.0 
la 	3 

0.0 
19 	5 

0.0 
19 	5 

Table 35. 

20 	22 	23 	24 

	

1.n 	2.0 

	

1.0 	2.0 

	

32.8 	56.7 

(Cont'd) 

25 	27 	28 	79 

	

79.2 	184.0 

30 	31 32 	33 35 	30 

028.0 830.0 832.0 834.0 835.0 
20 	3 

0.0 1.0 2.0 
20 	3 

0.0 1.n 2.0 
22 	3 

0.0 1.n 2.0 
22 	3 

0.0 1.0 2.0 
23 	8 

0.0 13.4 76.7 32.8 43.1 49.9 153.0 335.9 
23 	8 
045.0 846.n 847.0 848.0 849.0 850.0 051.0 852.0 

24 	3 
0.0 1.n 2.0 

24 	3 
0.0 1.n 2.0 

25 	7 
0.0 10.0 16.9 22.8 24.6 109.1 223.6 345.5 

25 	7 
836.0 838.0 840.0 842.0 843.0 844.0 846.0 848.0 

27 	3 
0.0 1.n 2.0 

21 	3 
0.0 1.0 2.0 

28 	8 
0.0 25.n 50.0 100.0 200.0 300.0 400.0 500.0 

28 	8 
0.0 0.Q 1.3 1.9 2.8 3.5 4.0 4.3 

29 	3 
0.0 1.0 2.0 

29 	3 
0.0 1.n 2.0 

30 	4 
0.0 49.1 79.2 200.3 

30 	4 
033.0 836.0 819.0 842.0 

31 	3 
0.0 1.0 2.0 

31 	3 
0.0 1.0 2.0 

32 	6 
0.0 111.7 192.0 268.9 325.0 444.0 

32 	6 
010.0 818.n 820.0 822.0 874.0 826.0 

33 	3 
0.0 1.n 2.0 

33 	3 
0.0 1.n 2.0 

35 
0.0 25.0 50.0 100.0 200.0 400.0 600.0 800.0 

35 	8 
0.0 3.4 4.5 5.6 6.5 7.4 7.9 8.4 

36 	7 
0.0 113.5 276.9 277.9 365.9 423.3 479.5 

36 	7 
810.0 812.0 814.0 816.0 818.0 820.0 822.0 

37 	3 
0.0 1.n 2.0 

37 	3 
0.0 1.0 2.0 

37 
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Table 36. Input Data for Example Run 3 

WILD CREEK - STORAGE DEVICE AT 71 Awl 25 
38300. 	5.0 

1 	11 	24 
38.3 .78 .2? 

2 	11 	20 
7.5 .25 .75 

3 	11 	21 
25.0 .88 .12 

5 	11 	29 

• • 	• 

(Same as in Table 35) 

• • 	• 

7.8 .92 .08 

18 	22 	19 
4 	600.0 	.n285 	.050 3n. 14.83 

.08 	90. 	60. 	.na 72. 46. 36. 
19 	33 	35 

2 
1 	1 

8 
028.0 	829.n 	830.0 	831.0 832.0 633.0 834.0 835.n 

8 
0.0 	.07A 	.294 	.413 .574 .792 1.004 1.241) 

2 
1 	828.0 	3.0 	3.0 
5 	834.0 	30.0 

20 	22 	21 
4 	900.0 	.06I1 11.A1 10.1 

.08 	88.6 	26.06 	.08 141. 38.55 53.63 
21 	33 	22 

2 	 1 
1 	1 

9 
853.0 	854.n 	855.0 	856.0 857.0 858.0 859.0 860.0 861.0 

9 
0.0 	.02n 	.080 	.151 .2 57 .382 .530 .717 .932 

3 
1 	853.0 	1.5 	1.5 
4 	859.0 	20.0 
4 	860.0 	250.0 

22 	22 	23 
4 	700.0 	.0143 	.05 11.81 10.1 

.08 	88.6 	26.06 	.08 143. 3e.55 53.63 
23 	33 	28 

2 

. . . 

(Same as in Table 35) 

• • • 

1. 
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Table 37. 	Input Data for Example Run 4 

vI1C 	CREEK 	• 	STORAGE 	DEVICE 	AT 	25 
38100 	5 	0 

1 	11 	4 
38 	 0,18 	3,0 	0,5 2 	Ti1 	20 
7 	 0,18 	3,0 	0.5 3 	Ti1 	22 

	

5 25,0 
	

29 	
0,18 	3,0 	0,5 11  

	

8,9 	 0,18 	3,0 	0.5 6 	11 	30 

	

7 17.00 	 0,18 	3,0 	0.5 

	

1411 
7 	

25 

28 

8 	

11 

	

0,18 	3.0 	0,5 

	

9 12,2 
	

28 	
0,18 	3.0 	0,5 

11  

	

19,4 	 0.18 	3,0 	0,5 11 	11 	33 

	

14.3 	 0,18 	3.0 	0.5 
13 	11 	18 

	

141  
26,5 	

18 	
0,18 	3,0 	0,5 1  

	

26,5 	 0,18 	3,0 	0.5 15 22 1 	35 

	

0,18 	3,0 	0.5 17 	11 	35 
7 	8 	 0,18 	3,0 	0,5 

18 	2 	19 

	

4 	600 	0 	.0285 	,050 	30 	
14 418 3  88. 	36, 

19 	
,
33 	35 
n8 	98, 	60, 	.08 	72

,
. 

2 
1 	1 

8 

	

828.0 	829,0 	830,0 	831,0 	832.0 	833,0 	834.0 
8 

2 	0,0 	.074 	.294 	,413 	.574 	,792 	1,004 

1 	8280 
834 	0 	

3,0 
3 0.0 	

3,0 

20 	22 	2 

	

4 	9 00.0 
88.6 
	0611 
	

.05 	11 	81 

	

.08 	 ,08 	1413, 	36,5 	53,63 
22 	22 	23 

	

4 	700.0 

	

.08 	88,6 	
.0143 	

,0S 
	11.81 

	

.08 	143, 	3P,1; 	53,63 
?3 	33 	28 
2 
1 	a 

	

8453 	846.0 	847,0 	848,0 	849,0 	850.0 	851.0 

	

0,0 	.009 	.021 	.037 	,057 	.083 	013 
2 
3 	8 45.0 
5 	850,0 	300  

2.0 	3,0 
• 

24 	P2 	25 

	

4 
	

700 	0 

	

1g8ig 	
.050 	

4 

	

X  33 	27 	
2f. 
	

.08 	1 	8  g 
	19,48 
	48. 

2 	 1 
1 

13 

	

836.0 	837.0 	838,0 	839,0 	840,0 	841,0 	842,0 
846 	0 	847.0 	848,0 

13 
0 	0 	006 	 .050 	,077 	.107 	,141 

	

.5;0 	.650 	.

0

750  
13 

	

0.0 	5.8 	14

750  

	

.Q 	14,0 	16.9 	19,8 	22.6 

	

23.6 	239.6 	345.5 
27 	22 	28 

3 	2 	.0500 	.025 	4,5 
28 	22 	

300,0
2 

4 	1200,.0 	.0167 	0)50 	30, 	14 	83 
.re 	0 	60, 	,08 	72, 	he, 	36, 

29 	22 	30 	
9 

 

	

4 	900,0 	 11. 8 1 

	

g5gg 	.5 ,08 	 ,08 	143. 	3P.4 	53,63 
30 	33 	

3188,6 
 

2 
1 	1 

10 

1,5 

1.5 

1.5 

1,5 

1,5 

1.5 

1.5 

1.5 

1.5 

1.5 

1,5 

1.5 

1.5 

835.0 

1,240 

852.0 

,186 

843,0 

.222 

24.6 

,22 

,75 

.12 

.20 

,20 

,2o 

.15 

.20 

,25 

. 2 0 

.20 

.25 

.08 

844,0 

,342 

109.1 

0, 

845,0 

,434 

207,6 
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2 

5 M e g 
31 22 !? 

	

4 	300,0 

32 

	

,
33 33 
08 	90. 

2 

	

816,0 	817.0 
86,0 

11 

	

0.0 	,012 

2'
86 

	

2 	816,0 

	

5 	825.0 

	

33 	22 	35 

	

.08 	
36 	

98. 

	

4 	400 	0 

22 35 

	

4 	90 	0 
98, 

	

36 	370 

	

6 	3 

	

1 	i l 

3,0  
30,0 

3.0 

.0500 ,050 
60, ,08 

818,0 819,0 

	

,028 	,057 

3,0 	8,0 
20,0 

.0039 050 

	

60. 	
$ 
.08 

.0
6
03 

	

0, 	•11,;8 
9 

833.0 	834,0 	835,0 	836,0 
10 

0.0 	014 	,041 	.083 

elg: (0) 	gii:F 	812,0 	M:8 

4 
1.

0,
87 

14 

2,4
0 	.022 

79 
5 

3,2 
. 05

4 1 

3 810,0 4,0 
3 810,0 4,0 
3 810.0 4,0 
5 8220 50,0 

37 2? 	38 
4 50 	0 ,0039 

38 
*
99
PR 98, 60, 

2; Pi 	3; 6  

..13874 	5 	1 28 71014 ,00 

95  ' 09  
1 2 	5 

3:788 
105 

3,0 
3,0 
3,0 

.050 
,08 

.00 

.05  

Table 37. 	(Cont'd) 

837,0 

.126 

33. 

838.0 

.179 

17  

839,0 

.249 

840,0 

.331 

841.0 

0434 

842,0 

.551 

34.5 2 3 .1 9  42. 

820,0 821,0 822,0 823,0 8240 825,0 

,092 ,207 .321 ,436 .551 .689 

33. 17, 
34,5 23,19 42. 

3!3g 23 1.14 42 . 

814,0 815,0 816,0 817,0 818,0 819 0 

,198 ,?85 ,386 ,514 ,88? 1,3;2 

33, 17. 
34,5 23.19 42, 

.00 	.00 .06 	.24 ,48 .32 	.21 08 .36 	.15 

.03 	.02 
.01 	.02 .01 .01 	.01 
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Table 38. First Page of Printout for Example Run 3 

URBAN STO"M RUNOFF MODEL FOR SMALL WATERSHEDS 

RUN INFORMATION — WILD CREEK — STORAGE DEVICE AT 21 AND 25 

FLOOD FREQUENCY SIMULATION USING RUNOFF FILE 

THIS SIMULATION RUN HAS A TOTAL OF 38 SOURCE AREAS. PONDING AREAS. AND/OR CHANNEL SEGMENTS 

COMP, ITATION WILL BE MADE ON A 5.0 MINUTE TIME INCREMENT FOR A TOTAL OF 300.0 MINUTES 

COEFFICIENT FOR STORAGE CONSTANT FOR LINEAR POIETTNn FROM SOURCE AREAS IS 1.00 

OUTPUT OPTIONS ARE 

1$-. PRINT STAGE—DISCHARGE TABLES 
17. LIST ALL PEAKS FROM RUNOFF FILE 

AREA SFGMEN1 1 DISCHARGES TO CHAN SEGMENT 24 
AREA SE- GMENI 2 DISCHARGES TO CHAN SEGMENT 2n 
AREA SrUHrNI 3 DISCHARGES TO STAR SEGMENT 21 
SKIP SFGMFNI 4 
AREA SEGMEN1 5 DISCHARGES TO CHAN SEGMENT 29 
AREA SEGMENT 6 DISCHARGES TO STOR sForEwIT 3n 
AREA SrGNFAI 7 DISCHARGES TO CHAN SEGENT 28 
ARFA SE- GMsNI A DISCHARGES TO STOR SEGMENT 25 
AREA SrGMENT 9 DISCHARGES TO CHAN SFuMFNT 28 
SKIP SFuMFAI in 
AREA SeSMEAI 11 DISCHARGES TO CHAN SEGMENT 33 
SKIP SEGNFNI 12 
AREA SrGNFNI 13 1)8SCHARGES TO CHAN SEGMENT 18 
AREA SrGMEN1 14 UISCHARGES TO CHAN SEGMENT 18 
AREA SrGMENI 15 DISCHARGES TO CHAN SEGMENT 35 
SKIP SrUMFNI 16 
AREA SFGMFAII 17 DISCHARGES TO CHAN SFomf-NT 35 
CHAN SFGMENF 18 DISCHARGES TO STOR sT- GmENT 19 A'In FLOwS WILL BE PRINTED 
STOR SFGAir41 1 0  DISCHARGES TO CHAN SEGMENT 35 AND FLOWS WILL BE PRINTED 
CHAN SFGMFAI 20 DISCHARGES TO STAR ,SEGMENT 21 AND FLOWS WILL BE PRINTED 
STOR SFGMFNI 21 DISCHARGES TO CHAN SEGMENT 27 
CHAN SFGATNI 22 DISCHARGES TO STAR SEGMENT 23 AND FLOWS WILL BE PRINIED 
STOR SEGMENT 23 DISCHARGES TO CHAN SEGMENT 28 AND FLOWS WILL BE PRINIED 
CHAN SEGMENT 24 DISCHARGES TO STOR SFAW.FMT 25 AND FLOWS WILL BE PRINTED 
STOR srumENf 25 DISCHARGES TO CHAN SEGMENT 27 AND FLOwS WILL BE PRINIED 
SKIP SEGMENT 26 
CHAN SEGMENT 27 DISCHARGES TO CHAN SEGMENT 28 AND FLOWS WILL BE PRINTED 
CHAN SEGvEN1 28 DISCHARGES TO STOR SEGMENT 32 AND FLOWS wILL BE PRINIED 
CHAN SEGMENI 2 9  DISCHARGES TO STOR SEGMENT 3n AND FLOWS WILL BE PRINIED 
STOR SEGMENI 30 DISCHARGES TO CHAN SEGMENT 31 AND FLOWS WILL BE PRINTED 
CHAN SEGMENT 31 DISCHARGES TO croft SEGMFHT 37 Are) FLOWS WILL BE PRINTED 
STOR SEGMENT 32 DISCHARGES TO CHAN SEGMENT 33 AND FLOWS WILL BE PRINTED 
CHAN SEGMENI 33 DISCHARGES TO CHAN SEGMENT 35 AND FLOWS WILL BE PRINTED 

SKIP SEGMENT 34 
CHAN SEGMENT 35 DISCHARGES TO STOR SEGMENT 36 AND FLOWS WILL BE PRINTED 
STOR SEGMENT 36 DISCHARGES TO CHAN SEGMENT 37 AND FLOWS WILL BE PRINTED 
CHAN SEGMENT 37 DISCHARGES TO QUIT SEGMENT 38 AND FLOWS WILL BE PRINTED 
QUIT SEGMENI 38 
SKIP SEGMENT 34 
CHAN SEGMENI 35 DISCHARGES TO STOR SEGMENT 36 AND FLOWS wILL BE PRINTED 
STOR SEGMENT 36 DISCHARGES TO CHAN SEGMENT 37 AND FLOWS WILL BE PRINTED 
CHAN SEGMENT 37 DISCHARGES TO QUIT SEGMENT 38 AND FLOWS WILL BE PRINTED 
OUIT SEGMENT 38 
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 0 
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LL 
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CD 
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0000000000000 
0000000000000 
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• • • • • • • • • • • • • 

0 0 00 00 00 0 00 0 0 
0000000000000 
0000000000000 
0000000000000 
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0070700000000 
7000007000000 
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PI 0 un r- P- ce ,0 O. CP a0 40 
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1•. 	 1.1̂ C1700CLC10000lr N 

ce C cC cC cC cC 	cC cC 
. • • • • • • • • • • • • 

O 
I C 

O 00C000000ocoo 
▪ 0000000000000 
0. 	OGO0cc 00.00000 

• • • • • • • • • • • • • 

W 000000000000 o 
0000000000000 
r)N o CP Or N 7M tn to 7 00 

• • 	 • • • • • • • • • 
r• 

• • r- 
	ct 	s 	,c- rt 

rri N ..... N N N 

CC 
4 

O. 
,4 N., 	no en r0 7 J) r- 

cC r CP •-■ 
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r-. 	 _13 	o 

r- 	r- 4. 	CP C4 N r, •• •• 
N■I 

• c o3 r- cu aD ca 13 a3 o3 
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P• 1:1 ••• 	 J, M/ 	 J1 In 
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CC 
	

0 00 00 000 00 0 
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Z 	Cn en -.. 7 N ul c4 J1 4. 77 
7 	,0 I.- Cl 7N C4 I) 0000  
4 	, .7 .41 cw sC w4 v. .30 X: II .11 

CL 	• • • • • • • • • • • 
a 1 	...N....N.-.•- ■ N•-,  

CP 

ccccircccccc 
tr. tr. If:ir . II if us v.: u` in  
CC0CC000000 

• • • • • • • • • • • 

00000000000 
M r- O  ON 0 o Cr CP CP 

cc •-■ 	c o c MMM 
-4 4D •-• 	J1 	11 .f) 0 77 
00000000000 

• • • • • • • • • • • 

▪ Z 

J 
C.. 

00000000000 	Z 	 c) 
00000000000 	Z 	 _J 

• • . • • • • • • • •a 	 LA. 0 
00000000000 S 	 0 
0000000000un 	U 	 0 _J 
43 Pr-r N C4 en rl 7P 	 I LL 

pro 	 2 
r- o- 

W 	 64. 

X X 

7  
7 7 7 7 In sssss. 7 	< J a 77 

_1 11. a a 
LL 3 <J J 
O z La_imp 

_ t: 
Z 	••• a LI L.: L.1 
C 	 C a a 

W CY o  IX et 
cc I— L.) 	 1.• 

▪ v.; Nr1C 7 

LL 
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_J 

0 
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Z 
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Table 40. Printout for a Storage Segment 

SpEcTFICATIuNS FOR STORAGE SFGmENT 36 

ST0RAGF 
(ACRF-FEFT) 

DISCHARGE 
(CFS) 

ELEVATION 
(FEET-MSL) 

HEAD 
(FEET) 

SURrAcF AREA 
(ACRES) 

.000 .000 810.000 .000 .000 

.011 56.725 811.000 1.000 .022 

.n4A 113.450 812.000 2.000 .055 

.127 170.175 813.nn0 3 .0 00  .105 

.272 226.900 814.000 4.000 .198 

.g21 253.682 815.000 5.onn .285 

.847 277.895 816.000 6.000 .386 
1.102 322.673 817.000 7 .00 0  .514 
1.n59 365.809 818.000 8.000 .882 
3.090 394.806 819.000 9.000 1.322 
4.625 423.338 820.000 1 0 .0 00  1.837 
6.807 451.526 821.000 11.000 2.479 
9.615 479.463 822.000 12.000 3.214 
13.183 668.022 823.000 13.000 3.708 
16.75t 856.581 .000 .000 .000 
20.120 1045.140 .n00 .000 .000 
23. 888 1233.699 .000 .000 ,000 
27.U56 1422.258 .000 .000 .000 
31.025 1610.817 .n00 .000 .000 
34.g93 1799.376 000 .00 0  .000 
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Table 41. Peak Flow Table Printout for Selected Storms 

PEAK FLOWS FU? :iLO CREEK - STORAGE DEVICE AT 25 
STURM OF 	3 	12 	20 

ELEmcNT 
ALr3t:k 

EL-FT PEAK 
FLOii(CS) 

     

1 
1 c. 

, 	;,--..A 
%t-..,\ 

10j.7? 
36.7'? 

3 At2rA 66.1=i 
5 it:..:% 29.43 
t) mr4.:1. 50. '1. t 
7 /:';C:17. 44.7q 
8 0<....!: 37..";2 
9 

,,Kt!', 56.7 
11 ARLr.. 44. 5=-1. 
13 .P, W.:_'', 7,5.7 
14 'W■ L- 73.73 
15 /01.,‘. 66.29 
17 foLp 23.91 
lb Chl.,!.! 137.91 
19 ST -; 66.49 
20 C0i,7' 25.95 
22 CMAI-  81 • ::'1 
23 ST,'- P4.25 
24 ChA , ! 93. ,JC 
23 Rf,.r- 120.4,7. 
27 ch!-L•  123.33 
23 Cr'.ii• ;62.? 
29 ciu-!.. 27.1;1 
39 sTl_. 62.73 
31 Cri, 62.1F, 
32 77,T,„ 294.54 
36 CHI' :10.79 
3b Cf!,.•! ,-!9c) .9 
36 STOr- 7463.11 
37 r.,H, :!62.15 
343 (Ail, r • co 
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Table 42. Printout of Potential Problem Error MessaL;cs 

1926 3 3u OCCuRRIO DUPING LAST TIME STEP. 

19?6 3 3U OCCURRED oURIN6 LAST TIME STEP. 

_ 

1929 2 20 0CL(0.9i0 OL41 , e, TIM! ',T , 	f'. 

1936 9 29 OCCUR61 - 3 DUPING LAST TIME' STLP. 

1936 9 29 OCCuRREu DURIN6 LAST TIME STEP. 

1916 9 29 OCCNPREO DUPING LAST TIME STEP. 

• 

1 940 d 1. .-J1 T, 

1940 B 12 OCCURRED DUPIW, LAST TIME STI'. 

1940 d 12 OCCuRREO DURING LAST TIME STEP. 

1940 8 12 OCCURRED DURING LAST TIME STEP. 

1940 8 12 OCCURRED DURING LAST TIME STEP. 

1940 8 12 OCCURRFu DUPIN6 LAST TIME STEP. 

19 ,.0 8 12 oCcmio--„, 

1940 8 12 OCCURM-0 DURING LAST TIME STEP. 

I940 8 12 OCCURRFU DURIN6 LAST 

1940 8 12 0E00440 DURING LAST TIME STEP. 

1940 A 12 OCCORPEE, 11,4i SIEP. 

	

POTENTIAL PRoPLEM 	 

MAxIM"M FLOW FROM SEGMENT 16 AND sTORm4YEAR,moNTH.DAY, 
A LAP°ED HAL STEP mAy nr nEEnrn. 

	

poIFNTIAL PRovILFm 	 
mAxImH ,1 FLOW FPOm sp-, mFHT 37 Ann c.Tnpm(rLAR,moNTH,nAy) 
A LAP'EP TIML STEP MAY RE NEErFn. 

	

POTENTIAL PRGPLE'l 	 
MAxImNM FLOG FR 2 • SECwf . 4T r. fj. -) ,-,T0im(YcAR , MONTH,D4y) 
A LAP - E 2  r11L CTEF MAY PE nr-FrFr. 

 

	

priErITIAL HR ,...41 LEA 	 
MAxImHm FLOW EPOm SEGMENT 31 AND AJONMIYEAP.MONTH.DAY) 
A LAREF 0  TIAL STEP MAY PE NEEDED. 

	

POTENTIAL PRuILFM 	 
MAXIM"M FLOG FROM SEGMENT 22 AND sroRmirEAR.moNTH.nAy) 
A LARETP TIME STEP MAY RE NEEDED. 

	

POTENTIAL PRGDLEM 	 
AAXIM"M FLOW FPOm SFG"FHT 23 AND sToRmIrEAPpmnNTH.nArt 
A LARrE 9  Tim, STEP MAY RF NEEDED. 

	

POTENTIAL PHooLEM 	 
MAXIMNm FLO,. FROM SEGmENT 36 AND STORM(YEAPtMoNTH.PAY) 
A LAP'EP TI4, STEP HAY Pr NEFnEn. 
	FIFHTIAL PkGPLEM 	 

`. A I 	" 	LOA F)"1 ) 4 	 rnism YEAR*MOrirli ,nA Y 

A LAPrE 	r•,!L STEP m/ F ■ J 

Pnir!I 7  ,t1 	u 	.1 	 

	

L" el 1 - •n't 	 '11 	1r1 	r.rip ',T910 4 1YLA) , •*.! ■ It) r )).'iflY ) 

A LARrEP HAL STEP MAy n Nunrn. 

	

PnTEHTIAL PR0PLEM 	 
MAXImNm FLOG FROM SEGMENT 19 AND RTOkm(TEARrMONTH.OAy) 
A LARoFP TIML STEP MAY Pr NEEDED. 

	

POTENTIAL Fault FM 	 
MAxIMHm FLOW FROM SEGMENT , 2 Ann cToRmIrEAR,m0NTH.nAy) 
A LAPETP TIME STEP MAY fir NEEDED. 
PoTENTIAL PRunLEM ***** 
MAxIm"m FLOG FPOM SEGmEMT 23 AND cTORMIYEAP.MONTH.nAy1 
A LAPrFr,  TIML STEP MAY RE NEEDED. 

	

POTENTIAL PRuplEm 	 
MAxTml , m FLOG FROM SEGMENT 24 AHD STORMIYEAR,MONTH.nAY) 
A LARrE 9  'Um, STEP MAY 9F mEErrn. 

	

P^TFHTIAL PRs.41Lli 	 

	

MAxIM 	FLOW FROM 	SEuHENT 75 ANn STORM(YLAPAMON TH.DAY) 
A LAReTr T1 5.. STEP PAY .  PE 

	

POTENTIAL Pit..DLE1 	 
mAximiw FLOW FROM SEGMENT 2 7 AND sTORM;TLAPtMONTH.nAY1 
A LARM-.EP TIME STEP MAY nr mFrn[n. 

	

POTENTIAL PiwonLEM 	 
MAXIM"M FLOW FROM SEGmENT 28 Ann cromm(YLAR.moNTH.ntr) 
A LAREF 0  TIML STEP MAY Rr NEErFO. 
POTENTIAL PRuDLEm awwww. 
MAXIMHM FLOW FROM SEGMENT 29 Ann sToRm(YEAR,moNTH.nAy) 
A LAREEP TIML STEP MAY 9r NEEnFO. 

	

POTENTIAL PRvnLEm 	 
AAXIm , Im FLOW FROM sF6 , 1ENT 3u AID RTOHm(YtAP.MONTH.DAyl 
A LARrEP TIME STEP MAY no SEE ,  FD. 

	

PoTENTIAL PRUPLFM 	 
mAXImilm PLOW FROM SEGMENT 31 Ann sTOHM(YLAR.mONTH.nAy) 
A LARPFP TIME STEP MAY nr NEurn. 
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Table 43. Printout of Floods at Selected Segments for All Storms 

SEG= 
SEG= 
SEO= 
SE0= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
5E0= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SE0= 
5E0= 
SEG= 
SEG= 
SEG= 
SEQ= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
Sro= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 
SEG= 

23 DATE= 
24 DATE= 
25 DATE= 
27 DATE= 
28 DATE= 
29 DATE= 
30 DATE: 
31 DATE= 
32 DATE= 
33 DATE= 
35 DATE= 
36 DATE= 
37 DATE= 
18 DATE= 
19 DATE= 
20 DATE= 
22 DATE= 
23 DATE= 
24 DATE= 
25 DATE= 
27 DATE= 
28 DATE= 
29 DATE= 
30 DATE= 
31 DATE= 
32 DATE= 
33 DATE= 
35 DATE= 
36 DATE= 
37 DATE= 
18 DATE= 
19 DATE= 
20 DATE= 
22 DATE= 
23 DATE= 
24 DATE= 
25 DATE= 
27 DATE= 
28 DATE= 
29 DATE= 
30 DATE= 
31 DATE: 
32 DATE= 
33 DATE= 
35 DATE= 
36 DATE= 
37 DATE= 
18 DATE= 
19 DATE= 
20 DATE= 
22 DATE= 
23 DATE= 
24 DATE= 
25 DATE= 
27 DATE= 
28 DATE= 
29 DATE= 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26
26
26 
26 
26 
26 
26 
26 
26 
26 
26
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
2b 
26 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

• 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
17 PEAK= 
18 PEAK= 
18 PEAK= 
18 PEAK: 
18 PEAK= 
18 PEAK= 
18 PEAK: 
18 PEAK= 
18 PEAK= 
18 PEAK= 
18 PEAK= 
18 PEAK= 
18, PEAK= 
18 PEAK= 
18 PEAK= 
18 PEAK= 
18 PEAK= 
18 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK: 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
30 PEAK= 
10 PEAK= 
30 PEAK= 
30 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 
11 PEAK= 

6.318 
7.20  
9.670 
9.631  

22.427 

;: 76?: 
5.281 

g.16:8‘5' 

2  

42•

8

82

7  

47.79 

490:

71. 

  17 6 
 16 

	

4 	4 
9:::: 
9.21 
12.31 2 

 11.838 
 11.837  

30.125  

10.061 
19: 

37.657  
39.674 
57 .734 
57.869  
57 .461 
5.414 
5.377 
2.267 

r  ::01 Z; 
4.097 
5.277 
5.275 
12.215  

.91' 

	

2 	6  9 
P.11 1 

 1 .i 

141 :i;. 1 
 12,;:t4e; 

32.814 
64.656  
67.35 9  
90.9;n  
116.74 2 

 116.659  

2  :2.:(17 
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Table 44. Printout of Stage-Discharge Tables 

FLFVATION(STAGE) 	- DISCHARGE RELATION FOR wILn CRFFK 

...... ---------------- ......... -----_---- 

SEGMENT No. 	18 	v(CFS) 	= 	 .000 	1.000 	2.000 

SEGMENT ro. 	18 	Lav(FT):: 	.ono 	1.000 	2.000 

- STORAGE 
..... 

OEVICF 
..... 

AT 21 ANn 
...... 	....... 

25 
.............. 

SEGMENT 	O. 19 u(CFS) 	= .000 32.800 56.700 79.200 184.000 

SEGMENT NO. 19 LLEViFT)= 828.000 830.000 832.000 834.000 835.000 

SEGMENT HO. 20 GICF5I 	= .000 1.000 2.000 

SEGMENT NO. 70 LLEV1FT1= .ono 1.000 2.000 

SEGMENT NO. 72 G(CF5) 	= .000 1.000 2.000 

SEGMENT NO. 22 tlEV(FTI= .000 1.000 2.000 

Ui 
Oo SEGMENT NO. 23 G(CFS) 	= .000 13.400 26.700 32.800 43.100 49.900 153.000 335.900 

sEGmENT NO. 23 tLEVIFT)= 845.000 946.000 847.0n0 P48.000 849.000 850.0on 851.000 852.000 

SEGMENT No. 24 u(CFS) 	= .000 1.000 2.000 

sEGt,ENT No. 24 LLEV'FTI= .ono 1.000 2.000 

SEGMENT r0. 25 u(CFS) 	= .000 10.000 16.900 22.600 24.600 109.1nn 223.600 

SEGMENT NO. 25 LLEVtFT1= 836.000 838.000 840.000 842.000 843.000 844.000 846.000 

SEGMENT NO. 27 w(CFSI 	= .000 1.000 2.000 

SEGMENT NO. 27 Lav(Fr): .ono 1.000 2.000 

SEGMENT NO. 78 G(CFS) 	= .onn 25.000 50.000 100.000 200.000 300.000 400.000 500.000 

SEGO-ENT NO. 78 QLEVIFT):: .000 .900 1.300 1.90U 2.800 3.506 4.000 4.300 

SEGMENT NO. 29 G(CFS) 	= .080 1.000 2.000 

SEGMENT r0. 29 LLEVIFTI= .000 1.000 2.000 



Table 45. Printout Flood Frequency Table for Segment 32 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 32 FOR WILD CREEK - STORAGE DEVICE AT 21 AND 25 

WATE° YEAR 	PEAK FLOW1OFS1 	YEAR MONTH DAY 

1918 34.4 1918 	APR. 	7 
1919 108.6 1919 	MAY 	6 
1 020 270.6 1920 	MAP. 	12 
1 921 282.9 1921 	pun. 	24 
1922 111.0 1922 	MAP. 	10 
1923 76.8 1923 	MAR. 	1.2 
1924 87.6 1924 	MAY 	27 
1°25 73.6 1924 	DEC. 	8 
1926 280.2 1926 	AUG. 	11 
1°27 76.8 1927 	FER. 	'3 
1928 309.9 1928 	JULY 	10 
1 929 119'.8 1929 	MAR. 	14 
1930 51,4 1930 	JAN. 	28 
1931 54,8 1931 	JULY 	28 
1 932 131,9 1932 	JUNE 	18 
1933 162;3 1933 	JUNE 	10 
1934 119,1 1934, JULY 	19 
1935 36'P8 1935 	MAR. 	5 
1936 125,7 1936 	FER. 	3 
1937 159;6 1937 	JUNE 	17 
1 938 2390 1938 	JUNE 	25 
1 039 109,1 1939 	JUNE 	22 
1940 220,1 1940 	SEPT 	10 
1941 111,5 1941 	AUG. 	13 
1942 149.7 1942 	MAR. 	20 

MEAN = 140.0 STANDARD DEVIATION = 81.6 

FLOOD FREDUFNCY FOR FLOWPOINT 32 FOR WILD CREEK - STORAGE DEVICE AT 21 AND 25 

RETURN PERIOD PROBABILITY 	FLOW IN CFS 	W S ELEV IN FT 

2-YEAR 50.0 126.6 818.4 
5-YEAR 20.0 198.7 820.2 
10-YEAR 10.0 246.5 821.5 
25-YEAR 4.0 306.8 823.4 
CO-YEAR 2.0 351.6 824.5 

100-YEAR 1.0 396.1 825.3 
200-YEAR 0.5 440.3 825.9 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TAB 
00 •■ ••11 
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Table 46. Printout Flood Frequency Table for Segment 35 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 35 FOP WILD CREEK - STORAGE DEVICE AT 21 ANU 25 

WATER YEAR 
..... .,..■ mpamm 

PEAK FLOW(CF51 YEAR MONTH DAY 
..... 

1 0 18 54.5 t918 	APR. 	7 
1(119 168.3 1919 	MAY 	6 
1 020 381.2 1920 	A0n. 	15 
1 021 401.2 1921 	AUG. 	24 
1 022 175.8 1922 	MAR. 	10 
1 023 122.6 1923 	MA0 . 	12 
1°24 138.1 1924 	MAY 	27 
1°25 118.5 1924 	DEC. 	8 
1 026 414.1 1926 	A1Js. 	11 
1027 124.0 1927 	FER. 	/3 
1 028 462.1 1928 	JULY 	10 
1 0 29 1 0 1.8 1929 	MA0 . 	14 
1 0 50 80.5 1930 	JAN. 	98 
1931 83.8 1931 	JULY 	78 
1 0 32 207,2 1932 	JUNE 	18 
1933 225,6 1933 	JUNE 	10 
1°34 170,1 1934 	JULY 	19 
1°35 58,6 1935 	MAR. 	5 
1 036 191,9 1936 	FER. 	3 
1 037 221,3 1937 	JUNE 	17 
1038 320,9 1938 	JUNE 	/5 
1(139 174,e 1939 	JUNE 	12 
1040 309.2 1940 	SEPT 	10 
1041 174.0 1941 	AUG. 	13 
1 042 226.1 1942 	MAR. 	PO 

MEAN = 208.5 STANDARD DEVIATION = 113.9 

FLOOD FREOUFNCY p;oR FLOWPOINT 35 FOR WILD CREEK - STORAGE DEVICE AT 21 AND 25 

RETURN PERIOD PROBABILITY FLOW IN CFS W S ELFV IN FT 

2-YEAR 50.0 189.8 6.4 
5-YEAR 20.0 290.5 6.9 
10-YEAR 10.0 357.1 7.2 
25-YEAR 4.0 441,3 7.5 
50-YEAR 2.0 503.8 7.7 
100-YEAR 1.0 56y,8 7.8 
200-YEAR 0.5 627.6 8.0 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE 
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segments 32 and 35 showing the water surface elevations in feet above 

mean sea level and above the channel bottom, respectively. Flood frequency 

tables are created for each segment listed on the option card for output 

and for RUNOPT equal to 1. 
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SECTION 6 

Recommendations for Futher Development 

UROS4 was developed for the specific purpose of providing DeKalb 

County a tool to study drainage problems and the hydrologic effects 

of land use and channel changes and detention storage. The model was 

field tested on several watersheds in order to define their specific 

problems and examine the hydrologic effects of potential solutions. 

These applications also provided the opportunity to check the adequacy of 

the model in a variety of situations and to provide future users with 

illustration of such applications. As a result, to improve the model 

by programming additional capabilities became apparent. 

One of these would deal with situations in which flow divides 

from one path into two separate paths. This quite often happens at 

street inlets where one portion of the flow enters and the other portion 

by-passes the inlet. Usually this situation has little significance; 

but in some cases the dynamic change in the drainage boundary may 

add substantially to runoff in a small stream. For example, when the 

flow rate is low, all the water drains to the inlet and thence to 

watershed A; but as the flow rate gets higher, a greater portion of the 

water by-passes the inlet to watershed B. Another field situation the 

model cannot handle relates to a series of reservoirs. In one case two 

reservoirs were in series. Outlets from the upstream reservoir directed 

water to either the downstream reservoir through a drop inlet or to a 

channel by-passing the downstream reservoir through a broad-crested weir. 

Separation of flow also occurs in combined sewers. Design of floodways to 

divert excess flood water would also benefit from a separation procedure 

in UROS4. 
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Another part of the model that could be expanded is the routing of 

rainfall excess from the area segments. The current linear storage model, 

which limits the size of subareas to about 1.5 square miles, was used 

because data was not sufficient for a more flexible model. In a year or 

two, the data from the six DeKalb County stream gages and the recently 

installed gage network of the U.S. Geological Survey can be used to expand 

and improve this portion of the model. A model balancing cost with accuracy 

would involve the routing of a time-area diagram. This would allow sub-

areas to exceed the 1.5 square mile limitation. 

A third area for expansion of program capability is the creation, 

retrieval and updating of channel and land-use information of the watersheds. 

The current scheme involved coding, keypunching, and filing computer data 

cards. After some experience has been gained with UROS4, a more efficient 

system could be developed for better utilization of available computer hard-

ware and software. Such a system would be quite beneficial on a regional 

scale. 

Several other developments could be made to expand UROS4 capabilities. 

Additional error messages and program checks could always be added. Forty 

error messages are already programmed in UROS4. A printer plot of the flood 

frequency curve and data would also be very helpful. Though the programming 

might be extensive, a printout of a schematic diagram showing each segment 

and the connections would be very helpful to a user. Some additional pro-

gramming could be added to help determine stage-discharge tables from 

channel cross-section data and storage-discharge tables for additional 

types of outlet works. 

Runoff File. The runoff file was developed for the soils and sizes 

of drainage basins found in DeKalb County. For applications at other 
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locations, even others within the Atlanta region, both additional types 

of soils are found and larger watersheds exist. In either case, the 

applicability of the runoff files must be evaluated, This is particularly 

true of the larger drainage basins for which the assumption of spacial 

uniformity of the rainfall is no longer valid. In such cases, a second 

or third series of runoff files or adjustment factors for the existing files 

are needed to represent the spacial variation of precipitation. 

Experiences gained from application of UROS4 and the runoff files 

showed that several storms on the runoff file could never he critical 

for the given water year. With well-designed criteria, such storms could 

be removed from the runoff file with no loss in accuracy or capability, 

but with a reduction in computer time in the order of 20 to 50 percent. 

Better definition of probability could be achieved with a longer 

runoff file to include more combinations of critical periods. However, 

from the analysis described in Section 2, such a file must exceed 50 years 

before a noticeable improvement could be made. This would more than double 

computer run time. On the other hand, if features are added for the effects 

of aerial variation of rainfall, then the expansion of the runoff file to 

more than 25 years might be needed for a good definition of probability. 

A further area of study would be an examination of the 72--year rain-

fall record for additional storms. Though additional storms are not needed 

in years with major events, they would improve the definition of probability 

of the small events. For most of the 72-year record, the critical storms 

were selected from values of daily rainfall. The selection of critical 

periods based on hourly records is now more feasible than when the U.S. 

'eological Survey originally developed the 72-year, 5-minute, major storm 

rainfall data. 
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One further programming effort could size detention storage structures 

within UROS4 to meet specific design criteria. If the peak rates of flow 

after land development is not to exceed the peaks before development 

the needed storage volume and sizes of outlet structures could be calculated. 

By changing pipe sizes or slopes or channel designs a smaller storage might 

also meet the criteria. With such simulations, a least cost drainage 

system could be designed. 
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SECTION 7 

UROS4 Fortran Program 

Introduction. This section lists the Fortran IV computer code for 

UROS4. It has a fairly long main program with two subroutines called 

STODIS and FREQ. STODIS calculates the storage volume and discharge arrays 

needed for storage routing. FREQ picks the largest peak flow in each water 

year, makes the frequency analysis for flood flows, and estimates water sur-

face elevations. A general flowchart of the main program is found on Figure 30. 

Names of variables for equations in the text of the report is, in most 

cases, the same as the Fortran variables in UROS4. Table 47 lists these 

variables. Table 48 lists some additional variables found in UROS4 but not 

included in the text of the report. 

Forty different error messages can be printed by UROS4. Each message 

is numbered for easy reference. In most cases the message is self-explana-

tory. For those that are not, error message descriptions are included in 

this section. 
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Figure 30. Flowchart of UROS4 
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Table 47.  

Notation Used in Text of Report 

A 	 Fraction impervious area in watershed model 

A 	 Drainage area in square miles 

A. 	 Water surface area of detention storage 
i 

A 	 Cross-sectional area of flow in square feet 

AC 	 Cross-sectional area of the channel 

ACX 	 Cross-sectional area projected above the channel 

AK 	 Loss rate coefficient at beginning of time interval 

ALOSS 	Loss rate for particular time interval (inches per hour) 

ALT 	 Cross-sectional area of the left flood plain 

ART 	 Cross-sectional area of the right flood plain 

a 	 A parameter of channel slope, roughness, and size 

APARM 	Same as "a" 

CUML 	Accumulated loss (inches) up to current time interval 

C 	 Loss coefficient for outlet works 

CO 
	

Muskingum routing parameter 

C
1 	

Muskingum routing parameter 

C
2 	

Muskingum routing parameter 

CB 	 Infiltration parameter in watershed model 

CC 	 Interflow volume parameter in watershed model 

D 	 Length of channel in miles 

D 	 Detention storage on the overland flow surface in inches 

D
e 	

Detention storage at equilibrium in average depth in inches 
over the overland flow surface 

D
h 
	 Horizontal dimension of conduit 

DLTK 
	

Incremental increase in loss rate coefficient during the 
time interval 
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Table 47. (Cont'd) 

DLTKR 	Additional rain loss at the beginning of the storm 

DV 
	

Vertical dimension of conduit 

E. 	 Water surface elevation of detention storage 
1 

EPXM 	Interception storage parameter in watershi3d model 

ERAIN 	Exponent of precipitation for the loss rate function 

FNC 	Manning's n of the channel 

FNL 	Manning's n of the left flood plain 

FNR 	Manning's n of the right flood plain 

H Water surface elevation above invert of outlet structure 

I 	 Inflow to a storage site in cfs 

I 	 Average rate of precipitation excess 

I 	 Average infiltration during At in inches 

Intensity of rainfall in inches per hour 

IRC 	 Interflow drainage parameter in watershed model 

K Storage constant for a linear reservoir model 

K3 	 Evaporation parameter in watershed model 

KK24 	Baseflow drainage parameter in watershed model 

K Multiplier of standard deviation for probability equation 

L Length of overland flow surface in feet 

L Length of a channel segment 

LZSN 	Nominal lower zone storage capacity in watershed model 

m 	 A parameter of channel slope, roughness, and size 

MPARM 	Same as "m" 

N Number of days from peak discharge to end of direct runoff 

n Manning's n 

n Number of years of the annual series of peak flows 
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Table 47. (Cont'd) 

P 

P 

P 

P 

P
E 

PK 

Q 

Q 

Q 

QRSCN 

q 

R 

R 

RTIOL 

RTIOR 

S 

Rainfall intensity (inches per hour) during the time interval 

Probability in any one year that a given flood will be exceeded 

Wetted perimeter in feet 

Average rainfall less interception during At in inches 

Storm precipitation excess in inches 

Coefficient in equation for calculating storage constant 

Flow rate in cubic feet per second 

Outflow from a channel reach in cfs 

Average outflow during At in inches 

Streamflow at the time after a storm when only base flow 
remains expressed as a percentage of the flood peak 

Rate of lateral inflow to a channel in cfs 

Basin storage constant used in routing through the 
linear reservoir in HEC-1 

Hydraulic radius in feet 

Ratio of rain loss coefficient to that corresponding to 
10 inches more of accumulated loss 

Ratio of flow at a point during the recession to that ten 
time periods later 

Reservoir storage in cubic feet 

S 	 Slope of overland flow surface 

S 	 Slope of a channel segment 

SLOPE 	Same as "S" 

STRKR 	Value of the loss coefficient at the beginning of the storm 

SRC 	 Overland flow drainage parameter in watershed model 
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Table 47. (Cont'd) 

STRTQ 	Streamflow at time storm begins 

T
R 	 Duration of storm precipitation in hours 

t A point in time 

At 	 Time increment 

U Fraction of watershed in impervious area 

UZSN 	 Nominal upper zone storage capacity in watershed model 

V. 	 Volume in cubic feet or acre-feet of a storage at a 
1 

given elevation 

✓ Stream flow velocity in feet per second 

W Width at base of broad-crested weir 

WPC 	 Wetted perimeter of the channel 

WPL 	 Wetted perimeter of the left flood plain 

WPR 	 Wetted perimeter of the right flood plain 

x 	 Distance measure along a channel in the downstream direction 
in feet 

Ax 	 Length of a channel segment 

X. 	 Peak flow in annual flood series 
1 

X 	 Mean of the annual flood series 

0 	 Angle from vertical in degrees of sides of a broadcrested weir 

a 	 Standard deviation of the annual flood series 
x 

 

a 2 
Variance of the annual flood series 
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Table 48.  

Additional Variables Not Included in Previous Sections  

Variable 	Type 	Definition  

	

AA 	 R 	Peak storage (cu. ft.) 

	

ADD 	 R 	Flow to be spread over an area segment 

	

B 	 R 	Peak storage (acre-feet) 

	

C 	 R 	Peak storage (inches) 

	

CFSIN 	 R 	Conversion factor (cfs to inches) 

	

CUMA 	 R 	Drainage area at flowpoint 

	

CUML 	 R 	Accumulative loss (inches) 

	

Cl 	 R 	Coefficient for Muskingum routing 

	

C2 	 R 	Coefficient for Muskingum routing 

	

C3 	 R 	Coefficient for Muskingum routing 

	

DE 	 R 	Detention storage at equilibrium 

	

DLTK 	 R 	Incremental increase in loss rate 
coefficient 

	

DNEW 	 R 	Surface detention storage at end of 
time step 

	

DOLD 	 R 	Surface detention storage at beginning 
of time step 

	

DT 	 R 	Time step 

	

DTEN 	 R 	Increment on streamflow axis 

	

EXC 	 R 	Rainfall excess 

	

EXCESS 	 R 	Rainfall excess 

	

IAN 	 I 	Array of area segment numbers 

	

IBLK 	 I 	Plotting symbol 

	

IBUF 	 I 	Array required for Calcomp plot 

	

ICHAR 	 I 	Array of symbols for plotting 

	

ICI 	 I 	Plotting symbol 

	

ICO 	 I 	Plotting symbol 
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Variable 	Type 	Definition  

	

ICX 	 I 	Plotting symbol 

	

IFPT 	 I 	Index array for flow segments to be 
plotted 

	

IO 	 I 	Option indicator 

	

IPARM 	 R 	Reciprocal of MPARM 

	

IT 	 I 	Total number of time steps 

	

ITYPE 	 I 	Element type (0>AREA, 0=CHAN, O<STOR) 

	

IYAREA 	 I 	Indicator for existance of area segments 

	

IYCHAN 	 I 	Indicator for existance of channel segments 

	

JT 	 I 	Time on plotting axis 

	

LOSS 	 R 	Rainfall minus excess 

	

MAXFLO 	 R 	Peak flow 

	

MAXSTR 	 R 	Maximum reservoir storage 

	

NG 	 I 	Array of numbers of channel segments 
for comparison 

	

NOP 	 I 	Number trial and error iterations be- 
fore printout 

	

NSC 	 I 	Array of numbers of channel segments 
for comparison 

	

NST 	 I 	Array of storage segment numbers 

	

NSTOR 	 I 	Index array for storage segment numbers 

	

ODEC 	 R 	Calculated constant for overland flow 

	

OF 	 R 	Overland flow 

	

OFTMI 	 R 	Overland flow at previous time step 

	

OUT 	 R 	Flow at downstream end of channel reach 

	

PC 	 R 	Time step in hours 

	

PCOR 	 R 	Rainfall adjustment factor 

LI 	
PCT 	 R 	Excess as a percent of rainfall 

	

PREC 	 R 	Rainfall 

	

Q 	 R 	Lateral inflow to channel reach 
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Variable 	Type 	Definition  

	

QT 	 R 	Interpolated values of observed stream 
flow 

	

RAIN 	 R 	Rainfall plus cascaded flow 

	

RC 	 R 	Runoff as a percent of rainfall 

	

SNEW 	 R 	New approximation to reservoir storage 

	

SOLD 	 R 	Previous approximation to reservoir storage 

	

STR 	 R 	Final approximation to reservoir storage 

	

SUMP 	 R 	Total storm precipitation 

	

SUMQ 	 R 	Total storm runoff 

	

VOL1 	 R 	Total storm runoff (inches) 

	

VOL2 	 R 	Total storm runoff (acre-feet) 

	

XDLTKR 	 R 	DLTKR value for all pervious area segments 

	

XM 	 R 	Size of axis for streamflow 

	

XSTRKR 	 R 	SL value for all pervious area segments 

	

X1 	 R 	Tic mark on streamflow axis 

	

X2 	 R 	Tic mark on streamflow axis 

	

X3 	 R 	Tic mark on streamflow axis 
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ERROR MESSAGES 

1) I CANNOT ACCEPT DATA WITH 	AS A TIME UNIT. 
TIME UNITS MUST BE 1 (SEC) OR 60 (MIN) OR 3600 (HRS). 

Self explanatory. Card 2 in error. 

2) I CANNOT ACCEPT DATA WITH 	AS AN AREA UNIT. 
AREA UNITS MUST BE 1 (ACRES) OR 640 (SQ. MILES). 

Self explanatory. Card 2 in error. 

3) A TOTAL TIME OF 	WITH AN INCREMENT OF 	GIVES 	STEPS WHICH EXCEEDS 
THE 120 LIMIT. 

REDUCE TOTALT OR INCREASE DELT. 

Self explanatory. Card 2 in error. 

4) NUMBER OF SEGMENTS SPECIFIED ( 	) EXCEEDS LIMIT OF 100. 

Self-explanatory. Card 3 in error. 

5) SEGMENT NUMBER 	IS GREATER THAN MAXIMUM ALLOWED WHICH IS 100. 

Self-explanatory. Card 3 in error. 

6) SEGMENT 	DESCRIPTION CARD IS OUT OF ORDER 

Discriptor cards for each segments must be sequenced in numerical order. 
Program has encountered a card specifying a segment number smaller 
than the previous one. Card 3 in error. 

7) SEGMENT CANNOT BE LIKE 	WHICH IS LARGER. 

An option not otherwise discussed in this report allows the user to 
specify just the number of a previous segment if the current segment 
is identical. The option applies only for subarea segments and channel 
segments. In this case a subsequent instead of a previous segment was 
used which is not allowed. Also segment types must match. Card 3 in 
error. 

8) SEGMENT TYPE 	CANNOT BE LIKE ANOTHER 

See number 7 above. Card 3 in error. 

9) ELEMENT NUMBER EXCEEDS MAXIMUM SPECIFIED 1 

Self-explanatory. Card 3 in error. 

10) SORRY BUT AREA SEGMENT IS TOO SMALL FOR TIME STEP OF 
STORAGE CONSTANT EQUALS YOU WILL NEED TO REDUCE TIME STEP OR GROUP 
AREA SEGMENTS. 

The value of K must exceed one-half the time step since 

K = 1.0(area)
0.5 	(1 + U)-1.68 

640 
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either area must increase or impervious area decrease. A table in 
Section 2 gives the minimum areas for different time steps and im-
pervious fractions. Card 4 in error. 

11) SUM OF FRACTION OF SOIL TYPES ( 	) DOES NOT EQUAL 1.0 FOR SEGMENT 

With runoff file, all land surface must be counted so the fractions 
sum to 1.0. Card 5 in error. 

12) IS NOT RECOGNIZED AS A KIND OF CHANNEL REACH. 

Specification for KIND not equal to one of the five options which are 
0,1,2,3,and 4. Card 6 in error. 

13) PARAMETERS FOR ELEMENT_ IMPROPER 

The ten values listed are AREA, LENGTH, SLOPE, FF, STRKR, RTIOL, ERAIN, 
APARM, MPARM and U. One or more of the above is unreasonable; LENGTH 
less than 1.0 or greater then 9000, SLOPE greater than 0.9, FF greater 
0.5, APARM less than 0.00001, MPARM less than 0.1, channel width for 
rectangular channel less than 0.9 or greater than 900.0, pipe diameter 
less then 0.04 or greater than 50.0, width on triangular channel greater 
than 900.0 or less than 0.08. Card 6 is in error. 

14) IS NOT ACCEPTABLE FOR TU ACCEPTABLE VALUES - l(SEC), 60(MIN), 3600 
(HOUR) 

Time unit on storage description not one of the three available 
options. Card 8 is in error. 

15) *** ERROR-VALUES OF INDEX VARIABLES KE AND KD 	FOR STORAGE SEGMENT 
GREATER THAN 1. 

CARDS POSSIBLY OUT OF ORDER. 

Self-explanatory. Card 9 in error. 

16) IS TOO MANY ELEVATIONS FOR STORAGE SEGMENT, MAX = 21 

Self-explanatory. Card 10 is in error. 

17) IS TOO MANY VOLUMNS FOR STORAGE SEGMENT MAX. = 20 

Self-explanatory. Card 11 is in error 

18) NO. AREAS =_ NO. ELEV = MUST BE EQUAL AND LESS THAN 21 

Self-explanatory. Card 12 is in error. 

19) 	IS TOO MANY DISCHARGE VALUES FOR STORAGE SEGMENT, MAX. = 20 

Self-explanatory. Card 13 is in error. 
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20) ****************** 
WARNING MESSAGE 	ARE YOU SURE YOU WANT 
OUTLET STRUCTURES ON ONE OF THE STORAGE SEGMENTS. 
****************** 

Self-explanatory. Card 14 is in error. 

21) JT FOR STORAGE SEGMENT CANNOT EQUAL 

Options for JT are 1,2,3,4,5,or 6 only. Card 15 is in error. 

22) ************************************************** 
WARNING MESSAGE 
NO DISCHARGE FROM ONE OF THE OUTLET WORKS 
OUTLET TYPE 	 
ELEVATION OF BOTTOM OF STORAGE 	 
ELEVATION AT BOTTOM OF THIS OUTLET STRUCTURE 
HIGHEST ELEVATION REACHED 	 
************************************************** 
More elevations need to be put on elevation card 10 to exceed invert on 
one of the outlet works. Note: when extra elevations given, an equal 
number of extra areas or volumes must also be given. 

23) I DO NOT KNOW WHAT TO DO WITH___AS A SEGMENT TYPE. 

TYPE not one of the available options which are 11,22,33,55, and 99. 
Card 3 in error. 

24) SEGMENT—DISCHARGES TO SEGMENT —WHICH IS A NONO 

Segment numbers cannot exceed 100. Card 3 in error. 

25) SEGMENT—DISCHARGES TO DUMMY SEGMENT __WHICH IS MISTOOK 

A real segment is discharging water to a dummy segment where it would 
get lost. Card 3 in error. 

26) —SEGMENT —HAS NOTHING FLOWING INTO IT. 
PLEASE CORRECT BY ELIMINATING THE SEGMENT OR PUTTING SOMETHING INTO IT. 

Self-explanatory. Card 3 in error. 

27) OUTPUT SPECIFICATIONS IMPROPER 
OPT = 
OUPT = 

A value for a program a value for a program option exceeds 20 or a value 
for an output option exceeds 100. 

28) YOU ARE GIVING ME MORE PRECIPITATION CARDS THAN I CAN HOLD. 120 VALUES 
IS THE LIMIT. 

Self-explanatory. Card 21 or 22 in error. 

177 



29) I CAN ONLY ACCEPT 5 LOCATIONS FOR MEASURED STREAMFLOW, YOU ARE GIVING 
ME 

Self-explanatory. Card 23 is in error. 

30) ************************************************** 
SORRY, BIG TROUBLE 
TIME STEP ON TAPE 	 
TIME STEP SPECIFIED FOR THIS RUN 	 

THEY MUST BE THE SAME 
************************************************** 

Change to make them the same. It could be that the wrong runoff files 
were specified on the system control cards or if files on tape, the wrong 
tape mounted. Card 2 or system control card is in error. 

31) SOIL NUMBER (1,2,3, or 4) FROM RUNOFF FILE IMPROPER 
VALUE READ WAS 

Try again. If error persists then a problem reading data from runoff file 
exists. Get assistance from computer programmer. 

32) YOU HAVE SPECIFIED SOIL FOR ONE OF THE AREAS BUT HAVE NOT GIVEN THE 
PROGRAM THE RUNOFF FILE FOR THAT SOIL. 

Either correct the error on card 5 if there is one or add system control 
card to mount the needed runoff file. 

33) IN TWENTY TRIALS COULD NOT GET SOLUTION FOR ELEMENT_ AT TIME 

If program won't finish then one of the subareas probably has some 
unreasonable descriptor values. 

34) STORAGE ON SEGMENT__ HAS EXCEEDED THE EXTRAPOLATED MAXIMUM. 

This is a warning message. When it occurs, the inflow is set equal to 
the outflow and no additional storage effects are computed. One should 
add more elevations and areas or volumes to cards 10 and 11 or 12. 

35) ***** POTENTIAL PROBLEM ***** 
MAXIMUM FLOW FROM SEGMENT AND STORM (YEAR, MONTH, DAY) 19 
OCCURRED DURING LAST TIME STEP. A LARGER TIME STEP MAY BE NEEDED. 

This is a warning message only. The output of all peaks should be 
checked to see that this storm is not likely to be the largest for the water 
year. Usually it is not. If it is,a longer time step must be used or 
up to 120 time steps should be given on card 2 if 120 is not already 
being used. 

36) *** POTENTIAL PROBLEM - NUMBER OF STAGE VALUES ( 	) AND DISCHARGE 
VALUES ( 	) 
ARE NOT THE SAME FOR SEGMENT NUMBER 

The values for K on cards 30 and 31 must be the same. 
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37) *** POTENTIAL PROBLEM - PROGRAM WANTS RATING TABLE FOR SEGMENT 
AND DATA CARD SAYS 	 

A rating table (cards 30 and 31 must be given for each segment listed for 
output options on card 17. The rating table cards must also be sequenced 
in numerical order. 

38) ERROR REACHED END OF FILE 

Problems have been encountered with the temporary file. Consult computer 
programmer. First number given is the segment and the second number 
given is the year problem encountered. 

39) YEAR OR SEGMENT NO. FROM FILE IMPROPER 

Same comments as 38 above apply. 

40) PRECIP INCREMENT OF—MINUTES NOT COMPATIBLE WITH SIMULATION INCREMENT 
OF 	MINUTES. 

Change value on card 2 or card 20 to make time increments compatible. 
The value on card 20 must divide evenly by the value on card 2. 
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C onAn wATFPCIIEn FLOOD HYOROr<APP "O'EL (UPOS4) 
C 	 PROGRAWTP by ALAN "1. LI/Mn r  ALLFN E. JOHNSON. 
C 	 L.n. JAMES ANP J.L. KITTLF.JR. 
C 

PEAL mAYrLO.APFA(10(1).LFAGTH(10n),SLOPF(100.FF(100).CUMLt100). 
1 	IN,Ff19,2n),STOP(1.20).SmMn(lnn)0T(120).MAASTR(100), 
2 	APAP" . 000)."MARm(20n).A'RA(12).A(100).ODLL(100).OFCT(10u). 

C 
3 	CFST"(100)FSIR(1:3,120, 0 LnOlIT(25) 
4 	FOLnTN(25),SL(10U)tPTL(1°0),ER(100),DNEWl1U0),DOLD(1uu) 
5 	tEXr(50 ► 120),0(1000) ► Sw(10 0 ),SY(100)tC1(b0),C2(50).L.A50) 
7 	,FD(25)tOLTKk(10°)FIUSCPRAP' 1 (120)tTNCrADo(10U) 
8 	rO(10 0 )tCHANA(100) 
PFAL SOIL 1 (100)•SOIL2(100).SnIL3(100),SnTL4(10U) 
rGUIVALEHrE (SOILI,RTL),(;OIL.2rEP)F(SOTL3rULTKR),(SOIL4FU) 
TNTEGLP TrNCT09(100)tOPT(0) , 0 11pT(100).TCHAR(1U1),V, 

1 	ME(In), IFPT(100),TWITS•Pln(100),KTN0(1UU) 
2 	FTUFvUtAU,MS(100).MCT(2)0, 11(29),N2(5) 

THTLCALP Yflp0AY,HP,TItTY,TYPFFICF^(9)fIcOTLt4)•Ni0(100) 
(70Mr0r1 MCn( 71 9),SF(5020)WPF7(12o)tIN(6120) , OUT(65.120),t'ACT, 

CI1 ► A(100).AXFLO(100) , ItlFn(20)rTPIIF(112U),LDEVOIMX.ISPEC, 
2 	IT.NW!FTYPr(100).TFACIFITYnrf 10n1.TPN(100).UF(50.120) 
3 	.PC.r'6(100).1iSC(10n),I0(20) 
CylrlION / c;TOD/ VtIFIERnorp c.LLFV(25),ELFV(2).'..)ARLA(25)rVUL(eJ1,D1 

IF)) 
nATA IC1/fif/ 
nATA iroitoti 
nATA ICX/'*'/ 
nATA IPLKit t/ 

nATA 
1 
PATA ISFO/"ARFA"."CHAW,"STCP".• 	If"-) KIPorsuUMLO, 

1 	• 	1,1 	'.'PUIT'/ 
lun FORMATfI6,1RA4.FP.0) 
lul FORMAT(20T4) 
1u2 FORMAT(I4.4X,14,214) 
1u3 FORMAT(10r8.0) 
1u4 rORMAT(I4.2F4.11.214.4F9.n.I4) 
1u5 FORMAT(I6.5I2.F4.1.12) 5.7) 
1uF). FORMAT(2nY,12F5.1) 
1u7 FOPMAT(IS.12FEI.n) 

FORMAT(IP.9rR.n) 
1u 0  FORMAT(2I40F6.0.14) 
110 FORMAT(F4.0.14.F4.n.T4.F4.n.T4.Fh.0) 
111 FjPrAT() 
112 FORMAT(13Pb) 
113 FJRMAT(A6.I2t12.2A,4T2f1 2 1,- 5.2) 
114 PORMAT(2TufF4.nr17I4) 
115 FORMAT(I4,F4.0.14) 

C 
C 1MPNT GFNFRAL INFnRMATION 

C 
LIDEX m 0 

lOun TNDEX m r!DFX 4- 1 
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READ(1,10(1) 	(INF(I),T=1,19),PuHOPT 
TE(INFO(1).GE.q00000) CALL FYIT 
WRITE(3, 9 n0) (THFU(I),I=2,1 0 ) 

gun FORMAT(1H1//5X,'Hkj3AN STORM PUNOrF MODEL FOR SMALL WA1ERStiL0t, °/5A 
1,9( 1 	 ')// 10YORUN IMFORmATIoN — ' ORA4) 
IF(RUNOPT,GT.2.01) RUNOPT = n.0 

IF(RUNOPT,LT.0.5) WRITE(3,92 2 ) 
II:(kUNOPT.GT,0,5.mND,RUNOPT,LT.1.5) WRITE(3,93) 
Tr(RLJNOPT.6T.1.5) WRTTF(',92 1 ) 

94.4 FORMAT(/Pc'XOSTORt-', RFRIOD SIMULATION UST% SELECTED 51URM rROM RUU, 
1OFF FILE') 

942 FORMAI(/:"x0STORm PFRIOr SI"ULATION, PRECIPITATION DATA RLUUIRLD I 
 ] 	) 

9c.3 F0RMAT(/2PX0FLOOu FREOUENCY STMT LATIOM USING RUNOFF FILE' ) 
C 
C SET INITIAL VAL(UE') 
C 

P-RROR=0 
ISOILI1) 7 n 
TSOIL(2) 	0 
Ic,OIL(1) r 
F_,n1L(4) 7 0 
no 1004 	= 1r100 
PPEC(h)=0.0 
"0LU(N) = 0.0 
TFPT(N) = 0 
rumL() = 0.0 
OIN,2)=U. 0  
tknp(N)=0.n 
Sum( (N)=n.0 
SUMP=0.0 
no 1003 " = 1.12n 
OUT(N,M) 7 (1,0 

10u3 TA(NW) = 0.0 
1004 A(N) = 0.0 

nu 101n M = 1.20 
PREC(m+10r)=0.0 

10.01 To(H) = n 
TF(Rm4oPT.GT.n.5) 10(10) = 1 
00 1009 N = 1,25 
OLD1M(N) = n,0 
N_DOUT(h1) = 0.0 
nn 1009 " = ion 
FIN•M) = r.0 

10u5 STOR(Nr) = 0.0 
TYCHAN = n 

TYAREA = n 
r, 0 TO 1002 

C 
C INPUT NUMBER ^F SEnMFNTS, TOTAL TIME, TIME INCREMLNT, TIML UNAIS 
C 

104.1 .)  CONTINUE 
PEAU(1,104)NEL"TS,TOTALT,JELT,TIWITS,All,RK,OLLoK,STCHK 
TF(AU.FO,n) 	Au=1 
IF(TUNITS,L0.0) TUNITS=6n 
IOCNK = 1 
TF(OLCHK+CTCHK.LT.1.nE-5) IOrHv 7= 0 
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TF(OLCHK.I T.1.OF—U) 	OLCIAK. = 0 .0m1 
IF(STCHK.LT.1.(lE-6) 	STCHes = 0.0 1  
TF(PK.LT.0.01.0P.PK.GT.10.0) 	PK = 1.0 
NCT = n 
TT = TOTA1T/DELT + 0.001 
W(THNTTS.NF.1) GO TO lin]. 
PC =nELT/'()00.0 
no ro 110h 

1101 TF(TUNITS.NF.b0) o0 TO 110? 
PC 7  UFLTIon e n 
7,n TO 110h 

1102 TP(TUNITS.NE,3h00) r,O TO 1107 
PC=UELT 
Oo f0 110h 

11u3 WPITFt7,Pr5) TUNTIS 
9s.J5 rORMAI(///5W1) 	I CANNuT ACCEPT ovrA WITH 1 •140 AS A IiME UNI1 

1. 1 /7XOTT"L l.li1IT5 HUfT PP l(fEr) OR 40(MTN) OK 3660(Hk)../1 
IEPPOR=IE"ROR+1 

11u4 rONIINHE 
('C*'bOO. 

IF(AU.F0. 1 .)R.AH.L0.640) 	GO To 1109 
WITE( 7 4) 

904 F0PHArt///5X01) I CAMMOI ArcrpT nATA VIM 9 .140 AS AN Ar(EA UNI1 
1. , /7Y , t\PFP 1 WITS e..W c-, T BE IlA('kr) OP 640(SU MILL).•/) 
IFPROk7IFrROR+1 
(70MIINHE 
TE(IT.LE.120) 	GO TO 1007 
wi- ITE- (3. ()^7) ToTALT.OELT.IT 

9 ./7 FOPWAT(///5X. 1 7) A TOTM TIME Or '040 WITH AN INCREMEN I JF 9 .I4 
1.' GIVE- r, 1 .1. 40 F(EPF WHTLH rXCFrOS THE 120 LImIT. 1 /7A0 rtLOUCE TO 
2TALT OP THCPEACF uFLT. 1 ) 
TFRPOP=IFrii0R+1 

10u7 TE(hrLmrc.LT.inn) 	Go To loort 
vqi:ITF:(3,0no) NFLMIS 

9W) FJRMAI(///5Y, 1 4) NUMLIER OF sEGmrNTS SPFCIFIEu ('.140) EALEEDS LI 
1"IT OF inn s .) 
TERROP=Ic.PROR+1 

10u0 CoNTINHE 
C 
C 	 PHYSICAL DISCkIPTORS uF rACH SEGmENT. 
C 

= n 
KOUrlT = 0 
no 1UU6 K = 1.100 
C'JMA(K) 7: 0.0 

10u6 TAN(K) = r 
TypE(Ino) = 99 
K .7: 0 

C 
C W1-1 1r<N HLPE FOP E' CH -,F(7,MFHT 
C 
15un K = K 	1 

PEAU(1,101) 	N.TYE01),INTOVArN(N) 
IF(ri.LF.1 0 0.AN 71 .N.OT.0) rO Tr)  16n6 
wkIlF( -50(-66) 

16°6 FORMAI(//10Yrec) :DEGmENT li(ImnERItI40 IS brit...MLR THAN MAXIMUM ALL0 
1WED WHICH IS 100. ') 
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IERPOR=TrR9OR+1 
1bu6 TF(TYPE(M.E0. 0 9) GO TO 1a51 

TF(N.UT.NrL4TS) CV TO 1991 
TF(TYPF(N),EQ.55.ANn.K.E 0 .M) GO To 190n 
TF(K.EO.N) GO To 1609 
TF(KeLT.H) GO TO 1607 
WRITE(30665) N 

1b 	FORMAT(/1 0 X ► 6) SLGMFNT' , I3,' nT e, CRTFITT (IN CARL) IS OUT OF ' 
1 00ROEPt) 
TLPROP=IPPRoR+1 

1ou7 	= N - 1 
nO 1608 TMON1 

lbul TYPO (11 = 55 
= 

louo CONTIWE 
"STINT. = mr(N) 
TF((JSA"E.L.0) 	Gu To 1925 
TF(IISAmL.IT.N) 	Gu TO 102,2 
WiUTE(3tP 76) M.NSOAF 
r- ORnoal(/1^x.I 1407) SF:(;;MEN! CANNOT pr LTKrItI4. 1  WHICH IS LARGER.') 
TLPHOk=FrRoR+1 

10g.2 CONITF 
TFAIY1'rl". 1 ).Nr.11) GO TO 1(770 
TTYPE(H) r -2 
CumAIN) = APEA(fArT,mr, 
0DEC(N) = OOEC(mc.:,mr) 
oFCTI(I) = OrCT(NSAME) 
C!=sin('l) 	CFsTrichSAmF) 
vouNT = vowIT + 1 
IAN(N) = 1/0 1 INT 
AprA(N)=V-LA(Ncr:AmL) 
LENOTH(N)=LENGTH(NSAmL) 
cLOPEIN)= e;LOPEINF;AME) 
Pr(N)=rFi"SAME) 
SL(N)=SL("S'NME) 
PTLIN)=PTLOSA'IF) 
rP(N)=- FRINSAME) 
OLTKRtN)=rLTKR(NSAMF) 
GO 10 1050 

lnin TF(TYPE(N).NE.22) 	GO TO 1071 
TTYPEIt'I) r n 
KNT10=KNTT0+1 
NIO(N)=KNTIO 
vi'ARm(N) = 	PAr'l(F,SAmL) 
APAHm(N) = ,NP4PN 4 (lisA'1E) 
KIND(N)=KTNo(NSAML) 
LENOTH(N)=LNGTHI!!SA''L) 
SLOPE(N)=cLOPEWAMF:1 
PF(N)=FF(NSAME) 
ni.) TO 105 0  

19/1 WRITE(3, 079) N,TYrE(N)rW7AMF 
9/ (1  rOPMAT(/10x0P) 	SroMPIT TYPE 'rT40 CAN ,407 RE LIKE hA110TH[7,R. 

1'r T4) 
TERHOR=IrPHOR+1 
(=.0 TO 10L'in 

19,_5 CONTINNE 
TF(INTOIN).LT.1. 0t:.INTO(' 1 ).GT.NFIIATC+1) 	Go To 1044 
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IF(N.6 -1.0.AND.M.LL.MFLMTC) 	GO To 1026 
lOcU WRITE(30n9) NeNFLMTS 
9c)q PORMAT(/2Y ■ 1 9) '.110. ,  SFOMEMT PINK:3FR FYCLEUS AAXAMUM SPEIFIED,/, 

1 I5) 
TEPROR=IF°ROP+1 

104.6 CONTIONE 
C 
C 	AREA SEGMENT OISCRTrTION 
C 

IF(TYPF(N),NE.11) - GO TO 101n 
TYAPEA = 1 
TTYPFAN) 7 —1 

PEAD ( 1 , 10 -10 ARrA(N),LENGTH(N),SL^PE(M)rFF(N)IPSON)tRTL(N)ri_R(N) 
3. 	► OLTVN(N).U(N) 
TF(AU.F0.640) 	ARLA(N) = ARFA(N)*640.0 
Tr(APEPt(N).LT.1.0L-9) 	GO Tr 182 7  
TF(APLA(N).GT.30nu,0) GO TO 1 0', 3 
IFARTL(N).LT.t.n.AND.R(1N 0PT.LT.n.5) 	GO TU 1026 
TF(U(N).GT.1.0) GU TO 10PJ 
CUMA(N) = AREA(N) 
iF(I0(10).W7.1) Go TO 102i 
= ALiC(1.0—SOTL1(N)—SOIL2(N)—SoTL3(N)—001L4(N)) 

TW;0 11.1(").GT.0.001) IS01L(1) = 1 
TF(..)0IL2(n).GT. 0.001) F;PiL( 1 ) = 1 
TF(SOIL3(H).GT.0.001) ISolL(3) = 1 
TF(SOIL4('').GT.O.u01) IoiL( 4 ) = 1 
IF(X.LT.0.02) GO 10 102Q 
wRITIA3.1028) cOlL1(I1),CJIL2("),SOIL3(P),SOIL4(N).N 

1.0f1  FORMAF(//10)••11) SIN OF I:PACT -TM' OF SOIL TYPL, (or 
1 4F7.30) DoFS Hof-  rnuAL 1.0 Fnp sEG4ENT , .15) 
IFF2kOR=I7r?ROR+1 

In.g CoraIlluE 
IFIAPt4(N).GT.30.0) FF(N) = n.n 
TF(FF(N).11.1.n17-1D) GU TO 16n5 
OUEC(N) = FF(M)**().6*LFMOTW!)**1.6*n.nOnti1d/SLOPE(N)**0.J 
OFCT(N) = 1.486*CRT(SLOrt("))*AqEWO*43560.0/(FF(N)*LENv)H(N) 

1 	**2.7) 
lbuS rFSIN(N) 7 PC*360lie0/(ARFA(NI* 4 3 1'60. (1*12.0) 

Tr(FF(N).GT.1.0E-5) GO To 16/0 
SK(N) = (3 *(AREA(N)/640,0)**0,9*(1.0+U(I'))**(-1.66) 
TF(TUNTTS.E0.1) 	:JK(N)=Sv(N)*36nn, 
TF(T(JNITS.F1,6n) SK(N)=SN(N)*60. 
TF(SKAN).GT.0.5*OLLT) GO TO 15no 
WRITF(3,1 5 0g) NroLLT,SK(N) 

15uR cOPMAI(//r, x. 1 1n) SORRY 	ADEA f-EwArNT 	 IS TOO SMALL FOR Ti 
1ML', 	SP7P OF ',F6.2/10YOS TOrAr, E CONSTANT LuUALS' ► Fo.3. 
1 10x ► yoll WILL NLEn TO PLD(1rE TTME STEP OR GROUP AREA SEomENIS.t) 
TLRROP=IFPROR+1 

150 4  CT-ITINNE 
SX(N) = orLT/(SK(id + 0. 4cDFLT) 
SK(N) = 1.0 — SX(N) 

C 	 SX(N) = MUSKIW;UM COEF Cl + 
C 

	

	 SK(N) 	MUSKINOUM COFF C3 
1010 KOUNT = KOUNT + 1 

TAN(N) = wONNT 
TF(KOUNT.I.L.50) Cu TO 1n50 

louR I=TYPEAN)/10 
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WRITE(30669) ISEU(I)rN 
16d9 FORMAT(//10X,50( 1 * 1 )/15x, 

1 	'SORRY 3UT I CANNOT DIGEST MORE THAM b0 1 ►  
1 A4r'SEGmrNTS 1 /15Ar 1 SEGMFNT 1 ,11, 1  MIME ME BURP. 1 /10X,50(v4,1 )) 
TERROR=IFPROR+1 

C 
C 	CHANNEL SEG ,4ENT ')ISCRIPTION 
C 
10.10 IF(TYPE(N).NE.22) GO TO 1020 

lycHAN = 1 
KNT10=KNTT0+1 
f‘lio(N)=Kwrio 
IF(KNTIo.rT.65) Cu TO 1686 
ITYPE(N) 7 0 

OLAL(1,1n 1 ) KINO(N)FLENGTH(N)rcLoPE(N).FF(N),APARm(N).MPARMN) 
TF(KINO(N).EQ.4) READ(1003) FNP.ART,wPP.FNL.ALT.APL,ACX 
TF(LENGTH(N).LT.1.01 Go TO 1023 
IF(LENGTH(N).GT.P000.0) CO TO 1 0 2 3 
IF(SLOPF(m).GT.0.9) CO To 1023 
IF(FF(N)."1.0.5) GO TO 1023 
IF(KINo(N).NE.n) 	GO TO 1015 
TI (APAPM(N).LT.1.uE-6) Cu To tn 1 3 
TF(NPARm().LT.n.01 ) GO TO 102 7  
41'ARM(N+I00) = -1.0 
"APARM(N+1"01 = -1.0 
CHANA(N) 7  1.0F10 
CO TO 105" 

1045 TF(KINO(N).NE.1) 	GO TO 1 011 
TF(APAPM().GT.90o.n.OP,ApATP 1 (N).LT.n.q1 	TU 1023 
APARm(N) = 1,4q*SuRT(SLOPE(N1)/(rF(N1*APARM(N)**0.6G7) 
mPARM(N) = 1.67 
ApARM(N+1n0) = -1.0 
mPARM(N*I00) 7.  -1.0 
CHANA(N) = 1,0L710 
CO TO 105n 

101 TF(KINo(N).NE.31 GO TO 1 0 12 
IF(APARm( m).GT. 50.0.0R.APARM(N).(T.0.041 GO TU 1023 
APARM(N)=1,49*(APARm(N)*4.)**0.6 4, 7*CoRT(SLOPE(M)/PF(N) 
MPANM(N) 7 1.n 
APARM(N+1 0 0 ►  = -1.0 
'1PARM(N+1"0) = -1.0 
CHANA(N) = 1.0(7111 

 GO TO 105" 
TF(KIN71 (N).NE.2) GO TO 1(1 13 
IF(APAQM(N).GT. 0 n0.11.0R.APAP"C11.LT.n.n(1) GO 10 1023 
APARM(H)=1.49*SOR1(SLOPF(N))/(FP(N)*APARM(N)**0.3.53) 
MPARM(N) 7  1.33 
APARm(N+1n0) = -1.0 
mPARM(N+1n0) = -1.0 
CHANA(N) = 1,0r1n 
Co TO 105n 

1043 CoNTINNE 
IF(KINO(N).NE.4) GO TO 1014 
WPC = ,4 PAnm(N) 
AC = APAR - (N) 
nc = 1.49*Ac*(Aci,,pc)**n.067*SoPT(5LoPF(N))/EPAN) 
ACX = ACX + AC 
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OS = ACX*(ACX/WPC)**0.667/FF(N) 
1 	+ ART*(ART/WPR)**0.66 7/EN0  
2 	 + ALT*(ALT/WPL)**0.667/FNL 
OS = 1.4 0 *SORT(SLUPE((J))*US 
AS = APT + ALT + ACX 
MPARM(N) = 1.5 
APARM(N) = EXP(ALOG(OC)—MPAP m (N)*ALOG(AC)) 
MPARM(N+1 0 0) = ALOG(1S/OC)/ALOG(AS/AC) 
APARM(N+100) = EXPIALOG(OC)—mFARm(N+100)*ALOG(AC)) 
CHANAIN) = AC 
Go TO 105n 

1044 CONTINUE 
WRITE(30°21 KTNn(N) 

9')? FORMAT(//5X012) ',I4, ,  TS NOT PrCOGNI7En AS A KIND OF CHANNEL REM 
'CH.') 
TERROR=1EPRIR+1 
GO TO 1050 

1041 WRITE(3rcIn ci) N.ARLA(N),LFAGT"(N)pSLOPE(M1rFF(N)rSL(N).RTL(N)FER(N) 
1 	rAPARm(N).YrAPM(N),U((`') 

Yoci FORMAT(/cY,I13) PARAMETER FOR SFnMENTIFI3. 1  IMPROPER 0 /10X,I0F12.5) 
TERROR=IFPROR+1 
GJ TO 1050 

C 
C SOW\GF SEGMENT DISCPIPTION 
C 
104n IF(TYHF(N).NE.13) GO TO 1030 

TTYPF(N) 7 1 
K',ITIO=KNTTO+1 
NIO(N)=KNTIO 
PEAU(1,inn) VUFTUFSK(N),SX(N),TrI 4K 
TF(NCT.E0.0.ANn.ICHK.GE.1) WPITE(3, ,Ing) 
FORMAT(//PWAnDITIONAL TAFOPMATTON ON STURAOL Et.,MENTS 9 / 

1 	8X,42('—')/) 
NCT = NCT + 1 
IF(ICHK.Gr.11 WRITE(1.807) N 

dv7 EORMAT(/1 0 XOSTOPAGE SEGmLNT '.1 1/10Y,10( 0 —')/) 
NSTOR(N) = NCT 
NST(NCT) = N 
IF(VU.LE.r) VU = 4 
TF(VU.GT.'1 ) VU = 2 
TF(TU.LE.n) TU = (.30 
IF(SK(N),1T.1.0E-6) 	60 TU 1(12 7  
IF(IU.r0.TUNITS) GO TO 1035 
IF(TU.NE.1) 	GO Tu 1031 
SK(NCK) = SK(NCK)/60.0 
TF(TUNTTS.E1.3600) SK(NCK) = SK("CK)/60,0 
GO TO 103c 

101 IF(TU.NE.F-01 	GO TO 1032 
IF(TUNITS.E0.1) 	̀K(NCK) = Sv(NCI,()4,60.0 
TF(TUNTTS.E0.3600) SK(NCK) = CK(NCK)/60.0 
GO TO 1035 

10.)2 IF(TU.NE.'4 6n0) 	GU To 1036 
SK(NCK) = SK(NCK)*60.0 
TF(TUNITS.0.1) SK(NCK) = CwWCK)*(10,0 
GO TO 103 5 

 10:J3 WRITE(301 R5) TN 
905 FORMAT(15W14) ',I4OIC NOT ACCEPTAFILF FOR TU'/' ACCLPTAbLE VALUL 
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1S-1(SEN.F, 0(MIN),.)60n(HO(IR) 1 1 
TERKOR=IFTROR+1 

10J5 CoNTINUE 
not) = 1. 11/(SK(N)-:.)K(Ni*SY(N) + n.5*DFLT) 
C1(NCT) = (0.5*nFLT - SK(4) ,((f)((P1))*nnn 
C2(NCT) = (0.5*PFLT + SK(i4)*SX(N))*noD 
C3(HC1) = (SK(N) - SK(N)*X(N) - 0.5*DELT)*JDU 
o0 TO 105n 
CoNI1NuE 
CALL STOnTs(ICIAK) 
DO 1029 I = ion 
OuT(NCT•T) = CFLEv(I) 
nt ► (NCT,T+20) = FLEV(I) 
ouT(NCTri+Lin) = c_;“REA(T) 
F(NCT,T) = OIS(T) 
STOR(NCT,T) = VOL(T) 
r4 0 TO 109n 

1030 wPTTE(Ipon9) TYPF(N) 
(3 0  FoRmAT(//x023) I no NnT Nn WHAT Tn nn WITH °,140 AS A 5LomE1 

1T TYPEtip , x0-___-_ , /28Xel 	 ) 
TLPRnk=IFrRoR+1 

in j n no To 150n 
15J1 rONTINHF 

7'9 15135 T = 1.HrLHTS 
K = INTO(T) 
TF(K.GT.ino) Go To 1952 

b9.)4 TP(K.LT.1) K = lnu 
TF(TYPE(K).F0.55) GO TO 1554 
TF(.NOT.(TYPE(I1.L.O.22.OP.TYPE(T).En,33)) GJ To 1555 
nO 1553 J = 1r100 

1553 TF(INTO(J).70.I) 00 TO 1.55 
WRITEl3r1F-qa1) 

1501 FOPMAT(//10NWN) •r44.° SE( ENT  •rI4,' HAS NOTHING • 
1 'FLOWING INTO IT.' / 10YOPLEASr CORRECT BY ELIMINATING' 
2 	THE SFrMENT OP PUTTING SO"ETHTNG INTO FT.') 

TERROR=IFPR0R+1 
rO TO 1555 

15132 WRITE(3r154q) T.K 
1544 FORMAT(//10W24) SESMFMT 1 0 1 0 nISCHAPGFS TO SEGMENT'. 

1 I3.' WHIr'H IS A NON0 1 ) 
IFRROR=IFPROR+1 
GO TO 695u 

1554 WRITE(3,1 5 56) I.K 
1556 FORMAI(/1nx.$291 SEGMENT / ,I3• rITScHARGFS TO DUMMY SEUMENI , 

 1 	.13,' WHICH IS A MISTOOK,') 
TERROP=IFTWIR+1 

1555 CONTINHE 
C 
C t ^IPA 1T THE OUTPUT OPTIONS (OPT) AND SrGWNT NUMBER OUTPUT LA.:51h' J(OUPT) 
C 

NOP = 51 
REAU(1,10 1 ) (OPT(1),T=1,20) 
o0 1054 K = 1.20 
T = OPT(K) 
TF(1.6T.2n) GO TO 1056 
IF(I.(JT.n) To(I) = 1 
TF(IO(12),E0.1) 	csa)P = in 

187 



IF(I0(11).E0.1) NOP = 0 
10LA REAU(1.101) (OUPTlI),I=1•20) 

IFIOUPT(1).F0.9999) GO TO 1052 
Do 1057 K = 1.20 
I 	OUPT(V) 
TF(I.EG,5955) GO TO 1055 
IF11.67.100) GO 10 1056 

1047 TFII.GT.0) IFPT(I) = 1 
60 TO 1058 

104* 90 1051 K = 1.100 
1001 IFPT1K) = 1 

AO TO 1058 
1046 WRITE(30, 9(1 0) (OPT(I1tI=1.20).(7UPT(I)0=1,20) 
9100 FORMATI5X027) OUTPUT SPECIFICATIONS IMPROPLW/10X0OPT = '.2UI0/1 

10X0OUPT 7.•.20I5) 
IERRON=IFPROR+1 

10 .JP CONTINUE 
C 
C INPUT IF INPUT OPTION 8 SELECTErl 
C 

IF(I0(8)."E.1) GO TO 155g 
READ(1.103)XOLTVPFXSTRKR.XAPPM.X"PRM 
no 1558 I = leNELMTS 
IF(TYPE(T).NE.11) GO TO 1998 

IF(SL(I).LT.0,0001) GO To 15 8 
SL(I) = YeTTPKR 
OLTKRiI) = XDLTKR 

15J8 CONTINUE 
00 1557 I=1,NELMTS 
IF(TYPF(I).NE.22)G0 TO 1957 
TF(KINO(I).NE.n)G0 TO 1557 
IF(APARM(T),LT.0.0000O1)(:0 T^ 15” 
APAHM(I)=YAPRM 
MPAKM(I)=YMPRM 

1507 CONTINUE 
1559 CONTINUE 

C 
C PhiNT OUT INPUT SPECIFICATIONS 
C 

IF(ICHK.Lr.0) GO TO 899 
WRITE(3. 0 n0) (INFOlI),I=2.19) 
IF(WNOPT.LT.0.5) WRITE(;.92 2 ) 
IFfRUNOPT.GT.0.5.ANO.RUHOPT.L .T.1.5) WRITE(3.9.5) 
IF(RUNOPT.GT.1.9) WRITE(3,9 14 ) 

tP0 (1 CONTINUE 
WRITE(30fl1) NELM1S 

9v1 FORMAT( /10XOTHIS SIMULATION RU" HAS A TOTAL OFI.14. 
1 • SOURCE AREAS. PONUING APFAS, ANO/OP CHANNLL SEGMENTS 1 /) 
IFtTUNITS.NE.1) GU TO 8201 
WRITE(3,8202) DELE,T0TALT 
GO TO P2In 

P2u1 IP(TUNITS,NE.60) 60 TO 8203 
WRITE(30A204) nELI,TOTALT 
GO TO AQUI 

82u3 WRITF(3,8204) DELT.TOTALT 
8210 CONTINUE 
82U2 FORMAT(10Yr•COmPUlAT/ONc WILL RE MAOF OM AlrF4.1.1X0SLC01.0 T1ML J. 
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INCREMENT FUR A TO1AL OF',F6,10 r7ECONDS'/) 
P2u4 FORMAT(l(lY,'COMPUTATIONS WILL RE MOP ON A''F4.1r1X0MINUIL TIME I 

INCREMENT FOR A TOTAL Or',F6.10 "INUTES'/) 
P2u6 FORMAT(1(1v,'COmPUTATIONS WILL RE mAnr nN AtrF4.1,1X0HOUR TIME INC 

1REMENT FOP A TOTAL OFIrr6.1,' I-4 0uRS'/) 
IF(IOCHK.PQ.1) WRiTE(i ► 904) oLr1-PerSTCHK 

9u4 FORMAT(10Yr'ACCURACY OBJFCTIVEC rOR OVERLAND FLOW' 
1'' AND STORAGE ITERATIONS ARF 9 ' 1 E9.5/1 
WRITE(301 0(6) PK 

9u6 FORMAT(10v ► 'COEFFICIENT FOR STORAGE CONSTANT FUR LINEAR RUoTING ', 
1 	9 FrOM SoURCE AREAS IS',P6.2'1)(04) 
WRITE(3, 0?1) 

9g.1 POPMAT(/1PX0OUTPUT OPTIONS ARF •/) 
TF(I011).r0.1) 	wRITE(3•10P1) 
IF(10(?).r(4.1) 	wRITE(3,108?) 
TF(1013).F- 0.1) 	ITE(3•10)71 .‘) 
1E7 (1015).r- 0.1) 	wRITE(3 ► 10Pc) 
IF(I016).r0.1) 	wRITE(3•10p6) 
IPII0(P).rO.11 WRITF13,1 0 931 
IF(I01 0 ).PO.11 wRITE(3,1094) 
IF(10(14).E0.1) WRITP(3,1097) 
TFII0(161.E0.1) WRITP(3,10151 
Tp(1°117).E0.1) WRITE(3,16961 
TF(10113).0.1) 	►  4.ITE(3.108q) 
TP(10(19).E0.1) 	'ORITE(3,10P (I) 
IF(I000).E0.1) 	wRITE(3'1091) 

1001 FORMA1(15Y,'1. PLOT HYPPOGPAP"S ON PRINTER') 
10u? FORMAT(l'Ivr'2, PRINT OFTAILFD HvOROGRAPHS') 
10u3 FORMAT(15V,'3' PRINT MAXIMUM FLoWS AT ALL POiNTS') 
10o5 PORMAT(15Y,'5, PRINT RAINFALL AND RUNOFF VOLUMES') 
1006 FORMAT (15v.'6' PhINT MAYiMUm VOLUMES FOR STORAGE SEGMENTS') 
1009. FORMAT(15)(''IP, CuMPARE PISCHA 0 (ir AT TWO POINTS ON PLOT') 
106o FORMAT(15Y,'19, WRITE DISCHARGF AT LAST FLOW PuINT ON FILL 10') 
1091 FORMAT(15Y ► '20' READ INPUT FROM PREVIOUS SIMULATION') 
1093 PORMAT(15Yy,'8' CHANC;E nLIKR AKIn STRKP FOR PERVIOUS AREAS') 
1094 rORMA1(19Y,'9' OUTPUT MAX FLOWS AT SELFCTEU POINTS') 
1095 FORMAI(15Y.'16, PRINT STAuE-PISCHARGP TARLES 1 ) 
1096 FORMAT(15Y''17, LIST ALL PEAKS rPOM QIJNOFF FILE') 
1097 PORMA1(15Y.'14, PRINT INFLOW-0 1 1TrL0W-STORAGE TAbLES 1 ) 

WPITF(3,1r9?) 
109? F;)RMAT(//) 

PO lObn 	= l ► NFLkTS 
T = INTOW) 
IF(TYPF(N).FO.55) TYPE(I) = 66 
KKN=TYPF(")/10 
KKI=TYRE(T)/10 
IF(INTO(N).GT.n) 60 TO 1n61 
WRITE( 4,0q01) TSru(KKW),N 

19Q3 PORMAI(10Yet140 CLWIFNT , '15) 
f', 0 TO 1o6n 

lOul WRITE(3, 0 n3) 	ISFu(KKM,NIFISrU(KvI).THT0(N) 
10un IF(IFPT(N),E0.1) 	WRITE(3,9n7) 
9u? rORMAT('<',59X,'AND FLOWS WILL Pr  PRTHTFT") 
963 PORMAT(10Y,A40 SLOMPNT 0 0150 PISCHARGF2S To ',A40 SE6MENI',Ib) 

IF(IYAREA.0.0) u0 TO 1160 
IF110110),E0.1) Ou TO 136U 
WRITE(3,c1 n5) 
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905 FORMAT(1H 1 ///5Y.'SPECIFICATI°NC rOR SOURCE ARLAS°/5X.,51('-')// 
1 65XOLO5Cor20XORAIN°F6YOTNITIALIOX0IMPERVIOU:ast4XOSTORAE'l 
1 	5XONIWBER'. lAt 
1 •AREA-AC°C.3Xt'LENGTH-F1'.FIXOLOPF•t5X0ROU(7) -(NLSS'.7X. 
1 IRATE 9 .7v,'RATIO'.4X0FYPONENTI.8XOLOSS°.8X0AREA'r 2X. 
1 2X000NSTANT' /5X,125( 1 -')/) 
nO 1062 N = 1.HELNTS 
7 = DLLT/SX(N) - u.5*DELT 

10u2 IFITYPE(N),E0.11) WRITE.(3.907)NORFA(N).LENGTH(N).SLOPE(N). 
1 	 FE(N1.SL(N),RTL(N)pER(N).DLTKR(tA) 
1 .U(N),7 

9u7 EORMAT(6Y.I4.F11.J.F12.2.12 12.5.F12.4.6E12.3) 
nO TO 1370 

13o0 WRITE 13. 040) 
940 FORMAT(1H1//5X.'SPECIFICATIOMS FOR couRcr AREAS'/W031('- 0  )// 

1 30X0FRACTION OF AREA WITH rACH SOIL TYPE°7 
1 26)041('-').9X0STORAGE'l 
2 5XONUMR 1- 1-0.1YOAREA-ACRE't7X0 0APIrlo.4X0MOULRATE•t8X0....4-00. 
3 2WIMPE 0 VIOUSI.4X000NSTAN".3YOLENGTH-FT•e7XpoSLOPEor.iA, 
4 fROUOHNFSt / 	5X.112(' - ')/) 
00 1362 N = 1.NFP-iTS 
IF(TYPE(N),E0.11) 7_ = rELI/cx(N) - n.5e)FLT 

13t.0 IF(TYPr(N).E0.11) WqITE(3,941)NOREA(N).SOIL1(14).01L2(N). 
1 SOIL:J(N).SOIL4(N).Z.LENOTH(").SI.OPF(N).EF(H) 

941 FORMAT(6X,14.F11.i.4F12.3.F1") .n.'kE12.4) 
13/0 CONTINUE 

IF(NELMTS,GT.25) WRITE(3.91°) 
IF(ELMTS.L7.25) WRITF(3.97n) 

91 0  FORMAT(1H1) 
9Ln FoRMAT(////) 
11u0 IF(IYCHAN.E0.0) 	'JO TO 1164 

‘oIIE(3. (1 n9) 
90 0  FORMAT(.5X,'SPECIFICATION FOR CHANNFL SEUMENIS°P5X.3b('-')// 

1 ,DqX.ICHANNELs.12A.'FLOOn PLAIN 	AVERAGE°/u4X.17('-')..IX 
1 	.1b( 0 -').5X.ITkAVEL'/10(e'NUMDER 
1 •TYPE'. -4 XOLF_NGFH-FT 1 .6x.'SLOPr'.5X.'ROU(HNLSS 9 .5X0APANN'y 
2 7X0mPAPNO,YOAPARMI.5X.f/IPAPmfaX.°TTML(SLC)f/10X.1020- 1 )/) 
no 1064 N = leNELi-,TS 
IF(TYPF(N),NE.22) GO TO 1064 
WI(ITE(3, 9 11)N,KINL(N).LFNUTH(N).SLOPE(N).FF(N).APARM(14).MPAHM(N) 

911 F3RMAT(10v04.1X.I4.F12.2,F12.5,‘F12,31 
IF(ARARM(N+100).G1.0.0)77= LENGTH(N1/(ARARM(N)*CHANA(N)**mPARM(N) 

1 	 /ChANA(N)) 
IF(APARM(N+100).01.0.0) WiiITc - (3.°12) APARM(N+100).MPAHM(N+100).ZZ 

912 FORMAT('<°00X0F10.1,F1n.1) 
10u4 CONTINUE 

WRITE(30°01) 
8901 FORMAT(//(1)(0OFFINITION 	MINFRTC CHANNEL TYPES'//10A. 1 1 KLCTANGU 

1LAR 9 /18X.'2 TRIANGULAR'/10W3 CTRCHLA"/10X. 
1 , r) IRREGuLAR WITit NO FLOUD PLAI"/10X. 
1 '4 IRREGULAR WIT ►  FLOOD PLATN') 

11u4 CONTINUE 
IF(NCT,LT.1) GO Tu 1068 
no 1069 T = 1.NCT 
IF(MOD(I.2).E0.1) W4 ITE(3,91 4 ) 

914 EORMAT(1H1) 
NL=NST(I) 
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WRITE(3.R13) N7 
913 PORMAT(////10X ► 0 SPECIFICATIONS FOR STORAGE SELMENTt ► I3/10) ► 37( , - , ) 

1 /) 
WRITE(3015) 

915 FORMAT(/1 0 X.ISTORhGE , .3YODISCHA 0GEt.3X0ELEVATIONto6WHEALP. 
1 2X. 1 SURFACE ARFIO/FIXO(ACRE-rErT)t.5X0(CFS)t.5X ►  

P f(FEET-"SW.4X0(FEET)t ► 4Y0(ACRES)t/6X.5(1X.11('-'))/) 
DO 1066 N = 1.20 

10u6 WRITE(3,917) STOP(I.N),F(I,N) ► O11T(I,1I) ► OUT(ItN+20) ►  
1 OUT(I,N+40) 

917 FORMAT(5X,5F12.3) 
DO 1065 N = 1.60 
oUT(I.N) = 0.0 

10u5 CONTINUE 
CONVERT STORAGE UNITS TO CFS 

no 1007 I=1 ► NCT 
no 1067 N71,20 

10Q7 STOR(I.N)=STOR(I.N)*43560.0 
1005 CONTINUE 

IF cio(in ► .F0.1) t.,0 TO 201 

iNPUT PRECIPITATION BATA 

NK = -1 

DO 1090 V = 1.120 
10v0 PREC(K) m 0.0 

REAU(1.11) IFMTPrINC,TCTkT 
IF(IST0 T.LT.1) IC1RT = 1 
NNN = 0 

20un TF(IFMTR.F0.1) READ(1.10 5 )NOsTA.YR,MO,OAY4 ► MIN.INC. 
1 	 (ADRA(*),I=1.12) 
IF(IFMTP.FU.2) READ(1.1131NOSTA,TI.TY.YR.MO.DAY.HR. 

1 	 (APPA(I),I=1.12) 
IF(MO.f,T,12) GO Tu 2020 
TYR=YR 
TMO=m0 
TDAY=DAY 
NK = NK + 1 
TF(NK.LT. 1 0) GO TO 2005 
wRITE(3 ► 110 8) 

9'M FORMAT(///t28) YGU ARE GIVING mr MOPE PRECIPITATION CARDS THAN I 
1CAN HOLD. 120 VALUES IS THE LIMIT.') 
CALL EXIT 

20u5 CONTINUE 
NKI = 13 - ISTRT 
DO 2010 T = 1,NKI 
N = I + TrTRT - 1 
IF(12*NK+T.GT.120) 00 TO awn 

= FINN + 1 
2010 PREC(NNN) = ARRA(N) 

TSTRT = 1 
GO TO 2000 
PCOR=ARRA(1) 
TF(PCOR.LT.0.01) i-)COP=1. 0 

 DIST=INC/^ ELT 
NnisT=nisT 
nISTR=NDIC, T 
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IF(NDIST.LT.1) GO TO 931 
IF(ABS(nic.T-DISTP).LT.°.001) GO To 2021. 

9j1 WRITE(3, 0 32) INCrUELT 
9.)2 FORMAT(10Y,'40) RRECIP INCRE"ENT 0F'FF . 5.2F • MINUTES NUT Cv('IPATIBL 

1F WITil SI"ULATTON INCREMENT OF'rr5.20 MTNUTES 1 ) 
IERROR=IFPROR+1 

20_1 7)0 2022 K=1,IT 
j0=(K-1)/mDIST+1 
PAINIK)=PoEC(JO)/bIST 

2042 rONIINHE 
nO 203 K=IrIT 
PREC(K)=PAVI(K)*PLOR 

2(4.3 CONTINUE 
2025 CONTINUE 

C 
C 1NPuT STRFAmFLOW PATH 
C 

PEAo(1p114) NU",IhMTSrTNr,TSTRT,(NSO(I)FT=1,NUM) 
TR(NUM,LE,01 GO 10 2030 
Tr(ISIRT.1_T.1) IS1RT = 1 
TEST = INC/IELT 
MAST = nTsT 
nisTP = NnIST 
IF (MST.LT,1) Go TO °31 
IF 1AHS1nTST-OTSTk).GT.0.001) GO TO °31 
IF(NUM.GT.0.ANO.MUM.LL.5) GO To 2024 
WRITF130°11 NUM 

9J1 FORMAN/9Y, '29) I C4r1 ONLY ACCEPT 5 LorAT10NS FUR MEASURED STKEAMF 
1LOW, YOU ARE ('IVING ME'tIo) 
CALL EXIT 

2044 K2 = 0 
DO 202° I71.NUM 
M = NSO(T) 
NSD1I) = 0 
MSO(H) = T 
N = I 
nO 2025 K = 1,TT 
SF(NrK)=0.0 

2045 CONTINUE 
2049 K2 = K2 	1 2  

K1 = K2 - 11 
IF(K2.GT.TT/NOIST) K2 = iT/^IST 
TF(IFMTS,F0.1)RFAU(1.107)NOSTAP(CF(N,K),K=K1ph2) 
IF(IFMTS.ro.2)REAu(1,113)i4OSTAtTTFTY,YRON,UAY,HR, 

1 	 (SF(NrK) , K=K1,K2) 
IF(ISTRT.rw.1) GO TO 2031 
K? = 13 - ISTRT 
nO 2069 IK2=1,K2 
NKI = TK2 - 1 + TSTRT 

20L5 SF(NpIK2) = SE(Nri4KI) 
TSTRT = 1 

20J1 CONTIIiHE 
IF(K2.LT.CIT/NnIS1)) GO To 2 0 2 8  
IF(NDIST.F0.1) GO TO 202 °  
J=1 
no 2027 K-1,IT 

20J3 JK=K-1.1-1)*MDIST 
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OJK=JK 
IF(JK.LE.MST) GO TO 20 72 
J=J4.1 
GO TO 2037 

20J2 IF(J.E0.1) GO TO 4034 
OT(K)=9F(N,J-1)+(SF(N,J) SF(",J-1))*nJV/nIST 
ru TO 202 7  

20.-d4 OT(K)=SF(N,J)*nJK/OIST 
2047 CONTINUE 

or) 2037 KritIT 
SF(NyK) = uT(K) 

20.7 CoNTINuE 
2049 CONTINUE 
20J0 CONTIN!.IF 

C 
C iNPUT LJATP FPM  PRFVIOUS CT"ULATIoN 
C 

TF(I0(20),IF,1) G. TO 204:D 
PE4U(1.101) VtNMF(NF(I)FI=1,MM) 
INM = HU" + 1 
NUM = NU" + NM 

2o4n K = IN ,, 4,Num 
= NFAK—INM+1) 

MSD(N) 
N = K 

2040 PEA0(V.10) (Sr(NyI)tf=ifiT) 
2046 CONTINuL 

C 
C LoYoARL OuTPHT AT PAAPS OF CELECTT) LOCATIONS 
C 

IF(I0(18).NF.1) ru TO 2091 
I0(1) = 1 
PFAD(1•101) NC"Pe(N1(I),'"?(I)0.7.10 , 1c ■Ap) 
no L046 T = 1,NC"P 
N = N1(I) 
MSC(N) = 
NF = U2(1) 
NG(NF) = 7  + NtIm 
TFPT(N) = 1 
IFPT(NF) 7.: 1 

2046 CONTINUE 
N11 = NU" + NCMP 

20 1 IF(RUNOPT.GT.1.5) READ(1.101rEmn=1000) T1,12,1.5 
IF(I1.F0.°9.ANO.I2.F0.9n) GO TO loon 

20J5 CONTINUE 
C 
C 	INPUT FXCESC RAINFALL FROM RUNrFF rILF 
C 

TF(Ioct0).nr..1) GO TO 2qqy 
TzN = Trirn(1) 
IF(INF0(1).GT.4) IZN = 4 
IF(INFO(1).LT.1) 1.7N = 2 
I=DELT+0.n1 
INF=11 
nO 2997 K.7. 1•I7N 
READ(INFO01) Ti 
IF(IZ.LT.1.OR.IZ.OT.4) (',C TO 2 0A0  
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69D3 TSOIL(TZ) = 2 
PEAD(iNF.2998rENP=6000) Typ,TMOFTDAY,IHPS,NSTLP,(EXC(IZriiN), 

1 	 Iw=1,12(1) 
IF(NSTFP.rO.I) GO TO 299 7  
WRITE(3,9 77) NSTFV.DFLT 

9/7 FORMAT(///10)(.50(' ,0)//10A."0) LORRY, RIG TROUBLE.'/15X. 
1 'TIME STEP ON TAPE',I5/15XOTI"E STEP SPLCIFIED FOR THIS RUN', 
3 Ib/10XOTHEY MUST RE THL SAME , //10Y,50( 0 *°)/) 
TERROR=IE 0 R0R+1 
GO TO 29°7 

2998 FORMAT (5T5/(12F6.3)) 
290n WRITE(3.2n68) IZ 
2908 FORMAT(5X031) SOIL NUMRFR(1,2,3 OR 4) FROM RUNOFF FILE' 

1 	ImPR 1PER 9 / 5X. 9  VALUE PEA0 WAS 1 08 ) 
IERROR=IFPROR+1 
GO TO 6957 

2997 INF=INF+1 
00 2987 K .7. 1,4 
TF(ISOIL(K).NE.1) GO TO 2987 
WRITE(3.2n66) K 

2966 rORMAT(//5X032) YOU HAVF SPFCTFTEO COTL',I20 FOR ONO, 
1 • OF THE AREAS RUT HAVE :SOT GIVEN THE PPOGRAM THE'. 
2 	RUNOFF FILE FOR THAT COIL') 
IERROk=IFflR0R+1 

2967 CONTINUE 
IF(IMO.GT.12) GO 10 6000 
IF(RUNOPT.C.1.5) GO TO 2052 
TF(Il.NE.TYR) GO 10 2055 
TF(I2.NF.IMO) GO 10 2055 
IF(13.NE.IDAY) GO TO 2055 

2062 CONTINUE 
C 
C 	PESET ARRAY, TO ?FRO 
C 

no 2996 T=1.120 
no 2995 N=1.NELMTS 
NZ=NIO(N) 
TN(HZ,T) = 0.0 

2995 OUT(NZ.T) = 0.0 
DO 2994 N = 1.50 

2994 OF(N.T) = 0.0 
2996 CONTINUE 
299n CONTINHE 

TF(IERPOP.E0.0) GO TO 6569 
WRITE (3,65701 TERROR 

6510 FoPMAT(///10X.I5ot ERROPS IN IMPHT CARP`: — bElIER LUCK NEXI TIME') 
IF(IERROP.GT.25) oRITE(3.057 1 ) 

65/1 FORMAT(/1 0 XODPOr BACK 30 YADOC ANo PNNTI) 
CALL EXIT 

6569 CONTINUE 
wRITE(3.6572) 

6572 FoRmAT(/////10YONO FATAL ERPOPS IN TNPHT CARUS DETECTED—(4L-0IN SIM 
1ULATION'.1H11 

C 
C BLGIN SIMULATTON OF RUNOFF 
C 
C 	 T = TIME 
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= SEGMENT NUMBER FOR OUTrLOw ARRAY 
K = SEGMENT NUMBER FOR INFlow ARRAY 

T = 0 
30un T = T + 1 

M 7. 0 
TV(T.GT.TT) GO TO 5000 
no 30UP K = 1.100 
0(Ki1) = n(Kr2) 

30u2 O(K,2) = n.0 
no 3003 K = 	1.100 

70u3 	AUD(K) 	= 	P.O 
301n N = M + 	1 

TF(N.uT.NFLMTS) 	ou TO 30nU 
IF(TYPF(N).E°.11) GO TO 3100 
TFATYPF(N).FQ.22) GO TO 3200 
IF(TYPE(N).FQ.33) GO TO 3300 
TF(TYPE(M).E0.95) GO TO 3010 
IF(TYPF(N),E0. 09) GO TO :000 
wpITE(3.Q 09) TYPE- IN) 
CALL EXIT 

...)UmENT SIMI ft 	FUR SOURCL AREA 

31un CoNT1NuE 
Tr(10(10).E0.1) (zU Tn 31 1 '.) 

ALL! LATTON OF PAINF ALL EXCESS VIP Nrn-1pHYOPoL061C LNGINEENING %,ENTFR. 

TF(ITYPEW).GE.-1) GO TO 31 0 8 
= mc,01) 

K = IAN(N) 
J = IANINrAME) 
FXC(K,T) 7 EXC(J,1) 
K = INTO(") 

= INTO(!SAME) 
0(K0)=0(.1.2) 
ADD(K)=An^(J) 
(0 TO 3nln 

31uR CONTINUE 
1.0 

RAINIT)=PRECIT)+PLD(M) 
EXCESS = 0 .0 
LOSS = 0.0 
IF(U(N).oT.0.9n9) GO TO 3109 
IF(CUML(N).LT.O.nUl) GO Tu 3107 
X = RTL(M)**(0.1*LUML(N)) 

31u7 noNTINHE 
nLTK=0.0 
IF(DLTKR(m).GT.1.uE-6) DLIK=n.2*^LTKP(N)*(1.0-CUML(N)/OLTKr<(N))**2 
TF(DLTK.LT.0.0) 	LILTK = n.n 
LOSS = nLTK + SL(k)/X 
IF(ER(N).'";T.0.01) LOSS = LOSS*PATN(T)**ER(N) 
EXCESS = (1.0-U(N))*(kAIN(T) -LOSs) 
IF(EXCESS.GT.O.n) 	GO TO .511n 
EXCESS = 0.0 
LOSS = RATH(T) 

311n CUML(N) = CUML(N) + LOSS 
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liuo EXCESS = -,XCEScs, + um)*RAIN(T) 
K = IA N ( H ) 
jj = 1^JO(N1 
IF(TYPE•).NE.11) EXC(101) = c- XcESS 
so TO 711J1  

C 
C 	oALCULATION OF RAINFALL EXCESS FPO" RUNOFF FILE 

314. 1) EXCESS = c.OTLIArl*FV.:(1,T) + SoI12(N)*FxC(efT) 
1 	+ SoIL3(N)*EXC(3rF) + SOTL4(N)*FYC(4•T) 

C 
CAL:.'ILATTOM OP (vrA4Lt0lo FLOW VIA cr, A' 4 c=t1 Rn, STANFORD TECH.REPT.3 ,/ 
C 

T.0.1F-za) GO TO 31E, 0 
GOEC(N)*(FXCLSS/PC)**0.6 

or:TM1 = 0.0 
OFT"1 = OF(KFT-1) 

0EChK = 
MCV = n 
7 = PC*LEr6TH(N)/t23.8*APLA("!)) 
7 2=ZA, 0 

C 	 23.P=2.0*12.0*6. 0 17 : CFC -uP/ACRF TO FT 
FXCESS = FxCESS*tENGTH(N)/1 2 .0 
T[f(OLCHK.IT.O. 00) GO TO 312o 
^ ^1Fw()=OoLO(N) + EXCESS 

r', 0 TO 312? 
1.Y ONFA(M1=n0Lfl(N)+EACECS-7*(OFTM1+ ^FCHk) 

Ti.: (NIWO11 . (7, Tol.OL - 12) Gj' TO 312') 
nNEw(N)==n0Lo((J)+EXCEcS 
TT)KIP=1 
Y = 1.n 
Tr-- (LT.l.nr-12) 	GO TO 612 11 
IF(JE.GT.nNEW(U)) 	X = nt''LW(N)/nr- 
Y = rilF- No , )*(1.o + 0.6*X**3) 
Tr(X.6T.1.0E-12) 	X = X**1. 6 7 
Ov(KrF) = OFCT(11)*X 
TF(OLCHK.(T.0. 00 .AND.ISKTP.Fn.r) GO TO 3126 
TF-(L2*OF(veT).ST.u.75*ONridN)) oF(KFT)=0.75+UNEWC4)/72 
o:lEw(11)=OoLo(N)+FACES1.3-72*OF(KrT1 
SO 10 7151 

716 CONTINUE 
'TIFF = 	 OF(KyT) 
TF(i;IFF,LT .1.0"-12) 	GO TO 3 1 50 
01K = AA F, (OFCHK-OF(KFT))/(0.q*E) 
IF(CHN.LE.OLCW) GO TO 3 15o 
TF(NC.EO.NOP) 6'1PITE(3,w1 1) oOrC(N)0E•O • LT(N) 

9o1 F3PMAT(?YolODF(7= 1 oE10.4,' 7F=',F10.4. o  OFCT=° rt10.4) 
NCK = '1CK + 1 
TFINCK.GT.N0p) 

, FRTTL(3.oil2) TyN,NCK,OFC ,4K,OF(KFT)FUOLD(1J)rJNEW(N).EACESS 
90",  FoRMAT(2Y. , TIMF=irI3.' SF,A1FNT=vpI3,/ TTFRAII)A=$.13. 

1 	OEO-Nr- oi FLOW='2F10.4, 1  010-Hrw r1EpTU=/.2 -E10.4.' EACES=/rE9. 
Fl = FD(''Cv) 
rut = 1.0 - F0 1  
OFCHK = F°1 1, 0E(KFI) + Fo2*0FrUK 
TF(riCK.LT.21) 	Go To 312O 
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1, TTE( -irq^:5) rJ.T 
EORMAI(//10Y, 1 33) 	TWENTY TRIMS COULfl NOT bLT SOLMION r UN SLGM 

117 HT 1 tI4, 1 	AT TIHE 1 ,I5//) 
IF(CHK.GT.U.2) 	(7u TO tOnU 
4, TTE(3,c1 64) 0E(KPT),OFCHK 

9u4 FORMAT(1nX,IHO'a7VLR. SINCL ESTIMATES DIFFER BY LESS THAT iu PLP CL 
INT uSLr AvERAGr (11 ,2E10.4/) 
OF(KrT) = 0.5*(0E(KfT) + UFCK) 

TAIjn ')NEo(N) = unLD(N) + FXCES 	Z*(mFTml + oF(Kri)) 
31;1 ":)Li.,(10=P"1:1(N) 

c'e IC -4 17r,  
C 
C 
	

RoUTL LXCF-,- s FRo lAirlwATFPsHFn WITH LINEAR STORAGE MODLL 

7  VjO(") 
7 1<CE c'x'::1 	7- X r7ES C,/ DLtAPLA(")*0•9 1 1 1  
W= IAN(N) 
nF(K,I) = SX(N)*FACESS 
IF(T.UT.1) "F(11 .1") = 0E(1<,T) + SV(N)*OF(K,T-1) 

C 
CnNTINUE ROUTINr; FACEcS WITH EITHER mOD cL 

'A./n r()HTIi.k+F 
J = I(:TO(N) 
JZ=NIU(J) 
1(J,2) = 	+ OF(K.T) 
suNij(n).7c1 5 ynGj)i";-( r T) 
IT(lYCF(J).EU.11) ATM(J)=j(jr2)* nC/APEA(J) 
Ii:(1YPE(J).E0.?) FJ(J7,T)=IN(J7.T)+0F(K,T) 
r:-) TO 

32un CONTINNE 
C 
C ,Jc7G"rIT (,)TmNLATION FuR CHAN NEL EACH  VIA KTNEMATL., RJUTING—LAHLI(IT 
C 

2r=r 2C*360 1 . 
7)(=LENC;TH(i0 
Cr:)=A(N) 
NX = 
IF(CIW!A( - ).LT.A(Nl) NY = N + inn 
, JZ=HTO(N) 
cczin(m7,T)/ApArw(NX) 
TF(CC.LT. 1 .nE-(1) LC=1.0r -0 
Cc=CC**(1.0P,IPArw(NX)) 
CC+cD 
'7:3=(C(3/2.1**CI 1'ANX)-1.) 
CO=CII*APAEM(NX)*vPARm(NX) 
(7A.7.0(N,2)+ON,1) 
CA=CA/(2.*DY) 
A2=CA*nX*^T+CD*F,x+Cl*CC*nr 
A2nA2/(DY4OT*C0) 
A(N)=A2 
`)')T(N .,TI-I).0 
TP(A2,GT,1.n F-10) 011T(N7,T)=(A2**mPARm(NX))*APARA(NX) 
K=INTO(N) 
KZ=NIO(K) 
TA(KZ,T)=TN(KZ,T)+01JT(NZfr) 
cUMu(N)=Slim0(N)4OUT(NZ,T) 
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TF(TYPF(K).EQ.11) AOD(K) = IN(KZ.7)*Pc/AREA(K) 
GO TO 3010 

33u0 CONTINUE 
C 
C -)FGmFNT SIMULATION FOR STORAGE FFFEGTS 
C 

K = NSTOR(N) 
J = INTO(N) 
NZ=NIO(N) 
JZ=NIO(J) 
IF(SK(N).LT.1.0E-51 GO TO 3370 

oUT(N1.1. 1 = Cl(K)*(IN(NZ,T)) 
TF(T.GT.1) OUT(NZtT) = OUT(N7,T) + C7(K)*(IN(NL,T-1)) 

1 	+ C5(K)*OUT(NZ,1-1) 
CO TO 1010 

33,n STRW,T) = (IN(HZ,T))*0.5 * PCS 
TFAT.GT.1)STR(KFT)=STR(KeT-1)+ST 0 (KeT)+n.5*((111(NZ.T-1)) 

1 —OUT(N7.T-1))*PLS 
TF(STR(KtT).GT.-0.001101) 00 TO 3'423 
OUT(NL,T) = IN(NZ,T) 
STP(K,T) = STR(KtT) — 0.5*PCC*OUT(NZ,T) 
GO TO 3340 

3341 SOLD = STP(K.T) 
NCK = 
KS = 0 
IF(STR(K,T).GT.1.UE—q) 00 To 33%4 
STR(K.T1 7 n.o 
OUT(NL,T) = 0.0 
GO TO 3390 

334:4 CONTINUE 
IFISTR(KfT),LE.STOR(K,20)) Go TO 33P5 
WRITE(3. 4n3) N 

993 FORMAT(2X034) STORAGE ON SFGMFNT , , T3.• HAS EXLEELED THE LATRAPOLA 
1TLD MAYImuM') 
OUTINZ.T1 = (STR(K,T) — STOR(Kr20))/PCS 
STR(K.T) 7 STOR(K,20) 
GO TO 334n 

335 CONTINUE 
= 1 

33.)n I = 	i 
IF(SOLD.GT.STOR(KrI)) GO TO 3 330 
OCH = OUT(N7,T) 

33o0 OUT(NZ,T) = F(K.I-1) + (F(K,T) — F(KtI-11)*(SULD — STOR(Kti-1)) 
1 	 /(STOR(K.T)—STOR(K,I-1)) 
7Z = 0.0 
IF(KS.GT. 11 ) GO TO 33f5 
SOLD = SOLD — 0.5*OUT(NZPT) *PC` 
KS = 1 
TF(I0(13).E0.1) WHITr(3.3395) M,TPIN(N7PT).0CH.OUT(NZ,T).SIR(K.T) 

1 'SOLI) 
TF(soLn.GT.n o o) GO TO 3323 
7 = 1.0 
00 3361 II = 1.10 
SOLD = SOID + 0.9*(OUT(N7.T)—Z*I"(N7,T))*PCS 
OUT(NZ.T) = IN(N7FT)*Z 
TF(SOLP.GT.0.0) GO TO 3325 

33u1 ? = Z — 0.1 
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011T(NL,T) = IN(NZ,T) 
STR(K ► T) = STR(K,I) — 0.9*PCS*OUT(NZFT) 
GO TO 339n 

33u5 SNEA = SN 0 + (OCH—ONT(N7.T))*n.c * PCS 
IF(I0(13).F1.1)WPiTE(3.3 195)N,T.TN(N7,7).00H2OUT(NZ.T).SOLuoSNEW.Z.Z 

3395 FORMAT(5)(. , SEG• ► I.)0 TImt 9 ► 4.3Y. ,  P1—RA*OUT-6A*ST010.6riU.2) 
OriK = 1.020 
nO 336P IT = 1,11 
7 = II — 1 
7 = Z*0.1 
CC = (1.0—Z)*OCH + 7*OUT(NZ,T) 
c!JrA = SOLO + (OC(r—CC)*0.13*PrS 
TF(SNEW.LT.0.0) SU TO 3366 
r1 0 3306 I = 1 , 20 
KS = I 

33u6 IF(SNEW.LT.STOR(Kri)) GO TO 7367 
3307 I = K!.) 

IF(I.LT.2) T = 2 
Csi = F(K.T-1) + (F(KpI) — F(V , I-1))*f9NSW — STOR(KPI-1)1 

1 	 /(STOP(KFT)—STOP(KtI-1)) 
CD = ARS(rC—CR) 
TF(CD.GT.crIt<) ;0 10 3368 
CHK 
CA = 
AA = SmFW 

= CC 
7301 c.ONTINUF. 

o'JT(NZ ► T) = CA 
0CH = C 
COLD = AA 
CoK = A3Cf(OcH—ou)(N7,T))/OUT(^17,T)) 
TF(CHK.LT.STCHL() GO TO 3540 
NCK = NC ►  + 
TF(NCK.GT.5) GO TO 3340 
no TO 3365 

334n CONTIMI1E 
IF(I0(13).E1.1)WPITE(3.3795)^ArT,TN(M7.I1.0CHFOUT(NZ.T).SOLorSWW.ZZ 
STR(KrT) 	SOU) 
ouT(riz,T) = OCH 

3311 Sumu(N) = sUMQ(N) + 	 ('U 
TN(JZ ► T) 7 TN(J7,1) + ONT(N7.T) 
GO TO 101n 

50u0 CONTINUE 

vIJTPUT nEsiPro mynpnoRnPHs, ANn OTHrR INFOrmATION. 

rINn MAXIMUM FLOW AT FLOAPOINTS 

no blun ^I = 1,^1FLhTS 
Mz=NIO(I) 
TrITYPF(N).F0.55) GO TO clOn 
IF(I0(3).r0.1) GO TO 500 8  
TF(I001).c- 0.1.'\NO.IFPT0q).F0.1) n0 Tr) cnnh 
TP(IFPT(N).E0.1) 60 TO 5 11 08 
GO TO 	.nn 
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50u3 CONTINUE 
MAXFLOIN/ 	= n.0 
IE(ITYPE(m)) 9009,5019,5019 

50UP OO 5010 1.  = lrIT 
K = IAN(N) 
IF(MAXELO(N).GE.OF(K,T)) GO TO 9 0 10 
MAXFLO(N) = OF(KrE) 
IF(T.E0.IT) WRITF(3,51q9) NtIVQ ► MO ► DAY 

90111 CONTINUE 
(4 0 TO 505n 

5019 (1 0 502" T = 1pIT 
IF(MAXFLO(N).GE.OUT(NZ,T)) GO TO 5020 
mAXFLO(N) = OUT(Ni.rT) 
IF(T.E.O.TT) WRITE(3,91 99) N0YP ► MO ► IDAY 

919q flRMAT(3X035) ***** POTE4TIAL Pr'OBLEM *****'/9X, 
1 0 MAXTMIW FLOW FROM SEGmENT 9 ,I30 AND STORM(YEARrMONTH,DAY) 9  
2 ' 19°,12,2130 UCCURPEn DUPING LAST TIME STEP.'/ 9X, 
3 'A LARGEk TIME STEP MAY BF NFE nED.') 

90,_n CONTINUE 
:.)ti CONTINUE 

51u0 CONTINUE 
C 
C OUTPUT OF 5TOPA'7,E,INFLOW•OUTF• OW 
C 

If- tIO(14).NF.1) GU TO 5552 
nO 5551 r. L.7.1,NELMTS 
NZ=NIO(N) 
IF(TYPE(N).'4E.33) GO TO '551 
K=NSTOR(N) 
WRITE(3, 9661 (INEU(I1 ► 17.2•19),N 

9uR PORMAT(1H1,10X0S1ORAGE FuR ',11 1 4•//10Y• 
l'STORAGE SLGMENT' ► I4 ► //15X ► TImF', 
21rIXOINFLO4',9YOuUTFLOW ° ► 9XOST9RA(F',/ 
3 15A0---- 9 .3(10X• 0 	 '),//) 
nO :1553 T = irIT 
JT = FLOAT(T) *OELT + nini 

55:.:)3 WRITE (3069) JTrIN(N7tT)tOUT(N 7  ,T)FSTR(K,T) 
gun =ORMAT(15Y,T4r7X•1-9.1r7X,F9. 1 •7X,F9.1) 

9 5:J1 CONTINUE 
55.52 TF(I0(3)."E.1) GO TO 5175 

C 
C 	OUTPUT MAX. FLOWS AI ALL POINT 
C 

WRITE(3, 0 0) (INFOK),K=2,19)ri",10AYFIYR 
no 5176 Nr_i•NELMTb 
IF(TYPE(N).FQ.55) GO TO 5176 
KKN=TYPE(')/10 
WRITF(3, 0"i1) NtISLO(KKN)0NIAXPLo(m) 

91/6 CONTINUE 
`1Y5 IF(I0( 9 ).E.1) GO TO 52n0 

C 
C utITPUT MAXIMHM FLOWS AT UESTREn FLOWPOTNTS 
C 

Wk1TE(3090) (INFO(K)FK=2,19),IMOrIDAYOU 
9_4(1 rORMAT(////10XOPLAK FLOWS F"R ',18A4/ 

1 10X0STOPM OF tr3I5//10Y0SrGMENT°,9X0SEGMENT'r 
1 	tIX ► PEPiK' /10YONOMPEP',FAYOTYPE°,6YOFLOW(CFS)'/IOXIO • • 
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2 5X.' 	°,6X0 
	'I) 

no 5150 N = 1,NELr'ITS 
KKN=TYPE(M)/10 

9150 TF(IFPT(N).FQ.)) WRITE(3r951) NOSEO(KKN),MAXPLO(N) 
951 FORMAT(1X,I14r°XrA4rF13.2) 

52u0 TF(IO(P).ME•1) GU TO 5400 
C 
C PRINTOUT DETA ILED HYGROGRAPHS 
C 

WRTTEl3r9 9 2/ (INFO(M),N=2.1q) 
952 FORMAT(1H1,10X0HYDROGRAPH DATA ''OR to20A4//) 

DO 5240 M = loNELMTS 
NZ=NIO(N) 
IFITYPE(M).EG.99) GO TO 9240 
TE(IFPT(N).NE.11 GO TO 5240 
TF(ITYRE(N)) 5210,5220,5220 

9210 K = IAN(N) 
WRITEl301 53) MrTYPE(N),( 0F(KoT),T=1,IT) 
GO TO 524n 

924:0 WRITE(3.9'7 31 NeTYPE(N1F(I.I=1F12ly(OUT(t'7FT)•T=1•11 . ) 
yto roRMAT(2Y.frLOWPOINT',I30 DRATMC FROM , •14,t, (CFS)'/ 

1 0012(7vt13)/9X,12(' 	')/(5)012F10.5)) 
c2411 CONTINHE 

C 
C t'LOT HYDROGPAPHS ON PRINTOUT 
C 
5400 CoNTINuF 

TF(10(1).NE.1) GO TO 5600 
WPITE(3,q 94) (INFO(N)FM=2,191 

954 rORMAT(1H1//10X. , PLOTTrn HYDPOGRAPHS FOP , ;18A4) 
no 5409 N = 1PNELMTS 
NZ=NIO(N) 
TF(TYPF(N).EQ.99) GO TO 5405 
K = INTO(N) 
CUMA(K) = C!JMA(KZ) + CUmA(NZ) 

C 	J = IAN(N) 
C 	IF(J.GT.0) GO TO 5403 
C 	no 5402 T = 1.TT 
C54u2 IN(NZ,T) = 0.0 
C 	r-O TO 5405 
c.54u3 r)() 5404 T = loIT 
C9404 IH(NZPT) = EXC(Jpi)*AREA(A) 
5405 CONTINUE 

C 	no 5410 N = 1.NFLTS 
C 	Nz=NIO(N) 
C 	IF(TYPF(N).FQ.95) GO TO 9410 
C 	J = INTO(N) 
C 	jz=NIU(J) 
C 	nO 540 0  T = 10T 
C54u9 TN(JZtT)=TN(J7FT)+IN(N7,T) 
c541n CONTINUE 

DO 5500 N = 1,MELkTS 
IF(TYPE(N).E0.59) GO TO 9500 

C 	DO 5415 T = 10T 
C5415 IN(N,T) = IN(NrT)/CUmA(N) 

IF(IFPT(N).ME.1) GO TO 5500 
TF(I0(1)."E.1) 	Gu TO 59 9 0 

201 



NSF = 
TF(USC(N).Lr.0) GU TO 5416 
MKT = NSC(N) 
NSF = NG(NKT) 

5419 TF(NSU(N).(27.0) NSF = NSF , (N) 
IF(NSF.LE.0) 60 TU 5419 
no 5417 T = 1,IT 
TF(I0(18)) 5416,5416,5414 

54/4 NKT = NIOtNKT) 
IF(OUT(NKT,T).GT.i.1AYPLO(N)) "AYFLO(N) = OUT(NKT,T) 
GO TO 5417 

=416 IF(SF(NSF,T).GT.MAXFLO(N)) MAXFL^(N) = 5F(NSF,1) 
5417 CONTTNNE 
541` CONTINUE 

OTFN = 0.0001 
OTEN = DTEN*10.0 
TF(MAXFLO(N).GT.O1P1) GO TO 5 4 2 0  
J = MAYFL0(N)*5.0/DTFN + 1.0 

J*2 
XA = U.1*Y*OTEM 
X1 = xm ,01.29 
X2 = Xm* 0 .5 
Y3 = xm*(1,75 
KKm=TyrEoo)/10 
WRITE(307) 	ISEG(KKN) r!' 

9J7 FORMAT(///20X,A4,' SF6MENTI,T4,1('X, 1 * = SIMULATED FLOW, 0 = OBsERv 
1F0 FLow (r- Fc) , /) 
wpITE(3,snon) 

POun FORMAT(' TIME FLOV4 1 ,105WRATN FYCESS 	90) 
TF(XM.GT.n.0) GO TO 0 001 
TF(TUNTTS.NF.1) Gu TO Snli 
WRITE(3,P11(1) Y1rA200,X" 
(7;1 TO 81qP 

ROsl IF(THNTTS.NE.60) 60 TO 8 U12 
WRITE(301111) X1rX2.Y3rX" 
GO TO 01Fin 

P012 WRITE(301112) )(10c20(3,X" 
01 TO Pion 

P0u1 TF(TUNITS.NE.1)60 TO 8021 
W017E(304 120) Y1,A2,Y30° 
oO TO R19n 

P01 IFITUNTTS.MF.60) 60 TO 8022 
WRITF(3,P121) Y1rA20(3tYm 
r;0 TO Alon 

PO4 2  WRITF(3 ,81 22) X1rA20(3rXM 
SO TO Rion 

P11 0  FORMAT(' SEC. CFS O.U',2UX,r6.4,19X,F6.4.19XoFb.4,17X,F6.4,3X,'IN 

	

1. 	IN. , / , 	 —',20(' 	'),3(' 	----')) 
Plil FORMAT(' m1N. CFS 0.0,20)0F6.4,19X,F6.4,19X,F6.4,17X,F6.4t3WIN 

	

1. 	 —'.20(' 	'),3(' 	----')) 
P1i2 FORMAT(' HRS. CFI-, 0.0 1 .20X -6.4019Y.F6.4r19X,Fb.4.17X.F6.4r3WI1 

	

1. 	
"I"

-9•20(e 	9 )0( 1  ---- 9 )) 
P1,..0 FORMAT(' CEC. CFS 0.0r2OX,6.1.19X0F6.1,19XoFb.1.17X0F6.1f3X0IN 

	

1. 	IN.,/, 	 —1.20(o 	 '1.74 ( 9 	----')) 
Piet FORMAT(' !"IN. CFS 0.0 1 ,2uX,F6.1,19Y,F6.1,19X,F6.1,17X,F6.1,3X ► IN 

	

1. 	 _1,20(, 	'1,3( 9 	----/)) 
P1e2 FORMAT(' HRS, CFS 0.0'0UX,r6.1,19X,F6.1,19X.Fb.1,17X,F6.1,3X,'/N 
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1. 	IN.t/o 	 —,,20(t 	, 1,3(t 	----t)) 
Glyn CONTINUE 

NSF = n 
K = N 
IF(NSU(K).GT. 0) UO TO 5427 
IF(NSC(K) .LE. 0) GO TO 9 428 
NKT = NSC(N) 
NSF = NGWKT) 
GO TO 543n 

54 7 NSF = NST1(K) 
GO TO 543n 

!-JicP CONTINUE 
54J0 CONTINUE 

n() 5450 T = 1.TT 
nO 5434 V = ',int 

54j4 TCHAP(K) - IBLK 
!CHARM) 7 ICT 
ICHARt26) = ICT 
ICHAR(51) = ICT 
TCHAR(761 = ICT 
TCHAR(1011 = ICI 
IF(1TYPEW)) 5436.5478o5 0 38 

54Lif-. K = IAN(M) 
I = OF(K.T)/Xm*100.0 + 1.0 
7 = OF(K.T) 
(=f) TO 543n 

54,)P NZ. = NTOW) 
I = 00T(N7,T)/XM* Inn.° + 1.0 
7 = OUT(N',T) 

54•° 
 

CONTINUE 
IF(I.GT.1^1) I = 101 
!CHARM = TCX 
IF(NSF.LT.1) no TO 5441 
TF(10(18) .FO.1) SF(NSF,T) = OUT(NKTFT) 
I = SF(NSrpT)/Ym*100.0 + 1.0 
TF(I.GT.1n1) 	I = 101 
TCHAR(T) = ICO 

5441 CONTINUE 
JT = FLOAT(T) * OELT + 0.01 
TF(PREC(T).LT.0.001) GO TO 9442 
IF(IN(NtT).LT.O.nUl) 	GO TO 9444 

C 	PCT = 10 0 .0*IN(NrT)/PREC(T) 
C5441 WRITE(3•955) JTF7r(ICHAP(K)0( =1001).PPFC(T),1N(N.T),VCT 
C 	GO TO 544f, 
5442 WRITE(30551 JT,7,(ICHAR(K)tv=1, 1 01) 

CO TO 544f,  
5444 1^fRITE(3. 05 51 JT,Z,(ICHAR(K)rv=1,101)WREC(T) 
9J 9  FORMAI(1Y.I1,F7.1,1X.101A1,2r 6 .2,F6.1) 

5446 CONTINUE 
54Jn CONTINUE 
5500 CONTINUE 

C 
C vUTPUT OF Mt■.Y.IMUM STORAGE 
C 

TF(10(6).NL.1) GO TO 559n 
WrTTE(3, 0 F, 51 (INFO(I1rI=2•19) 

9v9 FORMAT(1H100X,IPLAK STORAGE VOLT ME9 FOR',18A4,//15XOSEGMLNTte 
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111x, , PFAK sTORAGF--Cti FT 
	AC rT 
	

TN 1 /15X0 	 
2 	 --I//) 
no 5540 N71.NELmTS 
IF(IYPE(N).NE.33) GO TO F540 
,1AXSTR(H) = o.n 
K = NSTOR(N) 
r)( 5535 T = 107 
TF(MAXTR(10.LT.IR(KFT)) MAYSTP(N) = sTp(K,T) 

55.,5 CONTINUE 
AA=mAxcTP(N) 
I1=AA/43560. 
C=R*12./COMA(N) 
wRiTE(3.c4, b) N.AArtitC 

9u6 FORrAT(I1 r',F30.1.1- 12.2,FP.2) 
5540 CONTINUE 

C 
C vilTPuT nF RAINFALL AND RUNOFF WILtikIrS 

F5J 1  IF(Io(5)."E.1) On TO 560n 
C 	1,wilE(3,c4, 0) (INFu(T),I= 2 ,1°) 
C 	PC = 0.0 
C 	nO 5810 T = 1.IT 

comp=r,Nmp+przEr(T) 
C 	PO 5F, u 0  N=ItNELMTS 
C 	IF(IFPT(m)."1E.1) 00 TO 	on 
C 

	

	IF(TY1-, F(m).F0. 5 5) GO TO Fo00 
voL1 =sumogro*PC*3000,/43 5 50, 

C 	VoL2=VoL1*12./OUmm(N) 
C 	71-7 (RUNoPT.LT,0.9) PC=VOL 9 *1 00 ./c , WP 
C 	wRITF(Itni.i) NtSIINPFVOL2iVOL1PPC 
C gun FOPMAT(1 1-11 ,10X.F4LL ANT RI'NnFF VOl (WES FUR' .18A4. //1 bA LLEML 
C 	1NTI.5),IPm, INI,9Y.'PUNuFF'.5x.'PlroOFFI.' 7 YOPLF0/28ArlIN.or7A.IIN. 1 0 
C 	2Y. 1 AC—FT.',9X0CFLT'/19Y. , 	It9Yr• 	•FA. 1 	 

C 9u1 FORMAT(I1n,F12.2,F11.2.F11.3.Fq.1) 
9du0 CONTINHE 

C 
C 	 DiscHARnE nN LARns Or FIl E Or" nicctiARe,L Al LAST PUINT. 
C 
saun TF(Io(19).Nr_.1) co Tn 57nU 

l' ► EL = NIO(NFLMM 
TF(INUFX.rE.1)G0 10 5590 
WRITE(10.106)(01IT(NEL.T)pr=1.IT) 

96/0 IF(INOFY.HE,2) Go TO 5900 
TF(10(10).F0.1) Gu TO 57 0 0 
wRITE(11.106)(OuT(NFLFT).1=1,IT) 

59u) IF(INUFX.PAL.3) Gn TO 5910 
wwITE(12. 1 06)(OUT(NFL,T).T=1 , IT) 

5910 TF(INUFX.^1E.4) GO TO 5920 
WRI1F(13,1V0(011T(NELFT)•F=1•IT) 

5°2u IF(INUEX.('E.5) GO TO 5930 
wNITE(14.106)(o(1T(NFL.T).1=1,IT) 

59.)0 TF(INUFX.mE.6) GO TO 5940 
wi“TF(15,106)(OUTINEL,T),T=1•IT) 

5940 IF(INuFX." .1 E.7) GO TO 595 0  
wPITE(16.106)(O(lT(1JFL.T)FT=1FIT) 

5950 TF(INLFX."'E.8) GO TO 5960 
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wRITE(17.106)(O(IT(NELpT)rT=1rIT) 
5900 TF(INDFX.HL.9/ GO TO 5970 

WRITE(18.106)(0UT(NELFT)rT=1,/T) 
5910 CONTINUE 
5700 CONTINUE 

C 
C INRITE PEAK FLOWS FOR FR!QUENCY ANALYSIS 
C 

TF(I0(101.NE.1) GO TO 10% 
TF1RUN 0PT,GT.1.51 GO TO 2051 
no bo5n N = 1,NELmTs 
TF(IFF'T('I).NE.1) uo TO 6050 
WPITE(of6001) NFIYRrIMOrIOAYrMAXrLO(N) 

60u1 FORMAT(415,F12.2) 
60:In CoNTINUF 

Go TO 2095 
60u0 	= 499 

= o.n 
WRITE( 0 1 P!pTYR.IMUtI!AY.Y 
PEWINO 
CALL FPEn 
rtin 
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cH9I(OUTINn rJOnIS(ICHK) 
DEAL J91.JS? 
PEAL Cr1 (1'1 ) 
nATA Gq/4.2r3.P9r.).57r3.10•2.46..02,1.71,1.4/f1."48•1.14r1.02,1.0/ 
INTEGER. V' 
REAL C')Ir(29),JFL,JrLE 
COMMON isToni VHFIFRPOPp e)LLFv(251,FLFV(25)tAREA(25)eVOL(25),DIS(25 

I) 
nO 200 IN=1,25 
9(-LLV(TN)70.f) 
FLFV(IN)rn.n 
AkEA(IN)=fl.0 
VoL(IN)=n.0 
n1S(IN)=9.0 

2u0 CONTINHE 
PI--- AD(1.101 Kr),KE 

in rOPMAT(2T4) 
TF(Kfl.Lr.l.ANO.KF.LF.1) FO Tn 9 
k•PITE(3.° 9 ) KOrKr 
rORMAT(// 1 0X,'15) *** FRPoR-vALIIrS Or Tmnr_x 'vARIAOLES KE AolD Kr' 
1 ,2I5,' FnR STnRAuE SEGMF,J r.RFATER THAN 1.'// 
2 	lOWC^RnS POCSIRLY OM 0r OPnER') 
TEPROR=Ir 0 R0R+1 

5 IF(Kfl.! E.l.AP10.KF.NE.1) no To 4n 
PLAD(I.11) Kr(SELLV(T).T 7 1,K) 
e),„) 45 T=1,K 

49 rLEV(I1=r,7 LFV(T)-SELFV(i) 
TF(K.Lr.?°) GO TO 40 
, IPTTE(3,31) K 

,J 1 FoRMAT(///10X016) 'f I4,' I9 T 00 MANY FLrVATIuNS FOR STORAL SF:64E 
1NT,MAX721') 
TERROR=IEnR0R+1 

40 CONTINNE 
TF(K17.70.1) GO TO 50 
BEAU( 1,11) Nt(VOL(I)tI=1,N) 
FoRMAT(IP,(10Fq.2)) 
TF(iI.Lr.2°) GO TO 4? 
WRIT4- (3 ► 4) N 

J4 FORMAT(/lnx017) 	 TOn "Apt tly voLomrs FOR STORAGE SEoNENTO 
1 	,' MAX.= 20') 
TFRROR=IrrPnR+1 

4? TF(V(I.r0.") GO TO bn 
n1 46 T = 1Pr1 

46 VOL(I) = “oL(I)/4560. 
GO TO E0 

zJO PEAD(I.11) Nt(APriA(T),I=1,N) 
IF(VU.F0.7) GO Tn 5? 
nf) 51 T = 1,(4 

51 AREA(1) = ArTA(T)/ 1(3960. 
TF(N.GT.Pn) GO TO 53 

,2 TF(14.Lo.K) OA() TO n5 
53 WRITF(3.3n) 
JO rORMA1(///lnX01P) NO. ADEAC='.1 4 0 NO. FLEv=',140 MUST 0- EuNAL' 

le 	' AND (1:9S THAN 21') 
TFRROk=IF 0 RnR+1. 
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tJ5 CONTINUE 
VOL(1)=0.^ 
VOLl2)=IF1EV(2)-FLEV(1))*.5*(APrA(1)+APFA(2)) 
00 58 I=3.N 

T1=I-1 
D9 VJE(I)=IFLEV(I)-FLEVII2/)*.1667*(ARFA(T)+4*ARLA(I1)+AHEA(I4)) 

1 	+V'L(I2) 
ofl CONTINUE 

TF(KE.E0.1) GO TO 70 
PLAD(1.11) 
TF(L.LE.?^) GO To 80 
WRITE(3. 07 ) L 

• FORMAT(10Y.'19) ',I4. 1  IS TOE MANY OISCHAROE VALUES FOR SivRA6E , . 
1 	' SEGMENJ. MAX.= 20') 
TERROk=IFPROR+1 

/0 READ(1.13) JA 
43 FORMAT(I4) 

TF(JA.GT.A) WRTTEt3.91) JA 
• FoPYAT(//Sx.50(t*')//10X , '201 WAPNIN(  mESSAOE -- ARE YOU SoRE'. 

1 ' YOU WA"Tt.I5/5A. 9 0UTLFT S TRUC TURES fr° UNE OF THE SIORA0L° 
2 	' CEGYF"IS.'//5X.50( , * 1 )//1 
o0 72 T=1.25 

/2 	= n.0 
E ) 7P IX=1.JA 
PEAO(1.1?) JT.JE1... ► JS1.JS2 

12 PORMAT(I4.5F8.3) 
IF(JT.GE. 1 .ANO.JT.LF.o) C70 TO 
VOITE(3.3'')JT 
FORMAT(///lnX021) JT FOP STORAG E' SFGMFHT CANNOT EQUAL- 1 0D+) 
TEPROk=IFP1t1P+1 

/3 COMTINHE 
JELL = JEl-SELFV(1) 
IF(ICOv.Gr.1) WPT1E(3,36) jT.SELFV(1).JEL.J51ojS2 

J6 FORVAT(//12Yo° 	oUTLET TYPE 	ELEVATIONS 	 uIMEN -JIONSIr 
1 /12X.';2( , -t)/2nY.I4r4F1n.2) 

CSARFA=JS1*JS2 
IF(oT.Eo.1) CSAPEA=3.14159*(J51/')**2 
TP(JT.F0..1 ) CSAPEA=3.14159*(3S1c5 )*(js2/2) 
IF(ICHK.Gr.1) wRIfEtl.nn) 

• FORMAT (/11X.' TO1AL Q VOLUME 	HLICiHT LASE' 
1 9  HEIGHT 	HE/kO 9 /10x,60(._.)) 
1 0  77 7=1.K 	

THTs 0 

TE(JELE.LT.FLEV(I)) GO To 74 
CDIS(I)= 0 .0 
R = 0.0 
• = 0.0 
IF(I.EO.K) 1VRITE(3.98) jT,SEIEv(1),JFL.SrLEV(1) 

• FORMA1(//5x.50( 1 *')//10YP , 22) WA°NIMr; mrSSAUE'110x. 
1 /MO UISC!'ARGE FRoM ONE °F  TPE O''TLFT WORKS , /10X. 
2 'OUTLET TYPE I.I0/10X0FLEVATTOti or 9oTTOM OF STORAGE I. 
3 F10.2/10Y. 0 ELEVAIION AT uOTTOM 'F THIS OUTLET STRUCTUNE' 
4 .R10.2/1nX0HIOHLST ELEVATION Pr'ACPFD '.F10.e// 
5 5X.50(/* 1 )//1 
0') TO 76 

/4 CONTINUE 
P = FLEVIT) - JELL 
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GO TO (70o,700,70L,710•720,7 1 0).,IT 
?kJ() FIX = ti 

n = P/JS1 
TF(u.LT.2) C=0,271..)+0.15*P 
TF(I.).CE.2.ANO.n.L1.41 C=0.49+0.0h*B 
IFIL.(iE.4) C=0.61+0.n1*P 
TF(C.GF..75) c7(1.75 
TF(C.LT..50) CO.()=5 
IF(h.GE.1.0) CnIS(1)=C*CCARFA*SoRT(64.4*FIX) 
IF(b.LT.1.0) COTS(I)=C*C', AREA*F7 OPT(64.4*RX)*b 
GO TO 76 
C_IS(I) = 3.0*JS14e**1.5 
GO TO 76 

7o0 PTO = 2.n*B/JS1 
TR = kTO/r1 .2 
IR = ip 	2  

IRM1 = IP - 1 
IF(IP.LE.12) GO TO 115 
C = CIAl2i 
=,0 TO 12n 

1i5 FCT = (RTo - FLOA1(IP-2)*0.2)/F1 .? 
C = Cb(IPn) + (Cu(IP)-CfllIR"1))*FcT 

1c.n C°1S(I) = C*3.14*,61*B**1.5 
(O TO 76 

70 rDIS(I)=4,8*n**1.5*((1.67*JS1+0. 4.3*n*Te , (JS2*U.01744)) 
/6 CONTINUE 

nIS(I)=DFAT)+COhJII1 
TF(oT.LT.4) H = FKX 
IF(ICHK.Gr.1) WRITE(3,39) DIC(T).CDIS(T)tVOL(i),ELEV(1),JLLEtb 

.J9 FORMAT(1Frer6F10.2) 
77 CONTINUE 
/q CONTINUE 
of) CONTINUE 

DS = VOL("')-VOL( 0-1) 
nj = u1151")-DV(M-1) 
no 85 TA=r,0 
VOL(IA+1) = vOuTio+nS 
OiscIA+1) = DIc(IA)+IN) 
TF(uIS(IA+1),GT.9999q9.0) DT(TA+1)=09 0,109.0 
TF(VOL(1A+1),GT.q.99%+7) VOIATA+11=1.9 0PE+7 

o5 CONTINUE 
,/n CONTINUE 

RFTUPN 
FT) 
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SUBROUTINE FRE(' 
TNTEGEP TYPE 
PEAL 1N.mAxFLO 
COMMON USn(q9), SF- (5,12(1), PPEC( 1 20),IN( 10o1eU).FLOW(100.1). 

1 	FACT. (" ►MA(100), ''1AXFLO(10n). TNFO(20). IbUF(1120). LDEV, TIMX. 
1 	'SPEC. TT. NUM. TYPE(100), TFV'T. IFPT(100), IAN(100). 
1 	OF(100 , 30.2). FL. NE(100). NSC(100)0n(20) 
T!ATLGEP TcHAR(12) 
flATA ICHAPPJAN.tr'FFB.tOMAP.°0APP.','YAY 1 0JUNEIOJULY'r 

1 	 'AUC, .t.'SFPIottOCT. , ONOV. , OnEC. 1 / 
"1 0 10 T = 1,10n 
TFPI(I)=n 
ML(1) = n 
TAN(I)=0 
!:, 0 10 J = ition 

In rLow(I.J) = 0.0 
• = n 
"PAW = '1 
TCOUNT = ^ 
TF(10(17).L0.1) 1' 1 I .T(3.133) (TW70(i),T=2.19) 

3,,3 FOPMAT(1H1.///5YOPL- AK FLOWS FnP ALL STnPMS FOR I.12A4/ 
1 	5X.100('—')) 

4J1 PrAU(9.9 c1 f),ERR=200,END=200)MSEormYRrmmo.MOAY.FLAK 
9"16 FDRMAT(4P-;,F12.2) 

Tr(10117).C1 .1)WP1T7(3,7)5Fr',NYnpNMO.NrAY.PEAR 
7 FC)RMAT(19vp'SFO= 	nATF='.3T50 PFAK= 

• = MYP 

▪ = 0.009 t, *CUMAINSEQ)/PC 
IF(FLOW(NrEO,NY7).LT.Z) FL-0W(NCrA,NT 7 ) = Z' 
IFINMO.GF.10) rIYZ = NYR + 1 
IF(NSEO.GT.100) Gu TO 33 
Tr(NYL.Lr.0.0R,MYL.GF.10n) Gn TO 203 
TFINSEn.L r .O.OR.NSEO.GT.100) Gn TO 203 
TF(NYZ 	.r0. 0) M1Z = inn 
TF(NSEO.LT.NOLn) FAOLn = 099 
TF(HOLr).GT.100) Cu TO 17 
TCOUNT = TCOUNT + 1 
IP(ICOIINT.GT.4n) 1COUNT = 40 
Hi:(NSE0) - TCOMMT 
'1OLL; = HrIrO 

17 CONTIWE 
TF(PFAK .1 T. FLOW(NC 7 J,MYL)) GO TO 27 
FLOW(NSEO,NYZ) = tJEAw 
J = (NF(NLO) — 1 )4c3 + 1 
TN(NYZ-16.j) = MYR + 0.001 
TH(NY1-16,J4-1) = NMO + 0.001 
TH(NY‘_...16.J+2) = •DAY 	0.001 
(7omTINHE 
iFFIT(NcEn) = 1 
TF(NSEn.GT.msn) M:.10 = NSF ■Ji 
GO TO 20 
COMTINIIL 
no 30 I = 1.109 
1)0 30 J = ',ion 
tv(FLow(Teu) .LF. 0.0) FLow(T,J) 7. — 1000. 
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TF(EL0'.!(Its.1) .;T. 0.0) FL0w(T•J) = ALOG(FL04(1pJ)) 
CONTINHE 
TF(I0(16).E1.1) WIKITE(3,444) (THrO(I),I=2.19) 

4 ,t4 FORMATf1H1//10YrtLLEVATION(TAr;r1 — nISCHARGE RELATION FOR' 
1 ,ixfi."'A/4/10X,10P(' — ')/) 
no 5 I=1.":11 
IF(IRRT(T).NE.1) GO TO 5 

C RLAO DISCHA,R(J- 
PEAj(1,2) J.K.I0F(I.MJ.1),NC=1.K) 
KOS = K 
IF(10(16).E1.11 WkTTr(30)Jr(OF(T,N0,1).(U=1,K) 
FORAT(//rxeISFGMLNT NO. 1 ,14,‘x. 1 0(CFC) = • FluFlUe3/ 

1 	30X,1nr 1 0.3/30x,10P10.*) 
C RLAD STAGE. 

PFAL 1 (1.2) j.Kr(OF(I.N0,2)eNo=1PK1 
T)-- (KOS.HF.K) 'O'ITL(3.0')0; KO/ OF. ,  

3.J1 PoRMA1(11rxtv*** POTP1JTTAL P l' OPLYM — MII"PER OF -.JTAGE VALUL—J' 
1 	t(itI.5.') AHD nic:,CHARG 	VALUrS(f t 13fs)'/I0Xt 
2 	'ARP-  r!oT TF1F SAME FOP SE(;"ENT NUMRER'rI4//) 

IF(10(16).L1.1) le!kITE- Org/Jr(Or(TrN0,2)rN(i1=1,K) 
q rU I--flIAT(/?Yl f SP-WrNi NO. 9 ,T4P3Yr I EL7V(FT)=" t rIU1'; 10.3/ 

1 	.5(Ar1Orin.3/30ArinF10si) 
Tr(JeN7.I) WRIT!"..(Je999) T.J 

6 ./P FURYAT(//10Y,t*** pITENTTAL PRORIEM — PPOGRAM ,,ANTS RATING TABLE't 
1 ' FOk S F '=MFNT 	 A"In DATA C 4 RD 
K,)si 	KOr+1 
D;) 	K = KOs1,75n 
0C(1,Kr1) 7- 0.0 
nE(ItK,2) = 0,0 

F1RwAit2T/+/(10rfl.6)1 
90 100 Ncn 
IFtIFPT(tv.:(fleNF_.1) 50 To Inn 
CPK = 0.0 
7 0 K = 0,r 
C5G = n.n 

KYP 
7sSo = nen 

= n 
WRITF(rccb1NS0p1iNFO(I) , 1=2.1 (1 ) 

515 FORMATC1H1/5)WAHNH4L PFAK FLO' ,1r, FoP SFrk'ENT Nu.',I3,' FOi< st 
1 	12A4/ 5Y,100('—I) 
1 	//10X.'WATEr7, YEA9 0 ,5YOPEAK FlOW(CFC)' 
1 ,5>WYEAR "ONTH LAY' 	/low 	 'rbX, 
2 ' 	 ----- _-- t/) 
no 40 MYr = 1,100 
IF (FLOwMS1,NYP) .LT. — (199e) Go TO 4 0 
KYR = KYP + 1 
cPK = SPK, t FLOVANS0, MYr1 
XX=EXP(FL 0 01(NSOttlYP)) 
7;PK = 7SPK + XX 
J = (HF(Nr(4)-1)*3 + 1 
T1 = IN(NYK-16,J) 
12 = IH(1YR-16.J+1) 
13 = iMitlYP16.J+e-) 
WRITE(3,6f60 MYP,AXtilriCHAR(I2),I3 

bub F'oRmAT(15vp , 19 , ,1,m0FP.1tRYt'1n , ,T2,2YeA4t14) 
4n CUNTINHE 
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IF (KYP .rO. 0) Go TO 100 
FYP = KYP 
APK = 5PK/FYR 
71 1K = ZS0K/FYR 
7)0 50 HYP = 1,100 
TF(FLOW(W:(Jpmyp).LT.-9PP.) GO TO 50 
5Y)=SS0+(rLOW( 1150vNYP) -APK)**2 
ISSO=LSS0+(r)(P(FLQW(HSOpmYP)) -ZAPK)**P 

jn (70NTIrJHE 
5r)FIK = (Sc(,1/(FYF - 1.0))**0. 
7 )PK = (7c, s0/(rYP-1.0))**0.5 
40 I1F(30PL3)ZAPIetcDPK 

60P FORMAIA2°Y,' 	1 //22Y0MrAM 7fpFq.1p8X0S1ANDARD UEVImilON =fp 
1 F8.1) 
0L5 = APw + 0,842*S0PK 
OLIO = AFT + 1.2P2*S0PK 
01_25 = AN + 1.751 ,1cSnPK 
01_50 = APv + 2.r154*SnPK 
OL100= APv + 2.320*r,now 
(_200= APV + 2.576*SDPK 
02 = LY0 (APK) 

= Eyr(OL5) 
0 10 = FYP(OLln) 
025 = LYfl(0L25) 
050 = EYP(0L59) 
0100 = FY 0 (01_1(10) 
02n0 = FYr(1L200) 
L = 

= 02 
u2 L = L + 1 

uP 

05 

u1 

wl 

= 	1 
= 	(4o 	+ 

TF(uF(NSOIN0.1).G4.1.UE-) 	nn 	TO 	61 
H = 	0.0 
(-, O 	TO 	64 
TF(HO.(F.7°) 	GO 	Tu 	65 
TF(OF(NS0,N0,1).L1.0) 	GO 	TO 	62 
LO 	= 	(JO 	- 	1 

= 	(OFW5u.N0,2) 	-0F(MSO.LO• 	2))/(COF(NSGpN(,1)•OF(NSUP 	Lur 	1)) 
**0.°) 

u4 
H = OF(NSOp 
TF(L 	.F0. 	1) 

	

LO. 	2) 	+ 

	

HP 	= 	II 
c*((U..•Or(MC'', LOp1))**0.9) 

TF(L 	.F0. 	2) H5 	= H 
TF(L 	.P(J. 	3) Hill 	= 	H 
IF(L 	.FC). 	4) H25 	= H 
'F(L 	.F1). 	5) HF;(1 	= 	H 
TFIL 	.v0. 	6) )(inn 	= 	H 
TF(L 	.FO. 	7) H200 = 
TF(L 	.r0. 	1) O = u5 
TF(L 	.F0. 	2) 0 = O19 
TFIL 	.F0. 	3) 0 = u2.5 
TF(L 	.r0. 	4) 0 	= 	(,!;)0 
TF(L 	.F.O. 	5) = 	inn 
TF(L. 	.F0. 	b) 0 	= 	1/4,,,20(1  
TF(L 	.Fo. 	7) GO TO 70 
On 	TO Fol 

/n VWTTF(30) MS0p(TI4F0(K), K=2#1 0 ) 
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3 rORM4T(//X0FLOO6 FREOHFNCY FOP FLOWPOINT'016.' FOR 
1 12A4/5X,100('—')/37X.'* 1 /10Y• or/EPIRN ' 
1 IPERIOD 9 .3WOR0oA9ILITY'.5YOFIOW TN crsopbx, , w 	s ELEV 	F1'/ 
1 10X.'  	 1 ,5X.' 	  
1 IDX0 	 'I) 

WrATF(3.4) 02, H2. 09. H5, 010. '4 10. 029, H25. G50, HSO. :i1J0, 
1 H100, 0200r H20U 
4 FORMAT(19X,T2—YFAkIplOW50, 0#  PlAX.F7.1.10X.1-7.1/ 
1 	15Y, 1 5—YFA10.10X.'20.n f  •1°X,F7.1.1UX.F7.1/ 
1 	14Y. 1 10—YFAI-0.10W10." .10X,F7.1.10X.F/.1/ 
1 	14X. 1 25—YFAkTr1UX. •  4.n' •1 0 X,F7 .1.10X,F7.1/ 
1 	14X,'50—YEAke.lux,' 2.n' •1^X,F7.1•10X.F7.1/ 
1 	13X01110—YFAk'.1UX.• 1." .10X,F7.1.10X.F7.1/ 
1 	13X0200—YFM-0010X.' 0. 	.1nX,F7.1,1UX.F7.1) 
WRITE(1,777) 

7/7 FORNIAT(///10X0*'/11WPFRCF"T C"ANCF U° ANY YEAR OF uETTIHC7 1 , 
1 ' A FLoon GREATFK THAN THAT imnTcA•17D IN THE TAbLE.to 
1 	/2°X.'---'.25X.' 	s) 

tun (0NTINHE 
r', 0 10 PO? 

20 WRITE (3,2^1) NiFOPHYR 
2u1 FORMA1(1nYp'ERROP REI1CHFO EN° OF FILF',2T5) 

rALL EXIT 
2u3 WqITE(3.2n4)NY7Prft)U7) 
2U4 FOPMAT(10X,'YEAR OR CLO. HO. FRO" FTLE T"PkOPEi0, 

2th) 
CALL EXIT 

2u? P7TORN 
FHD 
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ABSTRACT 

Urban development has occurred so rapidly in the Atlanta Metropolitan Area 

that the citizens and their governments have not been able to deal adequately 

with the associated flood and drainage problems. As the idealistic approach of 

locating everyone and everything on higher ground is costly if not impossible, 

the welfare of DeKalb County can best be served by a combination of 1) tributary 

area land use planning, 2) flood plain management including land use planning 

and regulation of flood plain building practices, and 3) structural measures in-

volving detention storage and drainage system improvements. Selection of a suc-

cessful combination requires information on how land surfaces and drainageways 

respond to a variety of precipitation patterns. Since watershed configurations 

and precipitation patterns are so complex and varied, hydrologic simulation is the 

only method powerful enough to determine fully the effects of land use and channel 

changes on flood elevations. 

In order to provide a working simulation model for use by DeKalb County, the 

Urban Flood Simulation Model was developed. Rainfall, streamflow, and soils data 

were analyzed with the Stanford Watershed Model to develop and historic data file 

of rainfall excess for the range of land surface conditions found in Dekalb County. 

The Urban Flood Simulation Model simulates floods given the data file and prescribed 

physical characteristics of as many as 100 area, channel, and storage segments in 

a selected drainage area (Snapfinger Creek for example). The Model will calculate 

flood elevations and associated probabilities for critical points specified in the 

input data. Though collecting, coding, and checking the data on the physical 

characteristics may take a man-month or more, depending on watershed size and reso-

lution, once the coding is complete it is relatively easy to explore the effects of 

changing land-use, altering the drainage system, or adding detention storage. 

The procedures used in developing the file of runoff data, the computational 

framework, the computer programming, and the recommended procedures for collecting 

and coding data on drainage characteristics are all described in a companion re-

port, "Part 1. Documentation and Users Manual." This report, Part 2, illustrates 

use of the Model in hydrologic studies. Eight DeKalb County watersheds were studied 

in varying degrees of detail, and preliminary assessments were made of the hydro-

logic aspects of the problems and potential solutions. 
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EXECUTIVE SUMMARY 

Three reports present the study conducted at Georgia Institute of Tech-

nology for DeKalb County on a project entitled "Utilization of a Computer 

Model to Determine the Impact of Urban Development on Flooding in DeKalb 

County". Titles of these reports are: 

1) UROS4: URBAN FLOOD SIMULATION MODEL 
Part 1. 	Documentation and Users Manual 
Appendix I. 	Hydrographs from Watershed Model 	Calibration 

2) UROS4: URBAN FLOOD SIMULATION MODEL 
Part 2. 	Application to Selected DeKalb County Watersheds 

3) UROS4: URBAN FLOOD SIMULATION MODEL 
Part 3. A Gaging System for Flood Measurements in DeKalb 
County 

Drainage problems become readily apparent following large rain storms, 

and the media coverage provides vivid descriptions. Property gets damaged, 

transportation routes get blocked, and lives can be lost. The problem has 

been made worse because quantitative information on flood elevations and the 

effects of urban development on storm runoff have not been available for use 

by home-buyers, elected officials, land-use planners, and administrators of 

the drainage program. Thus, land-use planning and flood plain management 

were not effectively used to minimize the devastating effects of large storms. 

Today solutions are so costly that good hydrologic information is essential in 

choosing among them. Such solutions are combinations of: 1) tributary area 

land use planning, 2) flood plain management including both land use planning 

and regulation of flood plain building practices, and 3) structural measures 

involving detention storage and drainage system improvements. Selection of a 

successful combination requires information on how land surfaces and drainage-

ways respond to a variety of precipitation patterns. Since combinations of 

land surface and drainageway characteristics with precipitation patterns are 



so complex and varied throughout the County, hydrologic simulation is the only 

method powerful enough to determine fully the effects of land use and drainage 

modifications on flood elevations. The contract between the County and Georgia 

Institute of Technology provided the necessary hydrologic simulation model and 

illustrated its use through analyses of selected watersheds in the County. 

The analyses given in the Part 2 report are not final plans nor engineer-

ing designs, but rather: 

1) Examples of the types of analyses that can be made with the hydro-

logic simulation model, 

2) Preliminary screening, to eliminate those that would not be hydro-

logically effective, of potential alternatives to reduce the damages 

from flood waters. 

3) Estimations of the effects of land development, changes to drainage 

structures, and channel improvements of downstream flooding. 

Economic analysis is essential before selecting from among the alterna-

tives but was not part of the contract. In large part, the studies were done 

by students with supervision by faculty members. The application of the simu-

lation model by several students also provided information on needed refine-

ments to assist future model users. Many of the refinements have been added 

to the model. 

Headwater portions of eight watersheds were studied as part of the 

project: Warren, Wild, Honey, Womack, Susan, Snapfinger, Cobbs, and Nancy 

Creeks. Several general conclusions are made from these studies. 

1) It is very difficult to find sites suitable for flood retardation 

dams and the sites that were found generally did not reduce downstream flood 

elevations substantially. This was especially true for drainage areas exceed-

ing several square miles. On smaller watersheds, a potential exists for de-

tention structures which may be economical. 
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2) Replacing pervious soil surfaces with such impervious surfaces as as-

phalt, concrete, and roofs has sizably increased flood flows, especially the 

more frequent floods. Peak flows were found in some cases to double and 

triple with a change from no urban development to a combination of commercial, 

industrial, multi-family and residential land use. 

3) Channel improvements and culvert enlargements can usually be made to 

protect the adjacent property but worsen conditions downstream. Downstream 

flood peak increases depend on the length of channel improved and the total 

drainage area. Improvements on an entire channel network of a 1.5-square 

mile drainage area increased peak flows at the downstream point 20 to 30 per-

cent. Channel improvements on larger streams appear to have a relatively 

larger adverse effect downstream. In a few cases, channel improvement may be 

justified as it may be on one segment of Wild Creek, which is a small tribu-

tary that flows to North Fork Peachtree Creek. 

4) Regular removal of debris is essential to an effective drainage pro-

gram, but the effects and the effectiveness of more extensive channel mainte-

nance are generally difficult to predict. Erosion from land surfaces washed 

into the stream increases dramatically during construction periods. Runoff 

is increased by added impervious area. Both processes accelerate the erosion 

of channel banks and sediment deposition in the channel. Efforts to stabilize 

the channels have not proved particularly effective. 

5) From the hydrologic studies, it appears that monies spent in channel 

improvements, culvert enlargements, and flood retardation dams would not general-

ly be as beneficial as flood proofing and conversion of frequently inundated 

flood plain land to uses more compatible with the hazard. Procedures for imple-

menting and financing appropriate actions remain to be resolved. Hydrologic analy-

sis can be made very effectively, economic analysis of alternatives can follow, but 

if the best solution can not be implemented, benefits can not be realized. 

3 



SECTION I 

Introduction 

As part of the study to provide DeKalb County with a hydrologic simu-

lation model, eight watersheds were selected for application of the model 

(see Figure 1-1). The applications provide 1) examples of how the model 

can be used, 2) preliminary analysis of the drainage problems in the selected 

watersheds, 3) estimates of the effects of channelization and urban develop-

ment on downstream flooding and 4) an opportunity to check and refine the sim-

ulation model. No engineering designs nor economic analyses were included 

in the scope of work. 

In large part, the studies were done by students at Georgia Institute of 

Technology with supervision by faculty members. The field data was collected 

by one group of students and data from maps and aerial photographs by another. 

Each study watershed initially had assigned a single student and faculty member. 

All final work on the eight watersheds was done by three students, John Clerici, 

Jack Kittle and D. Rao, and two faculty members, L. D. James and A. M. Lumb. 

The section in this report on each watershed has basically four parts. 

First is the description of the watershed, its physical attributes and loca-

tion, and any previous studies. Second is a description of the drainage prob-

lems. Third is a description of the simulation runs, alternatives studied 

and the results. Last is the summary and conclusions. 
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SECTION 2 

Warren Creek 

I. Physical Attributes of Watershed 

a. Location  

Warren Creek flows southward into the North Fork of Peach- 

tree Creek just west of the 1-85 interchange at 1-285. Two 

branches of approximately equal size join 1000 feet upstream 

from where the Creek drains under 1-85. The north branch drains 

a highly developed area upstream from 1-285 and then flows be-

tween a wooded hillside and a row of houses along Sante Fe 

Drive. The west branch drains the largely residential areas 

around Sequoyah High School. 

b. Size  

The watershed has a total area of 1058 acres with about 39 

percent impervious. The north branch drains 413 acres with 48 

percent impervious, and the west branch drains 573 acres with 

35 percent impervious. Eleven roads cross the Creek or its 

major tributaries. Table 2-1 shows the culvert size, capacities 

and tributary drainage areas at these crossings. Capacities 

were estimated for headwater elevations at the low point in the 

roadway. 

c. General Drainage Patterns  

The subarea and channel configurations are shown on Figure 

2-1. The north branch drains long, narrow basin that extends 

5500 feet upstream from the junction with the west branch to 

North DeKalb Avenue. Intensive development (63% impervious) 

upstream from 1-285 has been widely attributed as a cause of 

downstream flooding. The west branch extends 3200 feet 

upstream from the junction to Pineland Avenue and drains 
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Table 2-1 

Drainage Areas at Culverts 

Road 	 Drainage Area 	Culvert 
Acres 	Description 

u 

Capacity 
cfs 

Pineland 151 60 377 

North DeKalb 105 2-72" 944 

McClave 75 42" 109 

Brook Park 36 36" 145 

Wheeler (from McClave) 234 2-72" 815 

Wheeler (from Brook Park) 57 42" 122 

Chesnut 291 2-72" 572 

1-285 264 8'x7' 1214 

Poplar 34 42" 100 

Aztec 567 2-7'x6' 1366 

1-85 1058 2-12'x8' 3250 
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a round shaped basin containing several major tributaries. The 

floodplains are heavily wooded except localized areas where 

lawns or other landscaping has extended to the stream bank. 

d. Other Studies  

The U. S. Army Corps of Engineers completed a special Flood 

Hazard Information Report including the Peachtree Creek Basin 

in October, 1971, but the coverage did not extend to Warren 

Creek. A Study funded by the Office of Water Research and 

Technology and conducted through the Environmental Resources 

at Georgia Tech evaluated alternative measures for dealing with 

the flooding along the north branch of Warren Creek as a case 

study in "Synthesizing a Procedure for Formulating Urban Flood 

Control Programs" (Report ERC-0375). 

e. Current Land Use  

Most of the watershed has already been developed. Industrial 

and commercial property is concentrated near the interstates, 

and a number of apartment complexes are nearby. Single family 

homes on quarter to half acre lots and in generally good condi-

tion occupy the middle portion of the watershed. The only sig-

nificant natural area left is around 70 acres of woodlands near 

the junction of the two branches and extending up the hillside 

on the left bank of the north branch to 1-285 (areas 26, 32, 

and 34 on Figure 2-1). 

f. Projected Land Use  

Some of the less intensively developed areas are becoming 

more intensively developed. For example, older single-family 

homes along Buford Highway and Chamblee Road are being converted 

to commercial use, and this trend is expected to continue and 
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increase the fraction of impervious area. The undeveloped 

wooded tract is presently zones R-3. Recent zoning hearings 

have considered petitions for rezoning to office and commer-

cial uses, but the conflicts between the more intensive use 

and the adjacent single-family residential area is creating 

strong pressures within the community against rezoning. 

II. Map of Watershed  

Figure 2-1 outlines the total watershed and the subareas into 

which it was divided. Major drainage ways are shown and divided 

into channel segments. As all 11 road crossings listed in Table 

2-1 involve culverts small enough to have a significant backwater 

effect, a storage segment was added for each. A schematic diagram 

of the segments of all three types is shown on Figure 2-2. 

III. Description of Drainage Problems  

The analysis of the Warren Creek watershed investigated the 

general problem of quantifying the effects of drainageway and land-

use changes on downstream flood peaks in DeKalb County as well as 

the specific flooding problems along Warren Creek. 

The aspects of the general problem that were studied are 

1. Changes to the land surface brought by urbanization 

increase runoff volumes and accelerate runoff rates. 

The resulting higher flood peaks aggravate downstream 

flooding. Because of the frequent complaints received 

from people living downstream from newly developed 

areas, information on the magnitude of the effect and 

how that magnitude varies with other watershed character-

istics is important in resolving resulting controversies. 

10 
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It is also significant for various land use planning 

decisions. 

2. Changes to the drainageway brought by regular cleaning 

and maintenance or by channelization also accelerate 

runoff rates and increase flood peaks. Since this is-

sue is also frequently raised by people living down-

stream from proposed channel changes, better information 

is needed on the magnitude of the effect and on how that 

magnitude varies with watershed characteristics. 

3. Urban drainage facilities are frequently sized from a 

given design storm, but the fact is that the time pat-

tern of precipitation that is critical in terms of 

producing the maximum flood peak from a given rainfall 

on one watershed may be quite different from that which 

is critical for another watershed. The 25-year runoff 

file of 99 historical storms was employed to estimate 

flood peaks at a number of points in the Warren Creek 

Basin and thereby establish how critical storm char-

acteristics relate to watershed characteristics and 

the magnitude of the error in estimated flood peak 

caused by using a single design storm. 

The specific Warren Creek problems studied are 

4. Overtopping of various culverts within the watershed. 

5. Flooding of seven houses facing Santa Fe Drive and 

backing onto Warren Creek in reach 50. 

6. Drainage problems on some open land just upstream from 

Wheeler Drive at the Addison Drive intersection and at 

other locations. 

12 



7. The potential adverse hydrologic effect of development of 

the wooded area across the creek from the houses on Santa 

Fe Drive. 

8. Potential aggravation of flooding and drainage problems 

in the watershed by additional urban development through-

out the watershed. 

IV. Descriptions of Simulation Runs of the General Problems  

The general analysis to quantify the effects of land use and 

channel change on flood flows and the variation of critical storm 

characteristics with watershed characteristics was based on nine 

simulations. In order to reduce computer time, these simulations 

used the Warren Creek watershed without the storage effects of 

culverts. These simulations were also made with measurement errors 

in the lengths of channel segments 44 and 51 and with area segment 

23 omitted. Although the errors were corrected for the runs on the 

specific flooding problems on Warren Creek, they were left in the 

runs for the general analysis which was not necessarily intended 

to represent a specific watershed. 

The nine simulations were selected to provide information on 

the hydrologic effects of channelization with three levels of im-

pervious area (0.0, existing, and 0.85), and on the hydrologic 

effects of impervious area with three levels of channelization 

(none, downstream half of the channels channelized, all channels 

channelized). The value of 0.85 for impervious area represents 

the most intensively developed existing subarea. Full channelization 

was depicted as rectangular channels large enough to contain all 

simulated flows. The specific combinations of impervious area and 

channelization for the various runs are listed in Table 2-2. Each 

13 



Table 2-2 

Summary of Computer Runs Used in General Studies 

Run Impervious Area Channel Section 

1 Existing Existing 

2 0.00 Existing 

3 0.85 Existing 

4 Existing Rectangular, n = 0.025 

5 0.00 Rectangular, n = 0.025 

6 0.85 Rectangular, n = 0.025 

7 Existing Upper half-existing, Lower half-rectangular 

8 0.00 Upper half-existing, Lower half-rectangular 

9 0.85 Upper half-existing, Lower half-rectangular 

14 



of the nine runs simulated and printed peak flows and elevations 

for the largest event each year and for several preselected fre-

quencies at the downstream end of each channel segment. 

1. 	Relationship of Flood Peaks to Impervious Area  

Flood frequency analyses of the 25 annual flood peaks simulated 

at the end of each channel reach produced the mean annual and 200-year 

peaks shown in Table 2-3. The top half of the table is based on natural 

channels and shows simulated flows in both cfs and as ratios to flow 

with no impervious area. The bottom half is based on rectangular chan-

nels. Each half of the Table is divided into three parts. The top 

part provides simulated flood peaks with no impervious area, the middle 

part provides peaks at the 12 flow points for the existing impervious 

areas which range from 18 to 63 percent, and the bottom part provides 

peaks with all areas 85 percent impervious. The ratios to flow with no 

impervious area are by definition 1.00 for all 12 points under the con-

ditions of no impervious areas and natural channels. The ratios with 

natural channels and existing impervious area vary with the impervious 

percentage. The ratios with natural channels and 85 percent impervious 

area vary but not in any consistent pattern with drainage area. The 

average ratio are 3.09 for the mean annual event and 2.41 for the 200-

year event. The ratios for zero impervious area, the various existing im-

pervious areas, and the average values for 85 percent impervious area 

are plotted on Figure 2-3. Least squares regression lines are plotted for 

the 200-year and mean annual events. 

The average increase in the mean annual flood peak as impervious 

area increases from 0.00 to 0.85 is by a factor of 3.09, and the 

average increase in the 200-year flood peak is by a factor of 2.41, 

both figured with natural channels. With rectangular channels, the 

15 



Reach 
Trib Acres 

With Natural Channels 

Table 2-3. 

24 	40 
34 	218 

Summary of Simulated Effects of Impervious Area 

42 	44 	46 	50 	51 	52 
57 	151 	264 	335 	217 	46 

53 
350 

56 
573 

57 
413 

58 
1058 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mean Q = Qm  35 152 54 100 183 194 152 42 235 377 248 660 
200 yr Q = Qb 116 503 178 333 625 658 510 146 800 1283 842 2254 

I 0.63 0.44 0.18 0.41 0.63 0,55 0.32 0.22 0.37 0.35 0.48 0.39 
Mean Q 80 310 71 202 473 434 258 81 421 660 498 1210 
Q/Qm  2.29 2.04 1.31 2.02 2.58 2.24 1.70 1.93 1.79 1.75 2.01 1.83 
200 yr Q 210 839 208 545 1254 1154 722 223 1194 1885 1359 3413 
Q/Qb 1.81 1.67 1.17 1.64 2.01 1.75 1.42 1.53 1.49 1.47 1.61 1.51 

I 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 
Mean Q 101 509 160 353 612 588 484 117 723 1160 709 1963 
Q/Qm  (ave. 	3.09) 2.89 3.35 2.96 3.53 3.34 3.03 3.18 2.79 3.08 3.08 2.86 2.97 
200 yr Q 269 1318 418 909 1626 1534 1247 314 1921 3102 1871 5224 
Q/Q1) -(ave. 	2.41) 2.32 2.62 2.34 2.73 2.60 2.33 2.45 2.15 2.40 2.42 2.22 2.32 

With Rectangular Channels 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mean Q 38 161 58 104 192 216 166 49 274 438 295 778 
Q/Qm 1.09 1.06 1.07 1.04 1.05 1.11 1.09 1.17 1.17 1.16 1.19 1.18 
200 yr Q 122 527 187 339 656 746 551 164 927 1486 1030 2697 

Q/Qb 1.05 1.05 1.05 1.03 1.05 1.13 1.08 1.12 1.16 1.16 1.22 1.20 

I 0.63 0.44 0.18 0.41 0.63 0.55 0.32 0.22 0.37 0.35 0.48 0.39 
Mean Q 91 330 76 208 502 507 282 97 496 778 653 1484 
Q/Qm 2.39 2.05 1.31 2.00 2.61 2.35 1.70 1.98 1.81 1.78 2.21 1.91 
200 yr Q 256 876 220 560 1318 1370 789 260 1382 2189 1770 4190 
Q/Qb 2.10 1.66 1.18 1.65 2.01 1.84 1.43 1.59 1.49 1.47 1.72 1.55 

I 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 
Mean Q 125 599 216 419 655 719 586 148 923 1474 956 2537 
Q/Qm  3.29 3.72 3.72 4.03 3.41 3.33 3.53 3.02 3.37 3.37 3.25 3.26 
200 yr Q 412 1811 837 1410 1726 1929 1649 411 2533 3993 2586 6820 

Q/Qb 3.38 3.44 4.48 4.19 2.63 2.59 2.99 2.51 2.73 2.69 2.51 2.53 
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multipliers are 3.42 and 3.02 respectively. The effects of added 

impervious area are thus shown to be greater for smaller floods than 

for larger ones and greater with channelized drainageways than with 

natural ones. The effect seems to be relatively independent of drainage 

area for areas under 1100 acres. The regression lines on Figure 2-3 

should provide a reasonable estimate of the magnitude of the increase 

in flood peak with increase in impervious area for DeKalb County basins 

in this size range and with largely natural channels. One would expect 

the effect of impervious area to be smaller in larger basins since 

channel storage increases geometrically with basin size, but this study 

did not address that point. One would also expect impervious area to 

have relatively greater effect for watersheds with more permeable 

soils and a relatively smaller effect for watersheds with less per-

meable soils. 
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2. Relationship of Flood Peaks to Channelization  

The simulated flood peaks on Table 2-3 can also be used to 

quantify the effects of replacing small natural channels having 

frequently inundated flood plains with rectangular channel completely 

containing all flows. These results plus results from simulation 

with channelization on only the downstream half of the channel net-

work are shown in Table 2-4. The effect of channelization is seen 

to be about the same for both the mean annual and the 200-year 

events and somewhat larger for a developed than for a natural water-

shed. Curves for estimating the effects of channelization are 

shown in Figure 2-4. 

The trend of the simulated flows at the outlet of each subwater-

shed indicates that the effect of channelization increases with drainage 

area as can be seen from the numbers tabulated in Table 2-5 for natural 

watersheds. The regression equations for the two flood frequencies are 

given at the bottom of Table 2-5, and the 200-year values are plotted 

on Figure2-5. The channelization effect for watersheds under 1100 

acres is seen to be much less than the urbanization effect. However, 

the effect does increase with drainage area. While one should not 

extrapolate magnitudes from the Warren results, it is logical to expect 

the effect of channelization to be relatively larger with respect to that 

of impervious area for still larger watersheds. For larger basins, a 

greater fraction of the total time to the mouth is spent in channel 

flow and reducing channel travel time and associated channel storage can 

be expected to have a relatively greater effect. 
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Table 2-4 

Summary of Simulated Effects of Channelization 

Existing Channels Half Rectangular All Rectangular 

For 1058-acre natural watershed, I = 0.00 

Mean Q - flow 660 735 778 

ratio 1.00 1.11 1.18 

	

200-yr Q-flow 	2254 	 2531 	 2697 

ratio 	1.00 	 1.12 	 1.20 

For 1058-acre developed watershed, I = 0.85  

	

Mean Q - flow 	1963 	 2298 	 2537 

ratio 	1.00 	 1.17 	 1.29 

	

200-yr Q-flow 	5224 	 6058 	 6820 

	

ratio 	1.00 	 1.16 	 1.31 
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Table, '2-5 

Summary of Relationship of Simulated Effects of 

Channelization for Various Drainage Areas 

Area 
acres 
A 

Natural Watershed 

Mean Q 200-yr Q 

34 1.09 1.05 

46 1.17 1.12 

57 1.07 1.05 

151 1.04 1.02 

217 1.09 1.08 

218 1.06 1.05 

264 1.05 1.05 

335 1.11 1.13 

350 1.17 1.16 

413 1.19 1.22 

573 1.16 1.16 

1058 1.18 1.20 

* All values are ratios of peaks with rectangular channels 
to those with natural channels. 

Regression results . 

Mean Q: 
	

M = 1.082 + 0.000108 A 	r = 0.55 

200-yr Q: 	B = 1.056 + 0.000166 A 	r = 0.71 

22 



1.3 

200-Year Flood Values 

0 
1.2 

0 0 
•r-
-I-) 
ft1 

CC 

0 

1.0 

0 

00 	0 0 

0 
1 	 I 	 I 	 I 	 I 

200 	400 	600 	800 	1000 

Drainage Area (Acres) 

Figure 2-5. Ratio of Channelization Effect to Drainage Area 

23 



3. Variation in Critical Storm with Watershed and Channel Conditions  

A storm that generates a rare flood for one combination of basin 

size, impervious area, and drainageway channelization may generate a 

relatively ordinary flood for some other combination. A larger basin 

size is associated with a shift in the critical storm from a short and 

very intense event to a prolonged period of rainfall. Greater impervious 

area reduces dependence on antecedent precipitation. Greater drainage-

way channelization increases sensitivity to intense events. 

Both the spatial and the time distribution of the precipitation 

are important. For these simulations, a uniform spatial distribution 

was used in every case, but the time distributions varied over all the 

patterns found in the 99 storms occuring over the 25 year simulation 

period. Six different storms were found to be generating maximum floods 

for the combination of channelization, impervious fraction, and drainage 

area studied. The dates and selected characteristics of these six 

storms are shown in Table 2-6. The characteristics of the watersheds 

for which each storm was found to be critical are shown in Table 2-7. 

The storm of June 10, 1933, had the most intense 5-minute rainfall in 

the 25-year period; but the 60-minute rainfall was relatively low, and 

the soil was quite dry. Consequently, this storm only proved to be 

critical for small, impervious basins. The storm of August 15, 1920, 

was the second most intense but fell after much more antecedent moisture, 

and the intense rain falling on a wet watershed proved critical for 

small natural basins. The storm on June 25, 1938, had one of the most 

intense rainfalls in the 10 to 20 minute duration range and fell on a 

relatively dry watershed, and this combination proved critical for im-

pervious basins slightly larger than those most responsive to the 1933 

storm. The storm of August 24, 1921, had lower intensities than did the 

1938 storm but fell on a wetter watershed and thus produced a greater 



Table 2-6 

Characteristics of Critical Storms 

Date 	 8-15-1920 

Cumulative Rainfalls 

8-24-1921 8-11-1926 7-10-1928 6-10-1933 6-25-1938 

5 minutea 0.63 0.48 0.56 0.48 0.82 0.56 

15 minutea  1.15 1.35 1.49 1.04 1.27 1.40 

60 minutea  1.86 2.24 2.93 2.19 1.64 2.42 

1 dayb 2.07 3.21 2.97 2.59 2.52 2.48 

4 dayb 3.72 3.21 3.45 5.84 2.73 2.48 

8 dayb 7.33 3.25 3.85 6.25 2.73 2.73 

Cumulative 	Runoffs 

5 minutea 0.25 0.30 0.25 0.32 0.15 0.27 

15 minutea 0.65 0.66 0.63 0.78 0.29 0.54 

60 minutea 1.12 0.88 1.13 1.66 0.31 0.64 

aMaximum values summed from 5-minute files 

bOver period preceding and including maximum values 



Table 2-7 

Watershed Characteristics for Which Various Storms Were Critical 

Channelization Impervious Area 
Date Fraction Fraction Acres 

August 15, 1920 0.00 0.63 34 

August 24, 1921 0.00 0.18 to 0.63 24 to 264 

1.00 0.18 to 0.55 24 to 1058 

August 11, 1926 0.00 0.39 to 0.55 224 to 1058 

0.00 0.85 413 

July 10, 1928 0.00 & 1.00 0.00 24 to 1058 

0.00 0.32 to 0.37 217 to 573 

June 10, 1933 0.00 0.85 24 to 151 

1.00 0.85 24 to 1058 

June 25, 1938 0.00 0.85 215 to 1058 

1.00 0.85 334 to 413 

0.00 0.63 34 

1.00 0.63 264 
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peak from watersheds with less impervious area. The storm of August 

11, 1926, had higher intensities but a smaller daily rainfall total 

than did the 1921 storm and fell on a wetter watershed than did the 

1938 storm, and this combination proved critical for an intermediate 

range of having more impervious area than those most sensitive to the 

1921 storm but having less impervious area than those most sensitive 

to the 1938 storm. The storm of July 10, 1928, was less intense than 

others in the list but fell at the end of the wettest four-day period 

in the record and proved critical for all natural watersheds (1=0.00). 

All six of these events were summer thunderstorms; one would expect 

that for basins much larger than the 1058 acres used for this study 

that winter or spring cyclonic storms would begin to become critical 

because of their more uniform intensity over larger areas, their 

generally longer duration, and the almost completely saturated soil 

conditions that develop at the end of the long winter period of low 

evapotranspiration. 

The August 11, 1926, storm is the one producing the largest runoff 

at the downstream end of the Warren Watershed under current land use 

and channel conditions. A common approach to hydrologic analysis would 

be to estimate flood peaks for all situations within a watershed from 

the storm determined to be critical. Table 2-8 shows the magnitude of 

the underestimate of peak flows one could expect for various conditions 

in the Warren watershed by following this practice. In many cases the 

error is quite significant. One of the major advantages of the approach 

of hydrologic simulation as used in this study is that it examines many 

historical combinations of storm rainfall patterns and antecedent moisture 

conditions to determine which combination is critical for a given 

watershed. 
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Table 2-8 

Percentage Underestimates of 25-year Peak if Critical 
Storm Had Been Defined by Flood of Record for Existing Watershed 

Channelization 
Fraction 

Impervious 
Fraction 

Area 
Acres 

Percentage 
Underestimate 

0.00 0.39 1058 0.0 

0.00 0.55 355 0.0 

0.00 0.35 573 2.6 

0.00 0.37 350 2.3 

0.00 0.63 264 11.0 

0.00 0.44 218 6.9 

0.00 0.32 217 5.5 

0.00 0.41 151 4.5 

0.00 0.48 57 10.9 

0.00 0.63 34 11.6 

0.00 0.22 24 16.8 

0.00 0.00 1058 36.5 

0.00 0.00 24 24.1 

0.00 0.85 1058 2.3 

0.00 0.85 24 12.6 

1.00 0.39 1058 8.1 

1.00 0.22 24 18.6 

1.00 0.00 1058 29.9 

1.00 0.00 24 16.5 

1.00 0.85 1058 12.1 

1.00 0.85 24 34.8 
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V. Description of Simulation Runs on Specific Warren Problems  

The specific Warren Creek problems of periodic overtopping of 

various culverts, flooding of homes along Santa Fe Drive, ponded 

water on vacant lots near the intersection of Wheeler and Addison 

Drives, and potential adverse hydrologic effects from further devel-

opment were analyzed through the sequence of computer runs listed in 

Table 2-9. 

The overall objectives of these runs were to determine what effect 

storage behind existing culverts is now having on flood peaks, determine 

the hydrologic effects that would result from development of the hill-

side area above Santa Fe Drive, determine the hydrologic effects of 

channelization to protect the homes along Sante Fe Drive now subject 

to flooding, analyze possibilities for detention storage on the basin, 

and determine the degree to which one can expect the hazard to be 

aggravated by future intensification of urban development projected. 

Further development was based on information on current land use, number 

of vacant parcels, zoning, and land slope and flood hazard factors in-

fluencing probable development and resulted in the impervious areas 

shown in Table 2-10. The projected development is what one might rea-

sonably expect over the next 10 to 20 years in response to reasonably 

likely development pressure. 
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Table 2 - 9 

Summary of Computer Runs Used in Specific Warren Studies 

Run Description  

1 	Existing land use and channels 
but no culverts 

2 	Existing land use, channels and 
culverts 

3 	Existing channels and culverts 
but development (1=0.70) of 
wooded hillside areas behind 
houses on Santa Fe Drive 

4 	Existing land use and culverts 
but channelization of Segment 
50 to protect houses along Santa 
Fe Drive. 

Purpose  

Establishment of a base for evaluating 
the effects of existing culverts on 
flood peaks 

Comparison with Run 1 to establish 
culvert effects and establishment 
of a base representing existing 
conditions for subsequent comparisons. 

Comparison with Run 2 to establish the 
effects such development would have 
on downstream flood peaks. 

Comparison with Run 2 to establish the 
effects such channelization would have 
on downstream flood peaks. 

5 	Simulation with segments 12 and 39 Determination of a culvert size that 
only and alternative culvert sizes would make maximum utilization of 
under Brook Park Road pondage behind the road embankment 

in reducing downstream floods based 
on the criterion of the road being 
overtopped by the 100-year flood. 

6 	Simulation with segments 1, 3, 14, Determination of an outlet size for a 
44, and 49 only and alternative 	100-year design with a ponded water 
outlet sizes for potential 	 surface elevation of 930. 
detention storage at a site 
behind Sequoyah High School. 

7 	Simulation with segments 2, 4, 5, 
20, 46, and 47 only, 

to 	
alter- 

native inlet sizes o the culvert 
under 1-285. 

Determination of a size for an inlet 
to the existing culvert that would 
pond water to a 100-year design 
water surface elevation of 950 behind 
the freeway embankment. 

8 	Simulations for six storms (8 -15- '20comparison with Run 2 to select hydro- 
8-24-'21, 8-11-'26, 7-10-'28, 
6-10-'33, and 6-25-'38) and 
existing land use, channels, and 
culverts. 
a. Plus storage behind Brook 

Park Road (segment 39) 
b. Plus storage at Sequoyah site 

(segment 49) 
c. Plus storage behind 1-285 

logically effective storage sites in 
terms of their effects on down-
stream flood peaks. 

1 (1 



(segment 47) 
d. Plus storage at all three 

sites 

	

9 	Existing land use, channels, and 
culverts plus storage sites 
at segments 47 and 49. 

	

10 	Existing channels and culverts 
plus projected land use (see 
Table 10) 

	

1 1 
	

Projected land•use (see Table 
10), existing channels, plus 
selected storage sites at 
segments 47 and 49. 

Comparison with Run 2 to establish the 
effects such storage would have on 
downstream flood peaks. 

Comparison with Run 2 to establish 
how much reasonably expectable 
future development is likely to 
affect flood peaks. 

Comparison with Run 9 to see how 
projected development will affect 
the storage sites and comparison 
with Run 10 to see how storage 
will affect projected flood peaks. 
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Table 2-10 

Existing and Projected Impervious Fraction by Area Segment 

Area 
Segment 

Existing 
Impervious Fraction 

Projected 
Impervious Fraction 

1 0.41 0.60 

2 0.85 0.85 

4 0.70 0.70 

6 0.48 0.55 

8 0.42 0.50 

10 0.20 0.30 

12 0.18 0.40 

13 0.20 0.30 

14 0.10 0.30 

15 0.15 0.30 

17 0.38 0.50 

18 0.17 0.50 

20 0.46 0.60 

21 0.83 0.83 

22 0.22 0.30 

26 0.05 0.70 

30 0.22 0.30 

32 0.18 0.40 

34 0.00 0.70 

36 0.44 0.44 

38 0.35 0.60 
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4. Overtopping of Culverts  

The initial simulation of 25 years of annual flood peaks (Run 1) 

was based on the existing watershed without culverts as represented by 

the data for area and channel segments in Table 2-11. The simulated 

annual peaks and the frequency analysis of the results for channel 

segments 53 (west branch at Aztec Avenue), 50 (north branch behind the 

houses on Santa Fe Drive), and 58 (at 1-85) are shown in Tables 2-12 

through 2-14. 

The second simulation added a storage segment to account for each 

culvert (Table 2-1). Data for the storage segments are in Table 2-15. 

The simulated annual peaks and the results of the frequency analyses 

for the same three locations (53, 50, and 58) are shown in Tables 2-16 

through 2-18. 

Special care needs to be exercised in the frequency analysis of 

culvert affected flows. The 25 annual peaks at McClave Road (segment 7) 

are plotted in Figure 2-6. The flood peaks lie on two curves, one 

pertains for flows confined behind the road embankment, and the other 

pertains for flows that overtop the road (an event with a 3-year return 

period). The line of best fit that is calculated by the UROS4 Model, 

which assumes all the points to be from the same distribution, is also 

plotted and is obviously a very poor fit of the data. When applying the 

UROS4 Model and its frequency analysis at or shortly downstream from 

locations where flows overtop a road or other storage area, one should 

plot the annual flood peaks to make sure that the frequency analysis 

is reasonable. The break in the curve was found to occur at about the culvert 
capacity of 109 cfs. 

The simulated flows at existing culverts are shown in Table 2-19, 

and estimates of the frequency at which each is overtopped are shown 

in the right column. This information should prove useful to culvert 

maintenance and enlargement programs. 
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SPECIFICATIONS FOR SCIRCF AREAS 

FRACTION OF AREA KITH EACH SOIL TYPE 

NUMBER AREA-ACRE 
	

RAFID 	MODERATE 	SLCN IMPERV1CUS 

	

1 	151.000 	 ,000 	 .590 

	

52,110 	 000 

	

4 	104.740 	 ,000 	 , IN 

	

6 	74,780 	 .000 	 :520 

	

8 	143,370 	 .000 	 .580 
14.700 
3 	

.000 :SOO 

	

18 	 6.140 	 .000  ,020 

	

13 	.8,700 	 .000 	 ,800 

	

14 	31. 14 00 	 000 	 ,900 

	

15 	37,320 	 .000 	.850 

	

17 	51,600 	 .000 	 ,A20 

g 
20.1400 ,000 

,000 
	 ,830 

107.260  ,540 

5i 

	

22.830 	 ,000 	 .170 
0 

	

i1,200 	 00 	 .780 

	

23 	4,560 	 .000 	 ,540 

	

26 	5,940 	 ,000 	 050 

	

30 	12.400 
	 ,000 32 	54,410 	 ,000 	 8 828 

	

34 	19.140 	 ,000 	1:000 

	

36 	6.000 	 1 000 	 ,560 

	

38 	S2,340 	 000 	 .650 

,000 .410 
,000 ,850 
.000 ,700 
.000 .480 
,000 .420 
,nn0 ;200 
,000 
0)00 
,000 
,noo 
noo 

,180 
.200 
000 
.150 
,380 

:ono 010 
.000 0460 
.000 .830 
,000 .220 
,000 .440 
0)00 .050 
,000 ,PPO 
,000 .180 
,000 .000 
.000 ,440 
,000 ,350 

NUMBER TYPE 	LENGTH-FT 

24 	4 	830,00 
4 	8000 

800,.00 £41 S 	4 
7 

13 00.00 44 	0 
24 46 	4 	00.00 

4 	1760,00 
5 	413go,nn 
s 	4 	1030.00 

1620,00 53 	4 
56 	4 	600,00 
5/ 	4 	1330,00 
5 	4 	1000,00 

Table 2-11 Specifications for source areas and channel segments for Runs 1 and 2 

STRA 
CCNS

C
TANT

GE  

16. 
6. 

in, 

IA: 
7.

 11. 
5, 

11. 
11. 
10, 
8, 

13, 
4, 
6, 
8, 

13. 
6, 

13, 
11. 

10: 

 LENGTM.FT 

,0000 
0000 
.0000 
.0000 
01000 
.0000 
,0000 
,0000 
,0000 
.0000 
,0000 
,0000 
.0000 
0000 
,0000 
,0000 
.0000 
,0000 
.0000 
0)000 
0)000 
,0000 

SLOPE 

0000 
9 0000 
.0000 
.0000 
.0000 
.0000 
.0000 
,0000 
,0000 
.0000 
,0000 
.0000 
.0000 
.0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,onoo 
,0000 

ROUGHNESS 

,0000 
,0000 
,onoo 
,0000 
.0000 
1 0000 
.0000 
,0000 
,0000 
.0000 
.0000 
0000 
,0000 
.0000 
,0000 
,0000 
,0000 
,0000 
.0000 
0000 
,0000 
,0000 

SPECIFICATIONS FOR CHANNEL SEGMENTS 

so7PF ROC6HNESS 

.03640 .100 

.01667 
,03500 118 ,1 00 
.01540 
,01208 .040 
,01250 .070 
,00310 ,080 
,01942 .100 
,00911 .070 
01000 ,070 
00451 ,070 
,00900 050 

CHANNEL 	 FLCCD PLAIN 	AVERAGE 
AVEL 

AFAAto 	mPtifim 	APARM 	MPARP 	TIME(SEC/ 

,702 
.476 
,784 
.577 
.755 
.590 
.P59 
. 13 

 .3t.6 
:322 
,339 
.565 

1.500 
1,500 
1,500 
1.500 
1.500 
1,500 
.500 
,500 

1,500 
1.500 
1,500 
1,500 

2,481 
.998 

1,390 
2,9/4 
8,212 
6,382 
1.334 
1,812 
.913 

1,045 
2,030 
1.169 

1,166 
1.295 
1,306 
1,126 
1.067 

. 93 9 
1 .1 2 o 
1,166 
i,i66 

	

l e 	41  

	

. 	0 

178,3 
269,3 
234,1 
252,0 
202.5 
369,9 
561,6 
302,9 
626,5 
19
472 , 7 
132,4 

DEFINITION OF NUMERIC CHANNEL TYPES 

1 RECTANGULAR 
2 	 AR TRIANCLL 
3 CIRCULAR 

AR 

 IRREGULAR WITH NO FLOCD PLAIN 
4 IkREGULAR NITM FLOCD PLAIN 



Table 2-12 	Run 1 Annual Peak Flows and Frequency Analysis at Aztec Ave. 

AYrLAL 	PEAK 	FLOWS 	FCF 	SEGMENT 	NO, 	53 	FOR 	wARREN 	CREEK, 	RrK 	KC 	1, 	FxISTING 	LAND 

WATER 	YEAR 	PEAK 	ELO(CPS) 	YEAR 	NTNTH 	CAY 

(Segment 

USE 	WITH 

53) 

NO 	CULVERTS 

0 41. 0.115 	 .. . . . 	 m w M 

1918 	 814 4 0 1918 	APR, 	7 
'Rig 	 207.7 1919 	MAY 
1920 	 5e1.9 1920 	AbG, 	lb 
1921 	 657.8 1921 	Al:r. 	2u 
1922 	 505,H 1921 	NC V, 	16 
1921 	 371.2 1923 	EFH, 	13 
1 9 2u 	 ple.s 1924 	?.'AV 	27 
1925 	 peo.7 19?b 	JAN, 	11 
1426 	 66C.6 1926 	PS;, 	11 
1927 	 165.9 1927 	F1:1-, 	?3 
1929 	 67 13.3 1928 	.31..LY 	10 
1929 	 253.1 19P9 	MAR, 	14 
1930 	 lan,p 1930 	NAY 	17 
1911 	 1'i5.5 1931 	,1J1 	r 	21i 
1932 	 3d0,8 1932 	JE NL 
1934 	 1405.5 1933 	JO E 	10 
193U 	 303.1 1931 	JO Y 	19 
1935 	 10/.0 1,)34 	 L 
1936 	 119.4 1936 	SFFT 	2C 

w 
ul 

1937 	 12,4,8 
1939 	 6.6 
1939 	 2P7.i5 

193/ 	 17 
1938 	Jt.•Nr: 	25 
1939 	JUI, F-1 	2 .2 

1(740 	 515.? 1940 	Ft- CI 	lu 
1541 	 332.0 1941 	AU, 	13 
1942 	 3 0 0.6 

vEAN 	= 	350.5 

1942 	F•AV, 	2C, 

STANDARD 	OfvIATTCN = 	175,6 

FLccr 	FPEouFNcy 	FOR 	Fi_cFcv.•T 	Sc FCR 'AApREN 	CPFEK, 	;1,N 	NC 1p 	EXISTING LAND USE KITH NC CULVERTS 

RE 	LRN 	FFRICO 	FRCNAPTITTY FLco, 	IN 	('FS 	k 	S (- LEV 	TK 	FT 

2-yFAR 	 50,0 3?1,6 917,6 
5-YFA 9 	 20,0 47/-.8 919,3 

10-YEAR 	 10,0 
14.0 

r,n-rfAr; 	 2.0 

5790, 
709.1 
805.8 

920,4 
921,7 

100-1 TAP 	 10 901,4 9r 2.7 
200-YEAR 	 C.

,
5 996.6 922.8 

PERCENT CHANCE IN ANY YEAR OF GETTING A ELM') C,FiFAIER "DAN THAT INDICATED IN THE TABLE. 



FOR wARREN CREFN, RUN NC 1, EXISTING LAND USF V4I1H NO CULVERTS 

YEAR MONTH DAY 
IMM ===== 

1918 	ARR. 	7 

IM ',;(4.:(% It 
1921 	ALG, 	24 
1921 	Nfld. 	16 
1923 	FEE, . 	13 
1924 	27 
1924 	DEC , 
1926 	Alit=. 	11 
1927 	F. 	23 
1928 	1 
19?9 	N'Ak

y 
 , 	14

0  

1930 	frAy 	17 
1931 	JLLY 	28 
193? 	Jur.E. 
1.913 	,11,96" 
1934 	41I l Y 	19 
1934 	rcT 	5 
1936 	SFJ 

, 
	29 

1937 	JLNE 	1? 
1938 	J( f- 	25 

0/34? Ott q 

FARO 

2-yF AR 50,0 
5 -YEAR 20.0 
10-YFA 9  10.0 
25-YEAR 4,0 
50-YEAR 2,0 

100-yEAR 
e00-YFAR 

1.0 
0.5 

916,6 

9r56.s 
1079.0 
1200,6 
1321,7 

465.2 
660.6 
191,3 

9 17.3 
917.7 
918.2 
918,6

67  
918,9 

Table 2-13 Run 1 Annual Peak Flows and Frequency Analysis behind Santa Fe Drive (Segment 50) 

a, 

ANN1AL 	PEAK 	ELCAS 	frR 	SFGfrENT 	'fl, 	50 

i.ATER 	YEAR 	PEAK 	FLO65(CFS) 

191P 137.6 

IM 
358,7 
717,4 

1921 874,0 
19?2 6 9 1. 4  
1923 4 115.6 
1924 340.8 
1929 4P9.2 
1926 867.7 
1927 220,7 
1928 819,2 
1929 33?.3 
1930 223.9 
1931 325.4 
1932 443.6 
193i 662.2 
1 0 34 497.2 
1935 168.0 
1 9 36 472.0 
1937 484,0 
193P 82/.5 
1 9 39 460,6 
1940 768.7 
1941 5 4, 9 2 
1942 3/2,5 

"FAN 
	

499.9 	 SrANCARn CEyIATTON = 	223,4 

FLOOD FREQUENCY FOR ELOi, FrINT 50 FCR NARREN CREEK, RIN NC 1, EXISTING LAND USE WITH NC CULVERTS 

RETLRN PERNA 	PFONAPTLITY FLOA IN rFS 	w S ElFv IN FT 

        

PERCENT CHANCE IN ANY YFAR OF GETTING A FLCCD GREATER THAN THAT INDICATED IN THE TABLE, 



Table 2-14 	Run 1 Annual Peak Flows and Frequency Analysis at 1-85 (Segment 

ANnrA1 	PEAK 	FLO‘■ S 	Frk 	SEGNENT 	NU. 	58 	FOP 	►.4PREN 	CFEEk. 	RUN 	N( 	1, 	EXISTING 	LAND 	USE 

14ATER 	YEAR 	PEAK 	Ftim(cFs) 	YEAR 	mrNTH 	DAY 
M.M ■ 	 ..... 	 mMln. 

58) 

WITH NO CULVERTS 

1918 	 313.3 1918 	APP, 	7 
1919 	 861.4 1919 	PAY 	6 
1920 	 1952,5 1920 	AUr,, 	15 
1921 	 ?259.3 1921 	ALG, 	PL 
19?? 	 179.4 1921 	 16 
1923 1923 	FfM, 	13 
1924 	 812.4 1924 	vey 	27 
1925 	 989.8 1925 	JAN, 	11 
1926 	 2361.7 19"16 	ALC. 	II 
1927 1927 	FFH. 	23 
1928 	 2365.9 1928 	iLly 	IC 
1929 	 917.0 1929 	E- AP, 	14 
1930 	 46L'.1 1930 	FAY 	17 
1931 	 Y16.0 1931 	JILY 	PE 
193? 119L.7 1932 	iLNE 
1'331 	 1433.3 1933 	JOE 	1c 
1 9 34 	 101/.4 1934 	JULY 	19 
1935 	 3/1.0 1'434 	[GT 
1 9 3 0, 	 1161.8 1936 	SEFf 	?9 
1937 	 1191.9 1917 	JLNE 	17 
1938 	 1952.7 1938 	JINE 	?5 
1939 	 1072.6 1 735 	JINF 	2i 
ig4n 	 18L,1.7 194( 	FFET 	1( 
19/11 	 1 1 3,A.4 1941 	AUG, 	13 
194? 1‘67 (.8 1942 	FAP, 	20 

MEAN 	= 	12 4 5.4 STO‘nARD 	LIEVIAINN = 613.3 

Firrp 	FPECUFr, ry 	FOR 	ELCi‘ECTT 	58 ERR WARREN, 	CEEFK, 	PlN 	NC it FXISIING LAND USE WITH NO CULVERTS 

RFTLPN 	FEFTCD 	PkreAPTLITY FLOW 	IN 	CFS 	S FLJV IN 	FT 

2-YFAR 50,0 1144.7 9C3,0 
5.00-AP 20.0 1686.7 904,5 

10-YrAR 10.0 2045.6 9(C.1 
25-YEAP 4,0 2499,0 905.7 
5O-YEAR 2.0 2E11 5.3 9(6.1 

100-yEAR 1.0 3169,2 9(6,5 
200-YEAR 0.5 3501.9 906,9 

PERCENT CHANCE in Any YEAR OF GETTING A Ftern 0RFATER THAN THAT INDICATED IN THE TABLE, 



Table 2-15 

Specifications for Storage Segments for Run 2 

Storage 
Segment 
Number 

Storage 
(acre-feet 

Discharge 
(cfs) 

Surface 
Elevation 
(feet-msl) 

Head 
(feet) 

Surface 
Area 

(Acres) 

3 .000 0 934.7 0.0 .00 
.477 181 940.0 5.3 .18 

1.872 289 945.0 10.3 .37 
4.828 377 950.0 15.3 .95 
12.340 3516 955.0 20.3 2.11 
25.399 12210 960.0 25.3 2.95 

5 .000 0 957.0 0.0 .00 
.645 277 960.0 3.0 .43 

3.334 641 965.0 8.0 .78 
9.313 943 970.0 13.0 1.65 

7 .000 0 932.5 0.0 .00 
.210 72 936.0 3.5 .12 

1.224 108 939.0 6.5 .65 
5.506 14349 945.0 12.5 .81 

12.337 54953 950.0 17.5 2.17 

39 .000 0 940.0 0.0 .00 
.000 66 945.0 5.0 .00 
.385 111 950.0 10.0 .23 

3.418 144 955.0 15.0 1.13 
12.337 11440 960.0 20.0 2.42 

41 .000 0 916.0 0.0 .00 
.810 522 922.0 6.0 .27 

2.897 815 927.0 11.0 .50 
4,677 5098 930.0 14.0 .63 
9.272 32304 935.0 19.0 1.76 

43 .000 0 919.5 0.0 .00 
.087 72 923.0 3.5 .05 
.600 121 927.0 7.5 .28 

2.573 2982 930.0 10.5 .96 
8.548 20307 935.0 15.5 1.84 
21.060 58501 940.0 20.5 2.77 

45 .000 0 914.0 0.0 .00 
.637 571 921.5 7.5 .17 

2.420 3345 925.0 11.0 .64 
8.955 17807 930.0 16.0 3.14 
34.077 49006 935.0 21.0 5.79 
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Table 2- 15 continued 

Storage 
Segment 
Number 

Storage 
(acre-feet) 

Discharge 
(cfs) 

Surface 
Elevation 
(feet-msl) 

Head 
(feet) 

Surface 
Area 

(Acres) 

47 .000 0 930.0 0.0 .00 
.350 424 935.0 5.0 .14 

2.150 710 940.0 10.0 .73 
9.118 1002 945.0 15.0 2.20 

26.505 1214 950.0 20.0 5.08 

48 .000 0 926.5 0.0 .00 
.722 99 935.0 8.5 .17 

2.678 3357 940.0 13.5 .51 
6.440 12788 945.0 18.5 1.22 

54 .000 0 899.5 0.0 .00 
1.800 825 905.5 6.0 .60 

13.336 1366 912.0 12.5 4.00 
38.620 2971 915.0 15.5 6.65 
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Table 2-16 Run 2 Annual Peak Flows and Frequency Analysis at Aztec Ave. (Segment 53) 

ANW:AL PEAK FLOWS FCR SEGMENT Nn. 53 FOR WARREN CREEK, RUN KC 1*, EXIST LAND USE WITH CULVERTS, FLOWS AT REACHES 

WATER YEAR 	PEAK FLOw(CFS) YEAR MONTH DAY 
wwwww 

   

1 9 18 	 85,9 

1 919 	 ?39,9 
	

1918 

R I 7  1920 
1921 	 643,1 	 921 	AU(.., 	24 
1922 	 502,0 	 921 	NOV, 	16 
1923 	 371.0 	1923 VA

IY' 3/ 1924 	 223,6 
1925 	 278.2 	 19?5 JAN, 	li 
1926 	 655,7 	 1926 AU(, 	11 
1927 	 166.0 	 927 	FEE, 	23 
192A 	 669,8 	 928 JULY 	10 
1929 	 257,9 	19P9 MAR, 	14 
1930 	 132.3 	1430 	may 	17 
1931 	 1 5 2,4 	1 9 31 	JULY 	28 

1933 
193? 	 ii1:1 	933i 3K1 it 
1934 	 276,2 	1934 JULY 	19 
1935 934 CCT . 	S 

.p- 	 1936 	 IV:A 	1936 SEPT 29 
cr, 	 1937 	 312,6 

193A 	 538.7 
	 937 3g1 H 193.; 	P84.8 	1939 	JUNE 	22 

1940 	 508,5 	 940 SEPT 	10 
1941 	 322,6 	1941 	AUG. 	13 
1942 	 301.7 	1942 PAR, 	20 

MEAN = 	343.4 	 STANDARD DEvIAT/CN = 	172.2 

FLOC() FREQUENCY FOR FLOwPOINT 53 FOR WARREN CREEK, RLN NC 14, EXIST LAND USE. WITH CULVERTS, FLOWS AT REACHES 

RETURN PERICD PRCBAFILITY FLOW 	CPS 	w S ELINd IN FT 

      

2-yFAR 50.0 315.1 
5-YFAR 20.0 487,3 
10-YEAR 10,0 568,0 
25-yFAR 4,0 695,3 
50-YFAR 2,0 789,8 
100-YFAR 1,0 883,6 
200-YEAR 0,5 977,0 

• 

917,6 
919.2 
920.2 
921,5 
922,5 
922.6 
922.7 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE, 



Table 2-17 Run 2 Annual Peak Flows and Frequency Analysis behind Santa Fe Drive (Segment 50) 

thINUAL 	PEAK 

WATER 

FLOAS FCP 	SEGMENT 	NO. 	50 	FOR 	WARREN 	CREEK. 	RUN 	NC 

YEAR 	PEAK 	FLCA(CES) 	YEAR 	MCNTH 	DAY 

	

918 	 138,4 	 1918 	APR, 	7  

	

119 	 353.7 	 1819 	NAY 	
15 

6 

	

1920 	 70. 	1920 	A6G. 

	

1921 	 aLua
9 
	 1921 	AUG, 	?4 

1A, 	EXIST LAND USE WITH CULVERTS, 	FLOWS AT REACHES 

1 9 22 	 6 8 1.1 
19?3 	 485.7 

	

1
19

9 21 	NCV, 	16 

	

23 	FEF, 	13 
924 	 3!5•5 1924 	NAY 	27 
929 DEC. 	8 1 924 19 .e.6 	 8f 0.2 926 	AIG, 	11 

	

1
1927 	 '20.8 

	

9211 	 '809,3 
19P/ 	FEM. 	23 
1928 	JU Y 	10 

1929 	 326.8 1929 	VAR. 	14 
1930 	 2(0.9 1930 	NAY 	17 
1931 	 3 0 5.3 1931 	JULY 	28 
1932 	 4/.3 1932 	JUNE 	18 
1933 JUNE 	10 
193 4 	 44 	,8 

1933 
934 	Y 	1 

CCT V  1935 	 1f),7 CCT. 	5 
1936 	 48'J.9 1936 	SEPT 	29 
1937 1937 	JUNE. 	17 
938 1938 	JOE 	25 
939 	 4/,;.? 1939 	JPKE 	22 

194n 	 7S1.6 1940 	SEPT 	10 
1941 	 5 5 0.0 1941 	AUG, 	13 
1942 	 37/,0 1942 	PAR, 	20 

WEAN 	= 	492,2 STANDARD 	DEVIATICN = 216.1 

'TLCCD 	FREQUENCY 	FOR 	FLCNECINT 	50 FOR 

• 
WARREN 	CREEK, 	RLN 	Kr 14, EXIST LAND USE WITH CULVERTS, 	FLOWS AT REACHES 

RETURN 	PERTCO 	PROBABILITY FLOW 	IN 	CFS 	w 	S ELEv IN 	FT 

2-YEAR 
5-YEAR 

2 0-YEAR 
5•YEAR 

50.0- AR 
100-YEAR 
200•YEAR 

50.0 456.1 916,6 
20,0 647.7 917.2 
10.0 774,? 917.7 
4,0 934,0 918.2 
2,0 1052.5 918,5 
1,0 1170.2 9 18.7 
05 1287,4 918,8 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLCCD GREATER THAN THAT INDICATED IN THE TABLE, 



Table 2 -18 Run 2 Annual Peak Flows and Frequency Anaysis at 1-85 (Segment 58) 

ANNUAL PEAK FLOWS FrR SEGMENT NO, 58 FOR WARREN CREEK, RUN NC IA, EXIST LAND USE WITH CULVERTS, FLOWS AT REACHES 
	*******.*******-• 

WATER YEAR PEAK FLOO4ICFS) 	YEAR MONTH DAY 

   

MMMMM =WM 

   

1 9 IP 	 298,6 
1919 	 804,2 
1920 	 1691,6 
1921 	 1910,4 
1922 	 1621,9 
1923 1113:1 1924 
1925 	 940,8 
1926 	 202/ 8 1 

1;51 
q7i1 ■ 1 1929 

1930 	 410,4 
931 	 509,0 

1932 	 1139,5 
1 9 31 	 1303.0 
934 	 945,8 
1935 	 397,8 

=.- 	 936 	 1097.5 
v 	 1937 	 1043,0 

1938 	 17 0 7.0 
1939 	 1010,6 
1940 
1941 	

16 73.8 
11 6 1.2 

1 942 	 1020,6 

1936 

1938 
1939 
1940 
19 141 
1942 

1918 
919 

1920 
1921 
192 192 
9?4 
1925 
1926 
927 

1928 

930 
931 
932 
933 
934 
934 

937 

APR, 
PAY 
AUG, 
AUG, 
NO, 
FEB, 
MAY 
JAN, 
AUG, 
EF8A 

y JULY 
 PAR, 

MAY 
JULY 
JUNE 
JUNE. 
JULY 
CCT I 
SEFT 
JUNE 
JUNE 
JUNE 
SEPT 
AUG. 
MAR, 

7 
6 

15 
24 
16 
13 
27 
11 11 
23 
10 
14 
17 
28 
18 
10 
19 
5  29 

17 
25 
22 
10 
13 
2 20 

MEAN s 1126.8 	STANDARD DEVIATION = 	516,7 

FLOOD FREGLIF1.CY FOR FlOOLPCINT 58 FOR WARREN. CREEK, RUN NG 1A, EXIST LAND USF WITH CULVERTS, FLOWS AT REACHES 

RETURN FRICI) 	FRO8A8ILITY FLOW IN CFS W S ELLV IN FT 

      

2* ,,FAR 

115
5p -YEAR 

50-YFAR 

20 0-YEAR 0•YEAR 

50,0 1042.0 902,4 
20,0 1498,6 9C4,3 
10.0 1800,9 904.7 
4,0 2182,8 
2,0 2466,2 90,5,6 

2747,5 9C6,0 
302/,7 906,3 

* 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATEN THAN THAT INDICATED IN THE TABLE, 



- Culvert Capacity = 109 cfs 
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Figure 2-6. Effect of Upstream Culvert on the Flood Frequency in Channel Segment 7 



Table 2-19 

Simulated Flows at Existing Culverts 

Road Storage 
Segment 

Capacity 
cfs 

Max. Sim. Pk. 
cfs 

Return Pd. Overtopped 
years 

Pineland 3 377 317 40 

North Dekalb 5 944 369 >200 

McClave 7 109 309 3 

Brook Park 39 145 91 200 

Wheeler 41 815 580 100 

Wheeler 43 122 142 15 

Chesnut 45 572 712 15 

1-285 47 1214 753 >200 

Poplar 48 100 155 5 

Aztec 54 1366 1065 100 

1-85 64 3250 2086 200 
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The effects of storage behind existing culverts on three simulated 

flood peaks are summarized in Table 2-20. By comparing these results 

with Figure 2 -2, one can see that the culverts are not affecting the 

flows on the north branch but are substantially reducing flows on the 

west branch. Closer study shows the culverts at Pineland (3) and Aztec 

(54) to be the ones having the primary downstream flood reduction effect. 

At least in this case, culverts are initially constructed larger in 

industrial than they are in residential areas,and this combines with 

a greater imperviousness to compound downstream flooding. 
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Table 2-20 

Differences in Three Simulated Flood Peaks With and Without 
Storage Behind Existing Culverts 

Channel 
Reach 

1921 Peak 
Without 	With 

cfs 	cfs 
Per. 
Red. 

1926 Peak 
Without With,Per. 

cfs 	cfs 	;Rea. 

1928 Peak 
Without With.Per. 

cfs 	cfs 	Red. 

40 570 452 21 534 448 16 526 449 14 

42 142 119 16 128 117 8 139 127 8 

44 370 285 23 354 303 14 352 301 14 

46 837 850 0 754 789 0 686 718 0 

50 757 742 2 757 768 0 713 723 0 

51 474 389 18 472 416 12 498 431 13 

52 153 138 9 131 134 0 129 127 2 

53 790 541 31 789 581 26 807 590 27 

56 1235 727 41 1250 791 37 1283 828 35 

57 876 863 1 923 928 0 883 885 0 

58 2210 1528 31 2300 1662 28 2292 1673 27 
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5. Flooding of Houses Facing Santa Fe Drive  

Seven houses facing Santa Fe Drive were found subject to inundation 

by the 100-year flood (from channel segment 50). Possible remedial 

measures include detention storage behind 1-285, channelization of 

the stream in back of the houses, flood proofing the buildings, and 

purchase. As a hydrologic study, this analysis only dealt with the re-

duction in flood flows that could be achieved by detention storage and 

with the degree to which channelization to protect the houses might 

increase flood flows further downstream. 

The design contemplated for storing water behind the 1-285 embankment 

was to place an entrance structure on the existing 8' by 7' box culvert 

that would back the water up by restricting inflow. The design 100 -year 

surface elevation for the ponded water was 950 feet or 10 feet below the 

roadway elevation of 960'. Run 7 was used to size an appropriate en-

trance. The data for the three area, one channel, and two storage seg-

ments found upstream from 1-285 were the same as shown on Tables 2-11 

and 2-15 except for the effect of the diminished culvert entrance. This 

effect was simulated by using values of JT = 6, JEL = 938, and several 

values of JS1 at half-foot increments to find an appropriate entrance 

size. A diameter of five feet was found to be the smallest with a 100-

year water surface elevation less than 950'. 

Run 8c then was based on the segment data on Tables 2-11 and 2-15 

except for the modification to storage segment 47 to account for the 

optimum inlet diameter of five feet. The reductions in flows achieved 

behind the Santa Fe homes (Channel segment 50) are shown on Table 2-21. 

The storage is shown to be effective in flood peak reduction in this 

critical damage area. 

Run 9 used the same data for the segments tributary to Reach 50 

as did Run 8c but simulated the complete annual series required for the 
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Table 2-21 

Reduction in Flood Flows Behind Santa Fe Drive 
from Detention Storage behind 1-285 Embankment 

Flood 
Year 

Flow without 
Storage cfs 

1 

Flow with 
Storage cfs 

Reduction 

Percent Feet 

1920 711 451 37 0.8 

1921 828 533 36 1.0 

1926 860 594 31 0.9 

1928 809 542 33 0.8 

1933 636 376 41 0.9 

1938 775 488 37 1.0 
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frequency analysis. The estimated annual flood decreased from 457 to 

314 cfs or by 0.6 feet. The 100-year flood decreased from 1170 to 758 

cfs or by 1.1 feet. This will substantially reduce the flooding problem, 

but more precise channel sections and backwater studies are needed to 

evaluate whether this storage alone would provide adequate protection 

for the homes. 

Run 4 examined the downstream hydrologic effects of channelization 

in segment 50. The data in Tables 2-11 and 2-15 were again used except 

for the modification to channel segment 50 to reflect a 50-foot bottom 

width channel with 2 on 1 side slopes and n = 0.025. The simulation 

showed that the channelization of the full 1760-foot length of channel 

segment 50 would increase both the mean annual and the 100-year flood 

peak by 10.6 percent at the downstream end of the reach, would increase 

them by 7.5% at the end of reach 57 and by 2.8% at the end of reach 58 

at 1-85. As very little flood damage is now occuring along Channel 

Segments 57 and 58, and the percentage increases are so small, it would 

be hard to argue against channelization in this case on the basis of 

adverse downstreams hydrologic effects. The effects would be smaller 

if only the 600 feet of channel immediately behind the homes are 

channelized and smaller yet if channelization takes the form of a small 

levee between the affected homes and the creek and located near the 

back of the lots. Such a levee and detention storage would seem to be 

the most promising alternatives and should be compared in seeking a 

least cost solution. 
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6. Other Drainage Problems  

Other lesser drainage problems occur just Upstream from Wheeler 

Drive near its intersection with Addison Drive and at other locations. 

Two storage sites were considered for reducing flows in the Wheeler 

Drive area. One was in the low area upstream from Brook Park Road, 

and the other was at a site behind Sequoyah High School. Run 5 was 

used to size an appropriate entrance to the culvert under Brook Park 

Road. A 2.5-foot culvert was found to be the smallest with a 100-year 

water surface elevation in storage segment 39 that did not overtop the 

road. Run 6 was used to size an outlet for the possible detention 

storage behind Sequoyah High School. A 4.5 foot outlet was found to be 

the smallest with a 100-year water surface elevation in storage segment 

49 that did not exceed the design value of 930 feet. 

Runs 8a and 8b were based on the segment data in Tables 2-11 and 

2-15 except for the modifications to storage segments 39 and 49 re-

spectively. The Brook Park storage site was judged ineffective from the 

results summarized in Table 2-22. The effects of the Sequoyah site are 

summarized in Table 2-23. That site is somewhat more effective in re-

ducing downstream flood peaks since it controls a lager area. Even 

though this site does significantly reduce downstream flood peaks, it 

hardly seems justified at present because there is little if any 

damageable property in the affected area. Its most likely justification 

would be as compensation for future urbanization. 

Run 9 included the Sequoyah but not the Brook Park storage. The 

simulated annual peaks and results of frequency analysis for channel 

segments 53, 50, and 58 are shown in Tables 2-24, 2-25 and 2-26, re-

spectively. At 1-85 (segment 58) the two storages are seen to reduce 

the mean-annual flood peak from 1012 to 872 cfs and the stage by 0.8 

feet. The 100-year flood is reduced from 2748 to 2203 cfs, and its 



Table 2-22 

Reduction in Flood Flows from Storage at Brook Park Site 

Segment Flood 
Year 

Flow without 
Storage cfs 

Flow with 
Storage cfs 

Reduction 
Percent 

42 1920 78 72 8 

1921 83 77 7 

1926 79 75 5 

1928 89 81 9 

1933 42 44 0 

1938 68 62 9 

53 1920 544 538 1 

1921 643 637 1 

1926 656 651 1 

1928 670 661 1 

1933 384 383 0 

1938 539 534 1 

56 1920 888 884 0 

1921 968 964 0 

1926 1023 1017 1 

1928 1064 1047 2 

1933 641 637 1 

1938 863 860 0 

58 1920 1692 1676 1 

1921 1910 1907 0 

1926 2027 2021 0 

1928 2032 1997 2 

1933 1303 1295 1 

1938 1707 1705 0 
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Table 2-23 

Reduction in Flood Flows from Storage at Sequoyah Site 

Segment 
Flood 
Year 

Flow without 
Storage cfs 

Flow with 
Storage cfs 

Reduction 
Percent 

51 1920 355 212 40 

1921 388 224 42 

1926 411 241 41 

1928 432 251 42 

1933 236 151 36 

1938 332 197 41 

56 1920 888 805 9 

1921 968 865 11 

1926 1023 905 12 

1928 1064 921 13 

1933 641 542 15 

1938 863 777 10 

58 1920 1692 1607 5 

1921 1910 1814 5 

1926 2027 1926 5 

1928 2032 1892 7 

1933 1303 1203 8 

1938 1707 1636 4 



Table 2-24 Run 9 Annual Peak Flows and Frequency Analysis at Aztec Ave. (Segment 53) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 53 FOR WARREN CREEK, RUN NC 9,RUN 2 + ACCEPTED STORAGE UNITS • 
WATER YEAR PEAK FLOw(CrS) YEAR MCNTN DAY 

witem WW • WW eve 

  

 

9 18 AU. 

	

9,.0 	AUG, 	15 
921 AUG, 24 

	

1I?1 	17;v. 	It ft!.A, 
MAY 

1

9?) t.;•! ' :J: 23 

9 ∎.9 11.,  
Pg MAY 

	

 
9A: 	4w:F; 	1h 

	

1936 	JUNK 	tO 
M .(!, ! , "'4 

	

-.E,, 	F: !,i, 	2 

	

17 	J .LiE. 	l'i 
l ' A :114 25 
?A 	T  

	

ii 	iH 	li 

	

194e 	10 :.R: 	20 

 

MEAN ; STANDARD DFVIATICN = 	172,2 

FLOOD FPEOUENCy FOR FLCWFCBT 53 FOR WARREN CREEK, RLN NC 9eRUN 2 	ACCEPTED STORAGE UNITS 
	 _IPPWww ,p000pm W ww W p VV p VVVVVVV .pwpper '55!5! 

rETURN PIPIOD 
W P WWW 90110.011 

20YFA9 
cYFAR 

IOPYAR 
"e'eYH!..R 
50,0F AR 

100•yr-AR 
200rYLAR 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE, 

woo••••• 

P;:C0A73ILITY 	FLCO4 IN CF3 	W 9 ELF\,  IN FT 
•ipappera 

50,0 

i:8 
40 
2,0 
1,0 
0,5 

315,1 
11q.3 
695,3 
789,8 
083,6 
971,0 



Table 2-25 Run 9 Annual Peak Flows and Frequency Analysis behind Santa Fe Drive (Segment 50) 

ANNUAL PEAK FLOWS POP SEGMENT NO, SO FOR WARREN CREEK, RUN NC ',RUN 2 t ACCEPTED STORAGE UNITS 

WATER YEAR 	PEAK FLOWCCFS) YEAR MONTH DAY 
•we* •OOOO 

9 8 APR. 	/ 
9 9 MA R• 
 Al. 1 

1 
9  • 

; 	

4 

11 Os 
III MAY 	# 

1 	P1 I 
i t  hh 2 
Li hi II 
941 AUG. 	. ..a MAR, 	0  

9 

MEAN P 	336,5 	STANDARD DEVIATION • 	1344 

FLOOD FREQUENCY FOR FLOWPOINT SO FOR WARREN CREEK, RUN NO 9,RUN 1 * ACCEPTED STORAGE UNITS 

RETURN PERIOD 	PROBABILITY FLOW IN CF8 	W I ELEV IN FT 

       

18:8 	lilif 

4 
'PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TAM. 

Am* 



PROBABILITY 
OOP OOOOO Vogl 

RETURN PERIOD FLOW IN CFS 	W S ELEV IN FT 

50,0 
20,0 
10,0 
4,0 
2,0 905,0 

90L.;,6 

87?.,2 
Wjet,  

ki424,0 

2i, YFAR 
tiVF- Ar4 
I0eYFAR 
?5mYtAR 
JO*YFAR 

inOoYFAR 
2000AR 

Table 2-26 Run 9 Annual Peak Flows and Frequency Analysis at 1-85 (Segment 58) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 58 FOR WARREN CREEK, RUN NC 9FRUN 2 ♦ ACCEPTED STORAGE UNITS 

MATER YEAR 
OOOOOO so 

PEAK FLOWICFS) 	YEAR MONTH DAY 

 

•••• ••••• ••• 

 

1M 	

N:: 

W4,6 

6,4 
880,9 
5!1),7 

6 1".J,5 

514,4 
01,8 

2FP.,8 
916 ' 

tV 
9',"' 

9,1 

04 	 82 
'VIA 
9?6 

1680 
19i.!9. 74'3,6 
1930 

ili 	

368,2 
032,1 
9 '46 
9C, r?,

,  
0 -14 	 73),7 
9.;5 	 39,9 

iil 	
e8 _. :,,6
i3A s t 

939 
002 	 13!?1,9 

916,3 
00 	 ,5 
94i 	 So3,2 

1919 g , 	1 
!!!19 221 	 iS 
1921 	AUG: 	24 

r
4
i ;11. 11 

92 M .  7 
05 JA

AY 
 N, II 

145; cal. 
IN gA/ S 
1930 MAY ,  

iiii JRI 	1 
1934 
934 

Pi 
1936 
939 
in9 
1441 

(21,.y 
LT 

JUNE 
JUNE 
JUNE 
VFT 
M A R, 

- 

t 

i; 
5 22 

/4 

MEAN I 	938,4 	STANDARD DEVIATION a 	903,2 

FLOOD FREQUENCY FOR FLOWPCINT 58 FOR WARREN CREEK, RUN NO 9pPUN 2 ♦ ACCEPTED STORAGE UNITS 

a 
PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE, 

eve 	mm 



stage drops 0.7 feet. 

7. Development of Wooded Area  

Run 3 examined the downstream hydrologic effects of development of 

the wooded hillsides in area segments 26 and 34. The data in Tables 2-11 

and 2-15 were modified to provide impervious fractions of 0.70 in these 

two segments. The simulation showed that this urban development would 

increase the mean annual flood peak by 7.2 percent and the 100-year 

flood peak by 5.2 percent at the downstream end of Reach 50. The in-

creases are 6.1 percent and 4.3 percent at the end of Reach 57 and 

2.8 percent and 1.6 percent at the end of Reach 58. No stages are 

affected by more than 0.1 foot. Consequently, downstream flood control 

benefits do not present a very strong argument against development of 

this area. 
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8. Effects of Additional Urban Development on Flooding  

Runs 10 and 11 were used to examine the degree to which one might 

expect flooding to be aggravated by the urban development projected in 

Table 2-10. Run 10 examined the effects of urban growth alone. Run 11 

examined the effects of urban growth with compensating storage at 

storage segments 47 and 49. Although not simulated, smaller sites on 

individual developments are an alternate way to provide compensating 

storage. The simulated annual peaks and results of the frequency 

analysis from Run 10 for channel segments 53, 50, and 58 are shown 

in Tables 2-27, 2-28, and 2-29, respectively. The results from Run 11 

for the same three channel segments are shown in Tables 2-30, 2-31, and 

2-32. 

At Reach 53, the additional urban development would increase the 

mean annual flood from 315 to 361 cfs for a 0.5 foot rise in stage. 

The 100-year flood would increase from 884 to 986 feet, a rise of 0.2 

feet. Flows at this location are not affected by the two storage sites. 

At Reach 50, the additional urban development would increase the 

100-year flood from 1170 to 1273 cfs and add 0.1 feet to its stage. 

Storage would reduce the flow to 821 cfs or 0.9 feet below the current 

peak stage. 

At Reach 58, the additional urban development would increase the 

100-year flood from 2748 to 3005 cfs and add 0.3 feet to its stage. 

Storage would reduce the flow to 2410 cfs or 0.5 feet below the current 

peak stage. 
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Table 2-27 Run 10 Annual Peak Flows and Frequency Analysis at Aztec Ave. (Segment 53) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 53 FOR WARREN CREEK. RUN NC 10A, HILL SIDE DEV, FLOWS AT REACHES 	 • w 	 

MATER YEAR 
	

PEAK FLOK(CFS) 	YEAR MONTH DAY 

 

• ip mew* 

 

.... • ma ts 

  

	

1918 	 108,3 	1918 	APR, 	7 

	

1919 	 p65,4 	 6 

	

1 20 

	

604 

	

1 	
702 

	

922 	

,
8 

 4 
. 

551,7 	

1919 HAY 

135? AUG, n 
1921 	Nov, 	16 

	

1923 	 38 3.1 	1923 FEF, 	13 
1924 

N693 	
1924 mAY 	27 

925 
730.3 	

1924 CEO, 	8 

	

926 	 1926 AUG, 	11 
927 1927 FEB. 	23 

	

928 	
1790 
698,1 	1928 	JULY 	10 

	

929 	 271,1 	1929 PAH, 	14 

	

930 	 154,8 

	

1931 	 206.1 
	

1930 WY N 

	

193? 1 9 32 JuNF 	18 

	

1931 	 4 4,9 	1933 JUNE 	10 

	

1934 	

18.3  

348.2 	1934 Joy 19 

	

1935 	 121.9 	1934 	OCT. 	5 

	

1936 	 361,9 1936 SFFT 29 
360.7 

	

1937 	 1937 JUNE 	17 

	

1938 	 645,7 	1938 JUNE 	?5 

	

1939 	 3 11 9,5 	1939 JOE 22 

	

1940 	 614,1 vl 	 1940 	SEPT 	10 co 4 1 7.2 	1941 	ALfl, 	13 
942 

	

1 9" 	 311,9 	1942 MAR, 20 

MEAN = 	392,2 	sTANDARO DEVIATION = 	189.3 

FLOOD FRFGUENCY FOR FLONFCINT 53 FOR WARREN. CREEK, RUN NC 10A, HILL SICE DEV. FLAWS AT REACHES 

RETURN PFRTOD 	FROBAFTLTTY FLOW IN CFS 	a S FLJV IN FT 

        

2•YFAR 50,0 361.1 918,1 
5•YFAR 20,0 SP8,4 Y19,8 
10-YEAR 10.0 639.2 9i1,0 
25•yEAR 4,0 779.2 922,4 
50•yFAR 2,0 883.0 Cc2,6 
100•YEAR 1,0 986,1 (ti1,8 
200•yfAR 0,5 1088,8 922,9 

FERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GRFATFR THAN THAT INDICATED IN THE TABLE, 



Table 2-28 Run 10 Annual Peak Flows and Frequency Analysis behind Santa Fe Drive (Segment 50) 

ANNAL PEAK FLOWS FrP SEGNFNT NO, 50 FOR isARREN CREEK, RUN NC 10A, HILL SIDE [WV, FLOWS AT REACHES 
•	 

PEAK FEC ■s(CFS) 
•	 

YEAR mCNTH DAY 
..... 

WATER YEAR 

191P 	 167,9 	 1918 	Apq, 	1 

Ic9T 	
406,9 
755,1 
B91,7 	

6 1919 7
, N, 	15 

1921 
1922 	 731,6 	 1(9)fl 

	Au(, 
	21ih 

1921 	 00,9 	 1923 FEH, 	13 
1924 	 372,4 	1924 	MAY 	27 
1925 	 518,6 	 1924 	LFc, 	A 
1926 	 929,9 	 1926 	ALC, 	11 
1921 	 241,0 	 1926 	NCy„ 	15 

846.6 	 1920 JOY 10 
W4 	 341,4 	 1929 NAP, 14 
1930 	 P45.0 	 1930 	NAY 	17 
1931 	 376.0 
1932 	

1 9 31 	JULY 	28 
1930 	itiNF 	18 

1933 
	 511 

3: i  01  
1934 	 96P.? 	

1933 	JUNE 	10 
1934 	JULY 	19 
1934 	CCT 1939 	 214.4 	 c, 

1 9 36 
1937 	 :',Y;:11 	1936 	SE-Pf 	29 1937 	JuNF 	17 

\.0 	 193P 	 E- , 9,4 	 1936 	JUNE 	25 
1939 
	

54e,=, 1939 	Ji.INF 	22 
i ,:,..9 	1940 	SEPT 	10 

1941 	 692.3 	 1941 	At G, 	13 
1942 	 391.9 	 1942 	PAN, 	20 

MEAN s 	549,3 	 STANDARD DEVIATION = 	230,8 

FLOUT FREDuENrY FOR Flf7V;PCINI 50 FOR kiARREN. cRFFK, PIN Ni 'OA, HIL( SIDF DEN, FLCHS AT REAcF•ES 

RETLRN PERIOD 	PROBABILITY FLOW IN CFS 	W S FLFV IN FT 

        

2-YEAR 50.0 
5-YEAR 20,0 
10.YFAR 10.0 
25-YEAR 4,0 
50-YEAR 2,0 

100.PYFAR 1.0 
200-YEAR 0,5 

511.4 
715,4 
P50.4 
1021,1 
1141,7 
1?73,4 
1398,6 

916,8 
917.5 
C179 
9 	

, 
1/4 4 

9 18,7 
918,8 
919,0 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLCCO GREATFE THAN THAT INDICATED IN THE TABLE, 
mem 	 MIIIRmIPMPISMP 



YEAR HCNTH DAY 
MM.= MMMMM 011.• 

1918 	APR, 	7 
1919 	PAY 	6 
1920 	AU(?, 	15 
1921 	0126, 	24 
1921 	KCV, 	16 
1923 	FEB, 	13 
1924 PAY 	27 
1924 rEC, 	8 
1926 	At41 . 	11 

WI W; 23 

1 ,09 PAP, 	14 

0/7 'WY - 14 

1411 :re H 
1934 JLLY 19 
1934. fCT 5 
1936 SFPf 29 
1937 JUNE 11 
1938 JUNE 25 
1939 JONI- 2P 
1940 tFP1 to 
1941 ALG, 13 
1942 PAR -, 20 

STANDARD OFVIATICK = 	547,5 

Table 2-29 Run 10 Annual Peak Flows and Frequency Analysis at 1-85 (Segment 58) 

ANNI'AL PEAK FLOWS FrR SEGPFNT NO, 58 FOR ■%ARREN CREEK, RUN NU 10A, HILL SIDE DEV, FLOWS AT REACHES 

aN 
0 

WATER 

1918 

1920 

1922 

1926 

1933 
1934 
1939 
1936 

1938 
1939 
1040 

YEAR 	PEAK 

919 

1921 

1923 
1924 
1925 

1927 
928 
929 

1930 
1931 
193P 

937 

9 41 
1942 

"'IAN 	= 

FLCK(CFS) 

388,5 
910,5 
179,7 
n76.8 
1768,0 
1317,5 
919,2 
1075,3 
224840 
591 

2115, 
q25, 
496 	
79

,41  
1.6 

1337,6 
1619,7 
1197.5 
430,2 
1312.1 
1211,0 
1957,9 
1281.8 
899,4 
1509,2 
1069.5 

1287,4 

FL6CC FRECUFNCY FOR FLCKPCINT 58 FOR KARREN cREPK, RLN K( 104, FILL SICE DElo, FLOWS AT REACHES 

RFTLRN PERIOD 	PRCHAPILTTY 	FLOw IN CFS 

2-YFAR 
5.-YEAR 10.(AR 

25-YFAR 
50-YEAR 

100.-YFAR 
200•YFAR 

50,0 
20.0 
10.0 
4,0 
2,0 
10 
0,

,
5 

1tgt.S 
1(01.3 
?n01.7 
2a0b,i4 
P/06,6 
3004.7 
3301.6 

W S FLEV IN FT 

qr i,? 
914,c, 
905.0 
905.5 
9(50 
906,3 
906,7 

PERCENT CHANCE IN AKY YEAR OF GETTING A FLCCD GREATER THAN THAT INDICATED IN THE TABLE, 



Table 2-30 	Run 11 Annual Peak Flows and Frequency Analysis at Aztec Ave. 	(Segment 53) 

NNLAC 	PEAK 	FCOKS Frs 	SEGMENT 	NO. 	53 FOR 	M,ARREN 	CREEK, 	RUN 	NC 	11, 	RUN 	9 	+ 	PROJECTED 	IPS 	 ... 

t4ATER 	YEAR PEAK FLC∎N(CFS) YEAR 	MDKTP 	DAY 
IMMIMM 	 MMMMM 

191P 108,3 1918 	APR, 	7 
1919 265,4 1919 	MAY 	6 
1 9 2 0  
1921 

604.4 
7 0 ?..8 

1920 	Alai, 	IS 
1921 	ACC', 	24 1922 

1923 
55/.7 
353.1 

1921 	NCY, 	1 6  
1923 	EFH, 	13 

1924 796.3 1924 	MAY 	27 
1925 296,9 1924 	DEC. 	e 
1926 730.3 1926 	Alii;„ 	11 
(127 1 7 9,0 1927 	H. 	?3 
92P P 9 e.1 1928 	JULY 	10 
92q 271.1 1929 
	

14 
M AYS 930 1'14.8 1930 	MAY 	17 

931 2 0 6.1 JulY 	2E4 1 931 932 
933 

3 1-'80 
/014,9 

	

932 	JOE 	16 

	

1933 	JCPE 	10 
934 10A,P 1934 	JU1 Y 	19 
935 
36 

171.9 
367,9 

1934 	('cil 	5 
1936 	SFPT 	29 

937 360,7 1931 	JOE 	17 
19A8 6145.7 1938 	JuNf- 	25 
19Ac 1939 	JLNE 	22 
1940 614.1 1940 	AfPT 	10 
1941 417,2 1941 	Al!', 	13 
1942 3110 1942 	MAO:, 	PC 

MEAN 392,2 STANDARD 	DF- vIATICN 	= 189,3 

- (rrr PRED!Tr, HY FCR Firr.prrkl 51 FOR 	cREF*, stN Kr 11, PO 9 ♦ PROJECTED IA'S 

F;.T1RN VERTun 	Fkr9ARTLTly Fix ,i IN rs 	A s 	IN FT 

        

        

2..VPAR 
5-YP4n 

10-YEAR 
751FAR 
'10-YEAR 

100-YPAP 
200-YEAR 

5n e l 
;n ip() 
10,0 
4,0 
7,0 
1,0 
0,5 

361,1 
5214 ,04 
639,? 
719,2 
993,0 
9N6,1 

10A13,8 

91P,1 
919,P 
921,0 
922,4 
922.6 
922,8 
922.9 

PENCENT CRANCE IN ANY YEAR OF GETTING A rum) GREATER THAN THAT INDICATED IN THE TABLE, 



Table 2-31 Run 11 Annual Peak Flows and Frequency Analysis behind Santa Fe Drive (Segment 50) 

ANNUAL PEAK FLOWS PER SEGMENT NO, 50 FOR WARREN CREEK, RUN NC 11, RUN 9 + PROJECTED IA'S 

MATER YEAR PEAK FLOW(CFS) 	YEAR MONTH DAY 

   

0 1.M111. . M e* 

   

91. Wif 	pp gr4. 1 PH 	 9 0 AUG, 15 

MI  AUG. 24 1 ,91 ; 	 580,8 
494.4 

192i 	 365,1 	192 	FEB: 13 

0 	302,3 
327,0 
643,3 	

1924 DEC, 27 
924 DEC, 	8 

ri7 	 192,9 	359 ta. 11 
MC 	254:: 	IM 40 IS 930 	159.2 	930 MAY . 	17 
931 	 228,4 

415,2 	1332 JaZ 18 1932 
933 	 444,9 	933 :NI IS 934 	 338 ,1 

1137, 	/13.1 	B2 OCT, 29  
N4 , 

IIN 
RR 
940 	 g 115 	 1940 9,; 	

I'M SEPT0 ii 
 10 

1341 	295:9 	PSI tkk H 
MEAN a 	371,8 
	

STANDARD DEVIATION s 	143,1 

flOOD - FREQUENCY FOR *tcaperNi 50  FOR WARREN CREEK, RUN NO 11. RUN 9 + PROJECTED 1 ,08 
*sew 

RETURN PERIOD 	PROBABILITY FLOW IN US 	W S FLEV IN FT 

     

2•Y FAR 
50.YEAR 
10•YEAR 
25•YEAR 
50•YEAR 

100•YEAR 
200"Y AR 

500 
20 , 0 

4. 
10,0 

0 
2,0 

0 .
5
0 

 , 

348,3 
474,7 
558,4 
664.2 
742.6 
820,5 
898,1 

9161 
916, 
916, 
917 1 3 
917.6 
917.8 
918.1 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 



Table 2-32 Run 11 Annual Peak Flow and Frequency Analysis at 1-85 (Segment 58) 

m 
w 

ANNEAL 	PEAK 	FLOWS 

WATER 	YEAR 

191P 
1919 
1920 
1921 
192? 
1921 
192a 
12. 
1928 
1921 
1(7214 
1929 
1930 
1931 
193? 
193'4 
1934 
1935 
1936 
1937 
193 0  
1939 
1940 
1941 
1942 

FCR SEGMENT 	NC. 

PEAK 	F[M..(cFS) 

361,7 
/65,9 

1465,1 
1691,6 
1414.7 
11;76.3 
813,7 
879,6 
182.0 
559,0 
1725.1 
7 8 7.9 
414,5 
.16.4 

11h1,t 
12A3.9 
912,4 
390.3 
1141.2 
c:56.5 
15e8.n 
1062,2 
1537.8 
1189,9 
911.8 

MEAN 	= 	1c61.9 

58 	FOR 	WARREN 	CREEK, 	RUN 

YEAR 	MONTH 	DAY 

1918 	APR, 	7 
1919 	PAY 	6 
1920 	AL(, 	15 
1921 	ALG, 	24 
1921 	', Cy, 	1t. 
1923 	FEE, 	13 
1924 	NAY 	27 
1925 	JAN, 	11 
1926 	ATI6, 	11 
1927 	FE8. 	23 
1928 	JlAY 	10 
1929 	MO, 	liJ 
1930 	PAY 	1/ 
1931 	JLLY 	28 
1932 	JLNF 	18 
1'433 	JLNE 	10 
1934 	JLTY 	19 
1934 	rcli 	5 1936 	SFPT 	29 
1937 	JLNE 	11 
1938 	JUNF 	25 
1939 	JT.NF 	22 
1940 	SEPT 	10 
1 94 1 	AUG, 	13 
1942 	MAR, 	20 

STANDARD 	DEvIAT1CN 	= 

KC 	11, 	RUN 	9 	+ 	PROJECTED 	IA'S 

429,8 

FLCC17 EFFM , f1, rY FrIR FLGWFCII I F8 FcR kAF41-K CREEK, RIN No 11, RLK 9 + FRCJEDIED IA'S 

FETtPN Fj'RICO 	FSCPAPILTTY FL(7 4  IN CF ...5 	h S ELFAf IN FT 

       

       

-YEAP 
S-Yc'.AP 

10.0er, At,i 
25 ,-YFAR 
50-YE- AR 
100-YFAR 
200.-0-.A4 

!)0.0 
20,0 
10,0 
4,0 

1,0 
0,5 

991,4 
1371.2 
162?„6 
j940,3 
?17h,1 
2410.0 
2643,1 

qC2.2 
904,0 
904,5 
9014,9 
905,? 
905,5 
90,9 

• 
PERCENT CHANCE IN ANY YEAR OF GETTING A FLUCD GREATER THAN THAT INDICATED IN THE TABLE, 



V. Summary and Conclusions  

The flows and stages for the mean annual and 100-year flood peaks 

for the seven principal runs of Warren Creek are shown in Table 2-33. 

The culverts on Pineland and Aztec were found to be ponding sufficient 

water behind them to have a significant effect in reducing downstream 

flooding. Locations above 1-285 and behind Sequoyah High School are the 

most promising sites for additional storage. Damage to homes on Santa 

Fe Drive can be reduced by storage upstream from the 1-285 embankment, 

by a levee behind the homes, or by flood proofing. 

Curves were developed for general use in DeKalb County for estimating 

the separate effects of added impervious area and channelization on 

downstream flood peaks. Information showing how critical storms vary 

with watershed characteristics is also provided. 

r, 



Table 2-33 

Summary of Warren Creek Simulation Results 

Run 

Reach 24 

Mean Q 	** 
Mean Stage 
100-yr Q 
100-yr Stage 

Reach 40 

Mean Q 
Mean Stage 
100-yr Q 
100-yr Stage 

Reach 42 

Mean Q 
Mean Stage 
100-yr Q 
100-yr Stage 

Reach 44 

Mean Q 
Mean Stage 
100-yr Q 
100-yr Stage 

Reach 46 

Mean Q 
Mean Stage 
100-yr Q 
100-yr Stage 

1 

59 
934.3 
155 
936.1 

287 
924.7 
761 
925.6 

40 
923.6 
117 
923.7 

178 
927.7 
484 
931.6 

295 
932.8 
771 
934.7 

2 

59 
934.3 
155 
936.1 

284 
924.7 
776 
925.7 

40 
923.0 
117 
923.7 

170 
927.7 
431 
930.6 

294 
932.8 
767 
934.7 

3 
* 

4 
* 

9 

59 
934.3 
155 
936.1 

284 
924.7 
776 
925.7 

40 
923.0 
117 
923.7 

170 
927.7 
431 
930.6 

294 
932.8 
767 
934.7 

10 

59 
934.3 
155 
936.1 

316 
924.7 
858 
925.8 

54 
923.3 
139 
923.8 

209 
928.1 
496 
931.2 

294 
932.8 
767 
934.7 

11 

59 
934.3 
155 
936.1 

316 
924.7 
858 
925.8 

54 
923.3 
139 
923.8 

209 
928.1 
496 
931.2 

294 
932.8 
767 
934.7 

* 
Runs 3 and 4 only pertain to Reaches 50,57, and 58 as the other reaches 
are on Tributaries unaffected by the development and channelization re-
spectively. 

* * 
All stages are in feet above mean sea level as read from the topographic maps. 
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Reach 50 

Mean Q 
Mean Stage 

463 
916.6 

457 
916.6 

490 	505 	314 
916.7 912.7 916.0 

511 
916.8 

348 
916.2 

100-yr Q 1200 1170 1231 	1296 	758 1273 821 
100-yr Stage 918.7 918.7 918.8 913.6 917.6 918.8 917.8 

Reach 51 

Mean Q 210 207 145 256 168 
Mean Stage 917.8 917.8 916.2 918.2 916.8 
100-yr Q 593 559 319 645 345 
100-yr Stage 919.5 919.4 918.5 919.7 918.6 

Reach 52 

Mean Q 76 72 72 75 75 
Mean Stage 915.2 915.1 915.1 915.2 915.2 
100-yr Q 206 199 199 210 210 
100-yr Stage 917.4 917.3 917.3 917.4 917.4 

Reach 53 

Mean Q 322 315 315 361 361 
Mean Stage 917.6 917.6 917.6 918.1 918.1 
100-yr Q 1640 1407 1234 1548 1339 
100-yr Stage 914.6 913.8 913.8 914.3 913.5 

Reach 57 

Mean Q 514 512 543 	548 	388 581 438 
Mean Stage 912.0 912.0 912.1 912.1 911.4 912.3 911.7 
100-yr Q 1379 1363 1422 	1472 	959 1496 1069 
100-yr Stage 915.3 915.3 915.5 915.6 913.8 915.6 914.2 

Reach 58 

Mean Q 1145 1042 1071 	1068 	872 1198 991 
Mean Stage 903.0 902.4 902.6 902.6 901.6 903.2 902.2 
100-yr Q 3169 2748 2792 	2830 	2203 3005 2410 
100-yr Stage 906.5 906.0 906.0 906.1 905.3 906.3 905.5 
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SECTION 3 

Wild Creek 

I. Physical Attributes of Watersheds 

a. Location  

Approximately 1000 feet below the limit of this study, 

Wild Creek flows into the North Fork of Peachtree Creek. The 

portion of Wild Creek Watershed included in this study is the 

area upstream from the private driveway to Lanier Electronics 

off Chantilly Road. The stream flows generally to the north 

west for most of its length, and the study watershed lies 

entirely within DeKalb County. 

b. Size  

The watershed studied has a total area of 240 acres. 

Numerous streets and private driveways cross the creek with-

in the study limits. Selected crossings, drainage areas, 

and culvert sizes are shown in Table 3-1. 

c. General Drainage Patterns  

The upper reaches of Wild Creek and its tributaries are 

steep, with slopes in the order of 0.05 feet/foot. Flow to 

these reaches in many cases travels over even steeper slopes. 

In contrast, channels in the lower portion of the Watershed 

have slopes as flat as .0039 feet/foot. 

d. Other Studies  

The U. S. Army Corps of Engineers completed a Flood 

Plan Information Report on North Fork Peachtree Creek in 

October, 1964. Although this report does not cover the 

Wild Creek Basin, it shows the flood elevations of North 
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Table 3-1. Drainage Areas at Selected Road Crossings 

Drainage 
Crossing 
	

Area (acres) 
	

Culvert Size  

Private driveway off 
Chantilly Drive 
	

240.5 
	

3,5'x4' Concrete 
elliptical pipes 

Citadel Drive 
	

143.0 
	

1,3.2'x7.5' Concrete 
arch pipe 

Beach Haven Road 
	

25.9 
	

1,3'x3' Concrete 
circular pipe 

Private Driveway 
	

32.5 
	

1,3'x2' Concrete 
1178 Wild Creek Trail 
	

elliptical pipe 

Wild Creek Trail at 
	

50.5 
	

1,3.3'x6' Concrete 
Brook Forest Drive 	 arch pipe with 

retention 

en 



Fork Peachtree Creek at the intersection of Wild Creek to 

be 817 feet above mean sea level for a 25-year flood and 

818 feet for a 50-year flood. According to the topographic 

maps obtained from DeKalb County, floods of these magnitudes 

would cause flooding in the lower reaches of the Wild Creek 

watershed defined for this study. The Flood Plain Map in 

the Corps' report, however, does not show the flood plain 

of North Fork Peachtree Creek to include any part of the 

Wild Creek basin. A field check indicated a sizeable 

elevation drop between the lowest study reaches of Wild 

Creek and North Fork Peachtree Creek. It was concluded that 

a difference in datum exists between the maps used in the 

Corps' study and those used for this study. As additional 

evidence against backwater flooding in the Wild Creek basin, 

the flood crest reached during the March, 1975, flood was 

at the curb inlet on Chantilly Road. Therefore, backwater 

from North Fork Peachtree Creek was not included in this 

study. 

The DeKalb County drainage engineer made a special 

report on drainage along Brook Valley Lane on December 

27, 1968. His report suggests increasing culvert sizes at 

various points in the lower reaches of the Watershed from 

calculations based on the use of Talbot's formula. Addi-

tional culverts were suggested in order to raise "c" to 

0.8. Additionally, the report stressed the importance of 

adequate channels on private property. 

e. Current Land Use  

Most of the Wild Creek Watershed is developed. The 
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vast majority of this development is single family resi-

dential. Commercial and multi-family residential develop-

ment has taken place near the intersection of Briarcliff 

and LaVista Roads. A portion of this area is in the study 

watershed. Sheridan Road traverses the lower reaches of the 

watershed. LaVista Road borders the watershed on the south. 

On the east, Briarcliff Road touches the watershed. 

f. Projected Land Use  

The projection is for little increase in the intensity 

of development in the Wild Creek Basin. Interviews with 

local residents indicate the possibility of an apartment 

house complex on Sheridan Road. Widening of LaVista Road 

would bring commercial development if the adjacent land is 

rezoned. 

II. Map of the Watershed  

Figure 3-1 is a map of the Wild Creek Watershed show- 

ing the division of the basin into subwatersheds and channel 

reaches. Figure 3-2 is a schematic diagram of the subarea, 

channel, and storage segments used to model the Wild Creek Basin. 

It shows the general drainage pattern in the basin. Each sub-

area is represented by a circle showing its area in acres and 

impervious fraction. Channel reaches are symbolized by 

squares. Length in feet is given along with channel number. 

Storage areas are symbolized by triangles containing the segment 

number and location of each site. It should be noted that each 

storage shown on the schematic may not be included in every 

simulation run. 
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III. Drainage Problems  

At the present time, there are two major problem areas in 

the Wild Creek watershed. The major problem is along Brook 

Valley Lane. Residents in this area have long complained of 

recurring back yard flooding that has at times damaged basements 

and the ground levels of homes along the creek. 

An additional problem exists along Wild Creek Trail where 

front yard flooding is the major problem. Residents stated that 

in very large storms their driveways were overtopped by flood-

waters. 

In order to evaluate these problems, flows were simulated 

for existing land use on the watershed as well as for two past 

and two future situations. The five runs were as follows: 

Run Number 	Watershed Condition  

1 	Natural conditions - no development 

2 	Existing development but without the existing 

detention structure at the intersection of 

Wild Creek Trail and Brook Forest Drive 

3 	Existing development with the detention struc- 

ture at Wild Creek Trail and Brook Forest Drive 

4 

	

	Run 3 with the addition of a dam above Brook 

Forest Drive 

5 	Run 3 with a smaller culvert at Beach Haven 

Road 

IV. Description of Simulation Runs  

1. Input specifications  

Figure 3-2 shows segment type and links the 37 segments 

of the Wild Creek watershed. It should be noted that each 
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of the numbered segments is not included in all runs. If 

a segment is not included, the water is directed to the 

next downstream segment. 

Table 3-2 lists the subareas used in the analysis of 

the Wild Creek Watershed, and Table 3-3 lists the channels. 

Channel reach 28 includes the problem area along Wild Creek 

Trail, and channel 35 includes the problems along Brook Valley 

Lane. Storage segment descriptions are found in Table 3-4. 

Figures 3-3 and 3-4 are the rating curves show the effects 

of the small natural channels in these reaches. The water 

surface elevation rises quickly until the flow begins to 

spill out onto the flood plain. After this point, the flow 

increases with little elevation change. 

2. Simulation Runs  

Run #1. This simulation was based on natural conditions of no 

impervious area, natural channels, and no storage segments in 

the watershed. The results in Tables 3- 5 and 3-.6 show peak 

flows and frequencies for the two major problem areas, channel 

segments 28 and 35. For segment 28 (channel parallel to Wild 

Creek Trail) the mean annual peak flow was 102.2 cfs, and the 

standard deviation of the series of annual flood peaks was 

71.8. This leads to estimates for a 2-year flood of 90 cfs 

(elevation 1.8 feet) and a 100-year flood of 328 cfs (elevation 

3.7 feet). For Reach 35 (channel adjacent to Brook Valley 

Lane) the mean annual peak flow was 198 cfs with a standard 

deviation of 138 cfs. The corresponding 2-year flood was 

175 cfs (elevation 6.3 feet) and the 100-year flood was 

630 cfs (elevation 8.0 feet). 
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Table 3 -
2. Specifications for Area Segments for Wild Creek 

SPECIFICATIONS FUR SOURCE AREAS 

FRACTION OF AREA WITH EACH SOIL TYPE 
STORAGE 

NUMBER ARFA-ACPE 
	

RAPID 	MODERATE 	SLO• IMPEOVIOUS 	CONSTANT 	LENGTH-FT 	SLOPE 	ROUGHNESS 

	

1 	38.300 	 .000 	 .780 	.000 	 .220 

	

2 	7.500 	.000 	 .250 	 .n0el 	 .750 

	

3 	25.000 	.000 	.880 	.000 	.120 

	

5 	P.900 	 .000 	 .R00 	 .000 	 .200 

	

b 	17.000 	.000 	.800 	.000 	 .200 
--..§ 
ui 	 7 	14.700 	.000 	 .800 	 .non 	 .200 

	

8 	12.200 	 .000 	 .850 	.00 0 	.150 

	

9 	14.400 	.000 	 .800 	 .00 0 	.200 

	

11 	14.300 	.000 	.750 	0100 	.250 

	

13 	26.500 	.000 	 .800 	 .00n 	.200 

	

14 	26.500 	 .noo 	 .ann 	 .non 	 .200 

	

15 	2/.400 	 .000 	 .750 	.00n 	.250 

	

17 	7.800 	 .noo 	 .920 	 onn 	 .080 

	

11. 	.0000 	.0000 	 .U000 

	

3. 	.0000 	.0000 
	

.U000 

	

10. 	.H000 	.0000 
	

.0000 
5. .0000 	.0000 
	

.0000 

	

7. 	.0000 	.0000 
	 .0000 

	

7. 	.0000 
	

.0000 	 .0000 

	

7, 	01000 	.0000 
	

.0000 

	

a. 	 .0000 
	

.0000 
	

.u000 
6. .0000 
	

.0000 	.0000 

	

9. 	.000 
	

.0000 
	

.0000 

	

9. 	.0000 
	

.0000 	.U000 

	

8. 	.6000 
	

.0000 
	

.U000 

	

6. 	.0000 
	

.0000 
	

.u000 



Table 3-3. Specifications for Channel Segments for Wild Creek 

SPECIFICATIONS FOR CHANNEL CEGMErITS 

CHANNEL FLOOD PLAIN AVERAGE 
TRAVEL 

NUMBFR TYPO LENGTH-FT SLOPE ROIIGHNe'SS APARM MPARM APARM MPARM TIME(SEC) 

IR 4 600.00 .02850 .050 1.469 1.500 10.497 .922 74.5 
20 4 900.00 .06110 .050 2.379 1.500 5.398 1.168 110.1 
22 4 700.00 .01430 .050 1.151 1.500 2.611 1.168 177.0 
24 4 700.00 .08070 .050 2.204 1.500 9.451 1.117 47.4 27 3 200.00 .05000 .02c 91.622 1.000 
28 4 1200.00 .01670 .050 1.125 1.500 8.035 .922 194.8 

--.1 29 4 900.00 .05000 .05n 2.152 1.500 4.883 1.168 121.7 0,  31 4 300.00 .05000 .050 1.805 1.500 10.831 .988 28.9 
33 4 400.00 .00390 .050 .504 1.500 3.025 .988 138.1 35 4 900.00 .00390 .05n .504 1.500 3.025 .988 310.7 37 4 50.00 .00390 .050 .504 . 	1.500 3.025 .988 17.3 

OEFINITInN OF NUMERIC CHANNFL TYPES 

I RErTANGULAR 
TRIANGULAK 

3 CInCHLAP 
0 /RnEGULAR WITH NO FLOOD PLAIN 
4 IRnEGULAR WITH FLOOD PLAIN 



Table 3-4. Specifications for Storage Segments for Wild Creek 

SPECTFTCATIuNS FOR STORAGE SEGMENT 19 (All runs but #1) 

STORAGE 
(ACRE-FEET) 

DiSCHARGE 
(CFS) 

ELEVATION 
(FLET-'15L) 

HEW) 	SIIREAcr AREA 
(FEET) 	(ACRES) 

.00n .000 828.'100 .00 0  .000 

.037 16.375 829. non 1.000 .074 
s icr? 32.750 830.nn0 2.000 .2c)4 
.991 49.125 811.000 .443 

1.037 56.725 832.000 4.000 .574 
1. 75n 66.592 833.000 5.000 .792 
2.A1n 79.200 834.000 6,00 0  1.004 
3. 775 184.027 835.000 7.00n 1. 2 4 0 
4.c1 31 288.854 .000 .000 .00n 

SPECTFICATIuNS FOR STORAGE SEGMENT 21 	(Run #4 and 5) 

STORAGE DISCHARGE ELEVATION HEAD 	SI)REACE AREA 
(ACRE-FEET) (CFS) (FEET-' 4SL) (FEET) 	( ACRES) 

.000 .000 853.000 .nnn ,000 

.n10 5.789 854.000 1.00n .020 

.053 10.028 855.000 2.000 .0pri 

.176 14.001 b96.000 3.000 .157 

. 1 79 16.923 857.000 4.000 .257 

.r)9$1  19.766 858.000 5.00n .382 
1. 1 47 22.579 859.000 6.0on .530 
1.'71 84.638 860.000 7.00" .717 
2.91 946.312 861.00n 8.00n . 9 32 

SPECTFICATIvNS FOR STORAGE SEGMENT 23 (All runs but #1) 

STORAGE 
(ACRE-FEET) 

OkSCHARGE 
(CFS) 

ELEVATION 
(FEET-'!SL) 

HEAD 
(FEET) 

SUrrAcF AREA 
(ACRES) 

. non .000 845.000 .00 0  ,000 
s not; 13.370 646.000 1.000 .009 
.019 26.740 847.000 2.00 0  .021 
,not' 32.750 848.000 3.00n .037 
,n94 43.111 849.00n 4.000 .057 
.164 49.891 850.000 5.000 .0P3 
.262 152.985 891.000 6.000 .113 
.404 335.920 852.000 7.00 0  .186 
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Table 3-4. (cont'd) 

SPECTFICATIoNS FOR STORAGE ScGVENT 25 (Run #2) 

STORAGE 
(ACHE-FErT) 

DISCHARGE 
(CFS) 

ELEVATION 
(FEET-VSL) 

Hr4D 
(FEET) 

SUPrACE AnEA 
(ACRES) 

.n00 .000 836.000 .00n .000 

. 0 07 32.750 837.000 1.000 .006 

.n17 65.500 838.000 2.00 0  .028 

.n5° 98.251 839.000 3 .00 0  .050 

.11 0  113.450 840.000 4,00n .077 

.21 133.163 841.000 5.000 .107 

.734 158.400 842.000 6.000 .141 

.812 175.094 843.000 7 .00 0  .222 

. 791 . 	191.462 844.000 8.000 .342 
1.187 207.614 845.000 9.00n .434 
1.(,68 223.628 846.000 10.000 .50 
2.281 239.559 847.000 11.000 .650 
2.968 345.452 848.000 12.000 .75n 

SPECTFTCATIUNS FOR STORAGE SEGMENT 25 (Runs #3, 4, and 5) 

	

STORAGE 
	

DISCHARGE 
	

ELEVATTON 
	

HEAD S ►Re'ArE AREA 

	

(ACRE-FEmT) 
	

(CFS) 
	

(FEET-SL) 
	

(FEET) 	fACRFS) 
IMO 

.000 .000 836.000 .00 0  .000 

.n01 5.800 837.000 1.000 .006 

.n17 10.000 838.n00 2 .00n .028 

.05c1 '14.000 839.000 3,00n .050 

.119 16.900 840.000 4,0on .077 

.214 19.800 841.000 5.000 .107 

.334 22.600 842.000 6.000 .141 

.512 24.600 843.000 7.000 .222 

.79t 10 4 .100 844.000 8.000 .342 
1.187 207.600 845.000 9.00n .434 
1.66A 223.600 846.000 10.000 .550 
2.'81 239.600 847.000 1 1 .000 .650 
2.968 345.500 848.n00 12.00 0  .750 
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Table 3-4. (cont i d) 

SPECTFICATIOIS FOR STORAGE Sr-- (7)YLNT 3t (Run #2, 3, and 

4) 

STOR'GF 
(ACRF-FEET) 

DISCHARGE 
(CFS) 

ELEVATION 
(FEET-SL) 

HFAn 
(FFLT) 

SUrrAr.F APEA 
(ACPFS) 

11•11 

,non .000 833.n00 .00n , n oo 
.007 16.375 834. n00 1.00 0  .014 
.03 ,  32.750 835.nno 2.00n .041 
.094 4 9 .125 836.0110 3 .00 0  .083 
.199  56.725 837.200 4.00 1  ,126 
.e4 0  66.592 838.000 9 .00n .179 
.C62 7'1 .200 839.nno 6.00n .249 
•P52 87.547 840.nnn 7.00? ,331 

95.731 841.0N1 P.000 .434 
1.724 211.287 842.nOn 9.nnn .551 

Run #5) 
......... 

S T C,R A G E. 

( ACRE-FE E T) 

.00e 

(E.:RS) 

7.Es44 

HE'1D 
(F, 	) 	(FEET) 

.ono 

sUrs FACr 	A7 TA 
(ACfl-I:c0 

.00 0  
.0( 7  11.772 1.ono .C1 4  

1:).476 ono ul 
. 0 (44 fl.1 
•1(L, 9 -Y1..17 11  .)2 (1  
..549 2.A.c47, 1 13.ono .1 7°  
.562 6.000 .4 1  
.652 7.ono 

1.232 ) ?.431 .143 4  
1.724 1 27.7" ()ono .5" 
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Table 3-4. (cont Id) 

SPEcTFTCATIuNS FOR STORAGE SFGMLNT 32 

STORAGr 
(ACME-FEET) 

DISCHARGE 
(CFS) 

ELEVATION 
(FEET-SL) 

(All runs but 
#1) 

.HEAD 	SUPFACr AREA 
(FEET) 	(ACRES) 

/ND 

.non .000 816.100 .000 .000 

.006 55.599 817.000 1.00 0  .012 

.n25 111.197 818.no0 2.011 .020 

.n66 166.79b 819.000 3.000 .057 

.141 192.599 820.000 4.000 .092 

.'77 226.099 821.000 5.000 .207 

.555 268.909 822.000 6.000 .321 

.°211 297.249 823.000 7.0on ,436 
1. 11 27 325.036 824.000 P.00 0  .551 
2.020 352.456 '815.100 9,000 .6A9 
2.017 443.962 826.n00 10.000 ,S61 
3.A04 535.468 .000 .00 0  ,non 

SPECTFICATIVIS FOR STORAGE SEGMENT 36 (All runs but #1) 

STORAGE 
(ACRE-FErT) 

4=11 

DISCHARGE 
(CFS) 

ELEVATION 
(rEET- , ISL) 

HEAD 
(FEET) 

SUREACE AREA 
(ACRES) 

OP 

. 0 00 .000 810.000 .000 .n00 

.n11 56.725 811.000 1.000 .022 

.148 113.450 812.000 2.000 .055 

.127 170.175 813.000 3 .00n .105 

.172 226.900 814.000 4 .00 0  .198 

.521 253.682 615.000 	• 5.011 .285 

.847' 277.895 816.000 6.00n .386 
1.102 322.673 817.000 7 .00 0  .514 
1.°55 . 365.809 818.000 8.000 .882 
3.1190 394.806 619.n00 c1 .00 0  1.322 
4.625 423.338 • 	820.000 10.00n 1.037 
6./4 07 451.526 821.00 11,00n 2.479 
9.615 479.463 822.000 12.000 3.214 
13.183 668.022 823.000 13.00 0  3.700 
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Table 3-5. Run 1 Annual Peak Flows and Frequency Analysis (Segment 28) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 28 FOR WILD CREEK ■ NATURAL 

WATER YEAR 	PEAK FLOW(CFS) 
	

YEAR MONTH DAY 

1918 	 11.7 	1918 APR. 	7 
1919 	 88.3 	1919 MAY 	6 
1920 	 233.8 	1920 MAR. 12 
1921 	 234.3 	1921 AUG. 24 
1922 	 96.9 	1922 MAR. 10 
1923 	 61.8 	1923 MAR. 12 
1924 	 58.3 	1924 MAY 	27 
1925 	 46.4 	1925 JAN. 17 
1926 	 219.9 	1926 AUG. 11 
1927 	 65.3 	1927 FEB. 23 
1928 	 268.7 	1928 JULY 10 
1929 	 106.0 	1929 MAR. 14 
1930 	 34.8 	1930 JAN. 28 
1931 	 15.7 	1930 NOV. 16 
1932 	 91.9 	1932 JUNE 18 
1933 	 73.5 	1933 JUNE 10 
1934 	 .62.6 	1934 JULY 19 
1935 	 19.3 	1935 MAR. 	5 
1936 	 111.6 	1936 FEB. 	3 
1937 	 114.5 	1937 JUNE 17 
1938 	 156.5 	1938 JUNE 25 
1939 	 73.9 	1939 JUNE 22 
1940 	 142.0 	1940 SEPT 10 
1941 	 42.5 	1941 AUG. 13 
1942 	 125.2 	1942 MAR. 20 

MEAN = 	102.2 	STANDARD DEVIATION = 	71.8 

FLOOD FREQUENCY FOR FLOWPOINT 28 FOR WILD CREEK 	NATURAL 

RETURN PERIOD 	PROBABILITY 	FLOW IN CFS 	W 5 ELEV IN FT 

2-YEAR 
5-YEAR 

10 -YEAR 
25-YEAR 
50-YEAR 

100-YEAR 
200-YEAR 

50.n 
20.n 
10.0 
4.0 
2.0 
1.0 
0.5 

90.4 
153.9 
195.9 
249.0 
288.4 
327.5 
366.5 

1.8 
2.4 
2.8 
3.2 
3.4 
3.7 
3.8 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 
■ •■■ 	 ■■■■■■■ 
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Table 3-6. Run 1 Annual Peak Flows and Frequency Analysis (Segment 35) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 35 FOR WILD CREEK - NATURAL 

MATER YEAR 	PEAK FLOW(CFS) 	YEAR MONTH DAY 

1918 	 22.9 	1918 APR. 	7 
1919 	 175.2 	1919 MAY 	6 
1920 	 443.2 	1920 MAR. 12 
1921 	 434.7 	1921 AUG. 24 
1922 	 192.5 	1922 MAR. 10 
1923 	 119.8 	1923 MAR. 12 
1924 	 112.8 	1924 MAY 	27 
1925 	 94.8 	1925 JAN. 17 
1926 	 431.7 	1926 AUG. 11 
1927 	 129.5 	1927 FEB. 23 
1928 	 536.0 	1928 JULY 10 
1929 	 207.1 	1929 MAR. 14 
1930 	 66.6 	1930 JAN. 28 
1931 	 29.5 	1930 NOV. 16 
1932 	 184.5 	1932 JUNE 18 
1933 	 141.6 	1933 JUNE 10 
1934 	 118.6 	1934 JULY 19 
1935 	 39.5 	1935 MAR. 	5 
1936 	 214.1 	1936 FEB. 	3 
1937 	 218.5 	1937 JUNE 17 
1938 	 283.7 	1938 JUNE 25 
1939 	 149.0 	1939 JUNE 22 
1940 	 262.2 	1940 SEPT 1 0 
1941 	 81.3 	1941 AUG. 13 
1942 	 249.5 	1942 MAR. 20 

MEAN .1 	197.5 	STANDARD DEVIATION = 	137.9 

FLOOD FREQUENCY FOR FLOWPoINT 35 FOR WILD CREEK - NATURAL 

• 
RETURN PERIOD PROBABILITY FLOW IN CFS 	M 5 ELEV IN FT 

         

2-YEAR 
5-YEAR 
10-YEAR 
25-YEAR 
50-YEAR 

100-YEAR 
200-YEAR 

	

50.0 	 174.9 	 6.3 

	

20.0 	 296.7 	 7.0 

	

10.0 	 377.4 	 7.3 

	

4.0 	 479.3 	 7.6 

	

2.0 	 555.0 	 7.8 

	

1.0 	 630.0 	 .0 

	

0.5 	 704.8 	 .0 

• 
PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 

• 
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Run #2. This simulation was based on the conditions which 

existed in the watershed before the recent construction of 

the detention structure near the intersection of Wild Creek 

Trail and Brook Forest Dr. Instead of this structure, a 

3' by 6' elliptical culvert was used at storage segment 25 

because of information that this was the original structure 

at this point. The results of this run are shown in Tables 

3-,7 and 3- 8. For reach 28 the mean annual peak flow was 

138.6 cfs with a standard deviation of 78.5. This mean 

leads to a 2-year flood of 126 cfs (elevation 2.2 feet) and 

a 100-year flood Of 385 cfs (elevation 3.9 feet). The mean 

annual peak flow in Reach 35 was 229.6 cfs with a standard 

deviation of 121.2. From this mean a 2-year flood of 210 ,  cfs 

(elevation 6.6 feet) and a 100-year flood of 610 cfs (elevation 

7.9 feet) were determined. 

Run #3. This simulation was based on the current watershed 

conditions including the detention structure. Tables 3- 9 

and 3-10 show peak flows and frequencies from this run. In 

reach 28 the mean annual peak flow was 131.4 cfs with a 

standard deviation of 81.2 cfs. The resulting 2-year flow 

is 118 cfs (elevation 2.1 feet), and the resulting 100-year 

flow is 386 cfs (elevation 3.9 feet). Downstream in Reach 35, 

the mean annual peak flow was 222.1 cfs with a standard devia-

tion of 120.9. The 2-year flood is 202 cfs (elevation 6.5 

feet), and the 100-year flood is 601 cfs (elevation 7.9 

feet). 
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Table 3-7. Run 2 Annual Peak Flows and Frequency Analysis (Segment 28) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 

WATER MAP 	PEAK FLOW(CFS1 
•■••• 	  

28 FOR WILD CREEK - NO STORAGE EXCEPT EXISTING CULVERTS 

YEAR MONTH DAY 
----- 

1°18 29.9 1918 	APR. 	7 
1919 121.5 1919 	MAY 	6 
1920 264.2 1920 	MAP. 	12 
1°21 281.4 1921 	AUG. 	94 
1n22 109.5 1922 	MAP. 	10 
1 923 81.2 1923 	MAR. 	12 
1124 99.9 1924 	MAY 	77 
1925 70.0 1924 	DEC. 	8 
1 126 265.6 1926 	AUG. 	11 
1 927 76.3 1927 	FF1 . 	93 
1928 299.1 192A 	JULY 	10 
1029 120.1 1929 	MAP. 	14 
1 930 49.1 1930 	JAN. 	20 
1931 55.7 1931 	JULY 	20 
1°32 122.8 1932 	JUNE 	18 
1933 166.1 1933 	JUNE 	10 
1 934 139.0 1934 	JULY 	19 
1 9 35 31.3 1935 	MAR. 	5 
1036 127.5 1936 	SEPT 	99 
1937 150.4 1937 	JUNE 	17 
1 9 38 237.4 1938 	JUNE 	95 
1939 101.5 1939 	JUNE 	92 
1 940 216.1 1940 	SEPT 	10 
1941 110.5 1941 	AUG. 	13 
1 942 134.7 1942 	MAP. 	PO 

MEAN 138.6 STANDARD DEVIATION = 78.4 

1=L00j FRE9UFNCY FOR FLOWPOINT 28 FOR WILD CREEK - N 9  STGRAGE EXCEPT EXISTING CULVERTS 

RETU9N PERIOD PROBABILITY FLOW IN CFS W S ELEV IN FT 

2-YEAR 50.0 125.7 2.2 
5-YEAR 20.0 1 95.0 2.8 

1 0-YEAR 10.0 240.9 3.1 
95-YEAR 4.0 298.9 3.5 
50-YEAR 2.0 341.9 3.7 
100-YEAR 1.0 384.6 3.9 
2 9 0-YEAR 0.5 427.2 4.1 

• 
PERrEmT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 
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Table 3-8. Run 2 Annual Peak Flows and Frequency Analysis (Segment 35)  

ANNUAL PEAK FLOAS FOR SEGMENT NO. 
• 	  

WATEP YEAR 	PEAK FLOWLCFS) 
----- 

35 FOR WILD CREEK - NO STORAGE EXCEPT EXISTING CULVERTS 

YEAR MONTH D'Y 
----- 

1°18 55.8 1918 	APP. 	7 
1 0 19 1 04.7 1919 	MAY 	6 
1 020 410.1 1920 	AUG. 	15 
1 021 411.9 1921 	AUG. 	24 
1 022 1 07.1 1922 	MAR. 	10 
Icre3 130.7 1923 	MAR. 	12 
1 0 24 155.3 1924 	MAY 	77 
1 025 134.9 1924 	DEC. 	8 
1826 430.9 1926 	All 	11 
1 027 134.8 1927 	Frn. 	23 
1 028 480.9 1928 	JULY 	10 
1°29 213.5 1929 	MAP. 	14 
1°40 86.3 1930 	JAN. 	78 
1 0 31 °6.7 1931 	JULY 	28 
1 0 .52 226.0 1932 	JUNE 	18 
1 0 33 260.8 1933 	JUNE 	10 
1o34 211.8 1934 	JULY 	19  
1 035 5 0 .9 1935 	MAP. 	5 
1 03b 216.4 1936 	FFR. 	3 
1°37 251.1 1937 	JUNE 	17 
1°38 361.8 1938 	JUNE 	25 
1 039 182.2 1939 	JUNE 	22 
1 040 342.0 1940 	SFPT 	10 
1°41 1 00.0 1941 	AUG. 	1 1 
1 042 244.0 1942 	MAP. 	20 

MEAN = 228.6 STANDARD DEVTATTON = 121.2 

FLOOD FREnUFNCY o, OR FLOWPOINT 35 FOR WILD CREEK - N 0  STORAGE EXCEPT EXISTING CULVERTS 

RETUPN PEPIUD 	PROBABILITY 	FLOW IN CFS 	W S ELEV IN FT 

2-YEAR 50.0 209.7 6.6 
5-YEAR 20.0 316.8 7.1 
10-YEAR 10.0 307.7 7.4 
25-YEAR 4.0 477.3 7.6 
SO-YEAR 2.0 54,5.8 7.8 

1 8 0-YEAR 1.0 609.7 7.9 
2 0 0-YEAR 0.5 675.5 8.1 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 
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Table 3-9. Run 3 Annual Peak Flows and Frequency Analysis (Segment 28) 

.. 1 1r! ,, AL PF 4 K 	Fn , t 1,FC,"F”T r10. ;1 1 107 WM,/ c'EFK - STG"A"L UEYICg AT 25 

YLAP 

1 0 16 
1"19 
1'..A1 
1'21 
1"22 
1 , 23 
1'1 24 
1'25 
1 0 26 
1 ,1 27 
1'26 
1'29 
1n311 

1'11 
1'32 
1.37, 
1 0 34 
1,135 
1"3u 
1 0 37 
1 ,1 39 
1"3" 
1r4o 
1"41 
1"42 

FPF ,"11PCY 

PEAK 	FL 1 I, ArFS/ 

^ ,".6 
On .1 

2b".1 
77'.7 
1o1.1 

,7. ,) 
76.4 
E".4 

26';.1 
4,,k.1 
20,.0 

47. ,1 

31.3 
11r. 1 

 1',1 .4 
11.9 
An.7 

11(-.4 
14'.? 
74^." 
of '1 

217.7 
1" 1 .1 
1.7 

'113'1 	131.4 

r 04 FLuWPoPrr 23 F'" 

YEA" AONTH rAY 
----- 

1911 	APP. 	7 

191" 	MAY 	6 
1971 	m1 0 . 	1 2 
1921 	Al!". 	'4 
1922 	MA'. 	1 0 
1923 	MA". 	1 2 
1974 	,,AY 	7,7 

1974 	'''. 	8 
1926 	AN". 	1 1 
1927 	Fr". 	'3 
1921 	„WIN' 	1 0 
192g 	MA". • 	1 4 
1930 	_WI. 	'8 
1931 	Jlo y 	'8 
1917 	J'"L 	1 8 
191 1 	JII" 	1 0 
1914 	OqY 	1 9 
1939 	PIA". 	5 
191E, 	FF'. 	3 
1937 	JU"c: 	1 7 
1 9 3(1 	j11.1E 	,5  

191 9 	J""1: 	"2 
1 , )41 	;r- "T 	io 
1941 	Apr. 	13 
1942 	MA". 	'0 

STA 1 1'..2" 	D1- 1/TATT" , ! 

"PEEK - STORAGE 

= 	61.2 

""VICE AT 25 

IFTU'N PFP1,1 PkOL,1 1 T1 ITY FLnd T" C P S W 	S 	"Ir ■J 	IN 11 

2-Y: Al 5 (1 .8 116.1 2.1 
5-YEA,t 7'1 .4 1P9.° 2.7 

1 C-YEAR 10.0 237.4 3.1 
"S-YEAR 2 0 7.4 3.5 
"0-YEJR 2.0 142.0 3.7 

1 ,1 4-YEPR 1.0 3.9 
7 ,1 0-YEAR 0.5 430.2 4.1 

P"P'F'T 	CAA'IC" TN ON YEiR OF uFTTIMF 	IlOon GPFATFP THAN IHAr 	1NIACATLa 	IN T,4E TAJLF. 
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Table 3-10. Run 3 Annual Peak Flows and Frequency Analysis (Segment 35) 

..NNUAL RE , K 	FOk SE6'0FT 'JO. 35 FOR W7Lo CPEry - SToRArL uEVICF AT 25 

WATT' YEAr 	PEAK rl.o•(CFS) YEAR MONTH nlY 

1010 '',,,' 191P Arr, . 7 
1 0 19 17^.? 1910 !JAY 6 
1'1 20 404.3 1920 AI"'. 15 
1"21 4 5! 7 .1 1921 Al". '4 
1 0 22 1rl.4 192? V.,0 , 9 0 
1 023 11n.0 1921 mrr. 12 
1 0 24 1/1!:.2 1924 VAY 17 
I fl e.5 177.2 1924 DFr. 8 
1".26 1114.7 1926 ANr. 11 
1'27 1?2.3 1 , 427 FF'. "3 
1 0 2 49q.5 197! 9  J" ,  Y 10 
1°_:? 
lain 

2 1 ', .F, 
 S, .3 

192 
1930 

P". 
JP".• 

14 
"LI 

InJ1 q1.1 1931 J'',1 	Y '8 
1°,52 ?1'.. n  1937 JWL 1R 
1^:i3 „!.-,0.1 193',  J""L 10 
1 0 .34 1'5.5 1914 JU' Y 1 9 
1"..A5 5".'4  1030 '.'A'. 5 
1 0 3o 20(.1 193r, Fr". 3 
1 0 37 24 ,1.7 1937 JUNE 1 7 
1.'",:P5 .3'1.2 IQ1P JWT ^ 5 
1'39 I 1,1., 1939 JI , "E ^2 
1^0 =S -',7.5 1940 S7 0 T 1 0 
1041 19;..1 19 1, 1 4WV'. 13 
1 0 42 i147.1 1:142 MA". '0 

"TAN = 	 sTAHnARn DrV'ATInN = 	120.9 

eLOC.J F7F ^&i ,ICY rOR FLOWPor'T 	pnr WILD CREEK - cToRm:E rrvILE HT 25 

■ 

P E TH'N PEPIJ n 

  

FLoW TN CPC 	W r,  FLPV iN FT 

       

	

5 11 .0 
	

202.2 	 0.5 

	

5-YFPR 
	

20.0 
	

10Y.1 
	

7.D 

	

1 0-YEPli 
	

10.0 	 37).A 
	

7.3 

	

25-YEAR 
	

11 .0 
	 469.2 
	

7.0 
531.5 
	

7.0 

	

1 0 0-YEAR 
	

1.(1 	 601.3 
	

7.9 

	

2'1 0-YEAR 
	

0.5 
	

666.S 

perENT C,1„' 1CF IN ANY YEAR OF t.,ETTING A F.onn GRFATrP THIN THAT IwurcAr.o IN TriE TALA.E• 
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Run #4. This simulation was made to evaluate the effect 

of placing an embankment across the outlet of channel segment 

21 in order to provide detention storage. Outlet structures 

include an 18" circular culvert at the base and a 20' wide 

spillway at an elevation 6 feet above the channel bottom. 

Tables 3-11 and 3-12 show results of this run. Segment 28 

has a mean annual peak flow of 113.2 cfs with a standard 

deviation of 70.7. The corresponding 2-year flood is 102 cfs 

(elevation 1.9 feet), and the 100-year flood crests at 335 

cfs (elevation 3.7 feet). In segment 35, the mean annual 

peak flow is 208.5 cfs with a standard deviation of 113.9. 

This leads to a 2-year flood Of 190 cfs (elevation 6.4 feet) 

and a 100-year flood of 566 cfs (elevation 7.8 feet). 

Run #5. In this simulation the hydrologic effects were 

investigated of replacng a 36" circular culvert at Beach 

Haven Road with a 18" circular culvert. Tables 3-13 and 

3-14 show the results. Since segment 22 is upstream, it 

is not affected. For reach 35, the mean annual peak flow 

is 215.0 cfs with a standard deviation of 113.9. This leads 

to a 2-year flood of 196 cfs (elevation 6.5 feet) and a 

100-year flood of 572.4 cfs (elevation 7.8 feet). 

V. Summary and. Conclusions  

Tables 3-15 and 3-16 summarize the results of all five 

simulation runs. They also show the percentage change in flow 

from prior conditions. 

It can be seen from Table 3-15 that with development. 
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Table 3-11. Run 4 Annual Peak Flows and Frequency Analysis (Segment 28) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 28 FOR WILD CREEK - STORAGE DEVICE 

WATER YEAP 	PEAK FLOW(CFS) 	YEAR MONTH DAY 
..... ..... 

1018 	 27.8 	1918 	APR. 	7 
1 0 19 	 82.9 	1919 	MAY 	6 
1°20 	 222.3 	1920 	MAP. 	12 
1021 	 240.2 	1921 	AUG. 	14 
1 022 	 88.7 	1922 	MAP. 	10 
1023 	 58.0 	1923 	MAP. 	12 
1 024 	 65.0 	1924 	MAY 	17 
1°25 	 56.3 	1924 	DEC. 	8 
1926 	 240.9 	 1926 	All9. 	11 

1 0 27 	 58.8 	1927 	FFR. 	23 
1 028 	 260.8 	192A 	JULY 	10 
1°29 	 94.3 	1929 	MAP. 	14 
1°30 	 30.7 	1930 	JAN. 	28 
1 0 31 	 43.4 	1931 	JULY 	28 
1 0 32 	 104.5 	1932 	,JUNE 	18 
1 0 33 	 124.5 	1933 	JUNE 	10 
1034 	 93.6 	1934 	JULY 	19 
1 0 35 	 30.4 	1935 	MAP. 	5 
1 036 	 08.1 	1936 	FFR. 	3 
1037 	 124.2 	1937 	JUNE 	17 
1 0 38 	 196.0 	1938 	JUNE 	25 
1 0 39 	 86.4 	1939 	JUNE 	22 
1 040 	 17P.4 	1940 	SFPT 	10 
1 041 	 8A.8 	1941 	AUG. 	13 
1042 	 115 .3 	1942 	MAR. 	20 

MEAN = 	113.2 	STANDARD DEVIATION = 	7U.7 

FLOOD FREDUFNeY rOR FLOWPOINT 28 FOP WILD CREEK - STORAGE DEVICE AT 

RETURN PERIOD 	PROBABILITY 	FLOW IN CFS 	W S ELEV IN FT 

AT 

21 

21 

AND 

ANJ 25 

25 

2-YEAR 50.0 101.5 1.9 
5-YEAR 20.0 164.1 2.5 
10-YEAR 10.0 205.4 2.9 
25-YEAR 4.0 2 57.7 3.2 
50-YEAR 2.0 2 06.5 3.5 

1 0 0-YEAR 1.0 335.0 3.7 
2 0 0-YEAR 0.5 373.4 3.9 

PERrEPT CHANCE IN ANY YEAR OF bETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 
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Table 3-12. Run 4 Annual Peak Flmis and Frequency Analysis (Segment 35) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 35 FOR WILD CREEK - STORAGE DEVICE AT 

WATER YEAR 	PEAK FLOW1CFS) 	YEAR MONTH nAy 
----- 

1°18 	 54.5 	1918 	APR. 	7 
1 919 	 168.3 	1919 	MAY 	6 
1°20 	 381.2 	1920 	AUn. 	15 
1 021 	 401.2 	1921 	AUG. 	24 
1°22 	 175 .8 	1922 	MAR. 	10 
1 023 	 122.6 	1923 	MAR. 	12 
1°24 	 138.1 	1924 	MAY 	27 
1°25 	 118.5 	1924 	DEC. 	8 
1026 	 414.1 	1926 	AUG. 	11 
1927 	 124.0 	1927 	FER. 	23 
1 928 	 462.1 	1928 	JULY 	10 
1 929 	 191.8 	1929 	MAR. 	14 
1930 	 80.5 	1930 	JAN. 	28 
1 9 31 	 83.8 	1931 	JULY 	2E1 
1932 	 207.2 	1932 	JUNE 	18 
1 033 	 225.6 	1933 	JUNE 	10 
1 9 34 	 179.1 	1934 	JULY 	19 
1935 	58.6 	1935 	MAR. 	5 
1°36 	 191.9 	1936 	FER. 	3 
1937 	 221.3 	1937 	JUNE 	17 
1 038 	 329.9 	1938 	JUNE 	25 
1039 	 174.2 	1939 	qtINE 	22 
1 °40 	 309.2 	1940 	SEPT 	10 
1 941 	 174.0 	1941 	AUG. 	13 
1 942 	 226.1 	1942 	MAR. 	20 

MEAN 	208.5 	STANDARD DEVIATION = 	113.9 

PLOOU FREOUFHCY FOR FLOWPOINT 35 FOR WILD CREEK - STORAGE DEVICE AT 21 

21 

AND 

ANU 

25 

25 

* 
RETURN PERIOD 

IANIMOOR 

PROBABILITY FLOW IN CFS W S ELEV IN FT 

2-YEAR 50.0 189.8 6.4 
5-YEAR 20.0 290.5 6.9 
10-YEAR 10.0 357.1 7.2 
PS-YEAR 4.0 4 4 1.3 7.5 
tO-YEAR 2.0 503.8 7.7 
100-YEAR 1.0 56b.8 7.8 
280-YEAR 0.5 627.6 8.0 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 



Table 3-13. Run 5 Annual Peak Flows and Frequency Analysis (Segment 28) 

ANNUAL PEAK FLOWS FOR sErOvENT MO. 28 FOR WILD CREEK - STORAGE DEVICE AT 

4A7ER YEAR 	PEAK FLOW(CFS 1 	YEAR MONTH DAY 

1918 	 28.6 	1918 	APR. 	7 
1919 	 99,P 	1919 	MAY 	6 
192 1. 	 262.1 	192 9 	MAR. 	12 
1921 	 278,7 	1921 	AUG. 	24 
19, 2 	 101.t 	1922 	MAP. 	1 0 
1923 	 67.9 	1923 	MAR. 	12 
1924 	 76.4 	1924 	WO' 	27 
1925 	 69.4 	 1 92 4 	OrC. 	8 
1926 	 265.1 	1926 	AN8. 	11 
1 9 27 	 h6.1 	1 027 	FF8. 	23 
1924 	 2.2.0 	 lo2r1 	JI,Ly 	10 
1929 	 109.P 	1929 	MAR. 	14 
1930 	 43. 0 	1930 	JAN. 	28 
1 9 31 	 51.0 	1931 	JuLy 	28 
1932 	 119.2 	101 2 	spiNE 	18 
1933 	 153.4 	1 033 	JUNE 	lo 
1934 	 115.2 	1'1 1 4 	jay 	19 

1 935 	 30.7 	 193 5 	MAR. 	5 
193n 	 116. 1 	 19 3 6 	Er tl. 	3 
1937 	 149.2 	10'7 	JurF 	17 
1930 	 242. 9 	1939 	JI'ME 	25 
1939 	 92.9 	19'9 	ji,MF 	22 
194 , 	 217.2 	1 94 0 	S'PT 	10 
1941 	 133.0 	194 1 	$01G. 	1 3 
1942 	 133. 7 	194 2 	v1R. 	20 

MEAN = 	131.4 	STANDARD DEVIATION o 	81.2 

FLOOD FRE9UENCY FOR  FLoWpOINT 2A FOR wILD CREEK - STORAGF DEVICE AT 25 

RETJRN PERIOD 	PRODAHILITY 	FLOW IN CFS 	W S ELEV IN FT 

25 

AND 

AND 

30 

30 

2-YEAR 54.0 118.1 2.1 
5-YEAR 20.0 189.9 2.7 

10-YEAR 10.j 237.4 3.1 
25-YEAR 297.4 3.5 
50-YEAR 2.0 342.4 3.7 
100-YEAR 1.0 386.P. 3.9 
200-YEAR 0.5 430.2 4.1 

PERCENT CMPNCE IN 'MY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TADLE. 
------- 
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Table 3-14. Run 5 Annual Peak Flows and Frequency Analysis (Segment 35) 

ANNUAL PEAK FLOWS FOR SEGMENT 	O. 35 FOR WILD CREEK - STORAGE DEVICE AT 

WATER YEAR 	PEAK FLOW(CFS) 	YEAR MONTH DAY 

1 9 18 	 55.2 	1910 	ARR. 	7 
191 9 	 173.5 	1919 	MAY 	6 
1920 	 384.7 	1920 	4il% 	15 
1921 	 404.4 	192 1 	AUG. 	24 
1922 	 184.7 	1922 	MAR. 	10 
1923 	 127.4 	1923 	MAR. 	12 
1924 	 144.1 	1924 	MAY 	27 
1925 	 128.1 	1924 	DEC. 	8 
1926 	 415.5 	1926 	AUG. 	11 
1927 	 126.7 	1927 	FF8. 	23 
1928 	 468.4 	1928 	JULY, 	10 
1929 	 202.3 	19Pg 	MAR. 	14 
1930 	 84.'.! 	1930 	JAN. 	28 
1931 	 9 1.0 	1931 	JULY 	28 
1 93 2 	 213.9 	1932 	JUNE 	18 
1 93 3 	 240.9 	1933 	JUNE 	1 0 
1 9 34 	 188.1 	1934 	juLy 	19 
1 935 	 59.2 	1035 	r401. 	5 
1936 	 230.6 	193 6 	FF9 . 	3 
1937 	 230.9 	1917 	JUNE 	17 
1938 	 335.4 	1938 	JUNE 	25 
1 93 9 	 179.4 	1939 	JuNE 	22 
194^ 	 316.2 	194 0 	SEPT 	1 0 
1941 	 184.6 	194 1 	AUG. 	13 
1942 	 236.4 	1942 	MAR. 	20 

mm---_- 

MEAN = 	215.0 	STANPARo DEVIATION r. 	113.9 

FLOOD FREauENcY FOR FLowpoINT 35 FOR WILD CREEK - STORAGE DEVICE AT 25 

25 

AND 

AND 

30 

30 

............ 	 ........... ------- ................. - .............. -------- 

RLTURN PERIOD PROBABILITY FLOW IN CFS W S ELEV IN FT 
......... 

2-YEAR 50.0 196.3 6.5 
5-YEAR 20.0 297 .0 7.0 
10-YEAR 10.0 363.7 7.3 
25-YEAR 4.0 447.9 7.5 
5C-YEAR 2.0 510.4 7.7 

100-YEAR 1.0 572.4 7.8 
200-YEAR 0.5 634.2 8.0 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER THAN THAT INDICATED IN THE TABLE. 
.... 
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Table 3-15. 	Summary Table for Segment 28 

Run #1 Run #2 Run #3 Run #4 
Natural Existing Existing Existing 
Watershed Land-Use Land-Use Land-Use 

No Existing Added 
Detention Detention Detention 1 

102.2 138.6 131.4 113.2 

71.8 78.4 81.2 70.7 

+36 +29 +11 

-5 -18 

-14 

90.4 125.7 118.1 101.5 

1.8 2.2 2.1 1.9 

+39 +31 +12 

-6 -19 

-14 

327.5 389.6 386.2 335.0 

3.7 3.9 3.9 3.7 

Mean Flow (cfs) 

Standard Deviation 

Flow Changes (%) 

from Run #1 

from Run #2 

from Run #3 

2-year flood 

Flow (cfs) 

Elevation (ft) 

Flow changes (%) 

from Run #1 

from Run #2 

from Run #3 

100-year flood 

Flow (cfs) 

Elevation (ft) 

Flow changes (%) 

from Run #1 

from Run #2 

from Run #3 

+17 
	

+18 
	

+2 

	

0 	 -13 

-13 

Note: The detention storage in Run 5 is downstream from this site and 

hence does not affect flows in channel segment 28. 
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Table 3-16. Summary Table for Segment 35 

Run #1 Run #2 Run #3 Rua #4 Run #5 
Natural Existing Existing Existing Existing 

Watershed Land-Use Land-Use Land-Use Land-Use 
No Existing Added Added 

Detention Detention Detention 1 Detention 2 

Mean Flow (cfs) 

Standard Deviation 

Flow Changes (%) 

from Run #1 

from Run #2 

from Run #3 

2-year Flood 

Flow (cfs) 

Elevation (ft) 

Flow Changes (%) 

from Run #1 

from Run #2 

from Run #3 

100-year Flood 

Flow (cfs) 

Elevation (ft) 

Flow changes (%) 

from Run #1 

from Run #2 

from Run #3 

197.5 229.6 222.1 208.5 215.0 

137.9 121.2 120.9 113.9 113.9 

+16 +12 +6 +9 

-3 -9 -6 

-6 -3 

174.9 209.7 202.2 189.8 196.3 

6.3 6.6 6.5 6.4 6.5 

+20 +16 +9 +12 

-4 -9 -6 

-6 -3 

630.0 609.7 601.3 565.8 572.4 

7.9 7.9 7.8 7.8 

-3 -5 

-1 

-10 

-7 

-6 

-9 

-6 

-5 
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mailer peaks were increased the most; the 2-year flood increased 

39% while the 100-year flood increased only 17%. The recently 

completed detention device at segment 25 has been helpful in 

reach 28; the mean annual peak flow has decreased 5% over the 

developed condition prior to construction of the detention device. 

Again low flows were affected most. The 2-year flood is 6% less 

while the 100-year flood remained constant. The dam at segment 

21 would reduce flows further; the mean would decrease 14% from 

the present and the 2- and 100-year floods would decrease a 

similar amount. It should be noted, however, that flood elevations 

have remained fairly constant through all these changes. The 39% 

increase in the 2-year flood flow caused by development caused 

only a 0.4' increase in the flood elevation. Measures to reduce 

flows have had a similarly small effect on flood level reductions. 

Table 3-16 shows the effects of watershed changes on reach 35. 

In this channel, development caused a 16% increase in mean annual 

peak flow. Again the smaller peaks were effected most. The 2-year 

flood is 20% greater for the developed watershed than the natural, 

while the 100-year is 3% less. The storage device at segment 25 

has less effect in this reach than it had in reach 28. Here the 

mean annual peak flow has decreased 3% over the developed conditions 

prior to construction of the detention device. The dam at 21 

would decrease the flow 3%. Again it should be noted that flood 

elevations are not at all sensitive to these changes. Development 

only increased the 2-year flood level 0.3 feet, and the most effective al-

alternative only decreases the flood elevation by 0.2 feet. 

From this study the following conclusions may be drawn: 

a) Development has increased flood flows in the Wild Creek 
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watershed, particularly the smaller floods. 

b) The increase in flood elevations due to the increased flows 

has been small. 

c) Attempts to slow and detain water upstream do not sub- 

stantially reduce flood flows or flood elevations. 

One solution to the particularly severe problem in reach 35 would 

be to relocate the 4 houses on Brook Valley Lane particularly 

affected by the flooding. Though not simulated, improvement of 

the channel below Sheridan Drive and enlargement of the culvert 

under the driveway to Lanier Electronics may provide some relief 

to the four houses and not create greater problems downstream. 
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SECTION 3 

Honey Creek 

I. Physical Attributes of Watershed 

a. Location  

The portion of Honey Creek watershed included in this study is 

the upper headwater area. The stream rises in the city of Lithonia 

in southeast DeKalb County and flows generally southeast. About one 

fourth of the city of Lithonia drains into the creek. Even though 

the stream reach studied lies within DeKalb County, a small tribu-

tary of the Creek included in the study drains from Rockdale County. 

b. Size  

The watershed studied has a total area of 1444 acres. About 120 

acres are located within the city limits of Lithonia,and about 70 

acres are located in Rockdale County. Three roads cross the creek 

within the study limits. Table 4-1 shows drainage areas and size of 

culverts at these crossings. 

Table 4-1  

DRAINAGE AREAS AT ROAD CROSSINGS  

Road Crossing 	Drainage Area (Acres) 	 Bridge Opening  

Covington Highway 	 144 	 5' x 5' Box Culvert 

Interstate Route 20 	194 	 5.5' x 7' Box Culvert 

Turner Hill Road 	 804 	Three, 6' x 10' Box Culverts 

c. General Drainage Patterns  

As can be seen on Figure 4-1, most of the watershed is presently 
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undeveloped with the exception of the portion in and near the city 

of Lithonia. Drainage for the most part is in natural channels. 

The main stream channel varies in width from about 20 feet at the 

lower end of the study to about 5 feet in the vicinity of 1-20. 

The main stream channel has a length of about 9,800 feet from 

Covington Highway to the lower study limits. 

d) Other Studies  

The U.S. Army Corps of Engineers completed a Flood Plain Infor-

mation Report on Honey Creek in April, 1974. The study limits ex-

tended to the Interstate Highway 20 crossing. The study was based 

on existing conditions in the watershed. Table 4-2 shows a compari- 

son of the peak flows for the 100-year flood under existing conditions 

developed by this study and those developed by the Corps for the 

Honey Creek report. 

Table 4-2  

COMPARISON OF PEAK FLOWS WITH CORPS REPORT  

Location 	 100-year flood discharge (cfs)  

This Study 	 Corps Study  

Turner Hill Road 	 1190 	 1800 

Hayden Quarry Road 	 2195
1 

2340 

e) Current Land Use  

The portion of the watershed within the city limits of Lithonia 

1 - At end of reach 76 upsteam of Hayden Quarry Road 
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has been almost completely developed. Most of the development is 

single family residences with one small development of multi-family 

residences in the extreme northwest portion of the watershed. The 

only other significant development is a large mobile home park in 

the area above 1-20 and just west of the DeKalb-Rockdale County 

Line. The remainder of the watershed is rural with a few scattered 

homes. Klondike and Turner Hill Roads traverse the watershed from 

north to south. Interstate Highway 20 cuts across the middle of 

the watershed from east to west. Hayden Quarry Road borders the 

watershed on the south, and Georgia railroad borders it on the north. 

f. Projected Land Use  

The current projection is for rapid development in the Honey 

Creek Basin with most of the new development expected to be single 

family residential. It is reasonable to expect, however, that 

multi-family residential and commercial development will occur along 

1-20. The "Windswept" development project is currently being planned 

to convert six 	land lots to single family residential develop- 

ment. The planned installation of sewage treatment facilities 

serving the area is expected to accelerate development in the area. 

II. Map of Watershed  

Figure 4-1 shows the watershed on a topographic map, and Figure 

4-2 shows the area, channel, and storage segments used in flow sim-

ulation. The watershed was divided into subareas and the drainage-

ways were divided into channel segments. Existing small lakes pro-

vide some storage at locations 60 and 66. The culvert at Covington 
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Figure 4-2. Map of Honey Creek for Run 2 



Highway is small enough to create some backwater storage effect. 

The other road crossings are large enough so as not to have sig-

nificant backwater storage effects. A schematic diagram of the 

modeling segments is shown on Figure 4-3. 

III. Drainage Problems  

At present there are no significant drainage problems within 

the reach studied. The purpose of this study was largely to dem-

onstrate what could be done in arranging development patterns and 

providing flood control structures to keep such problems from oc-

curring in newly developing areas. 

In order to evaluate this situation, flows were simulated for 

existing land-use on the watershed as well as for five alternative 

future land development possibilities. The six runs were as 

follows: 

1. Current land use and channel conditions 

2. Complete development of the watershed as shown on Figure 4-2. 

3. Complete development of the lower half of the watershed with 
the upper half remaining as presently developed (Figure 4-4). 

4. Complete development of the upper half of the watershed with 
the lower half remaining as presently developed (Figure 4-5). 

5. Complete development of the watershed as in run 2 but with 
detention storage located on a tributary at the upper end 
of reach 74. 

6. Complete development of land lots 151, 170, 171, 182, 183, 
and 203. These are land lots within the watershed that will 
be developed by the proposed "windswept" development. This 
scheme is shown on Figure 4-6. 

Total residential development was simulated under scheme Number 

6. For the other development schemes, residential development was 
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Figure 4-3. 
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Figure 4-5. Map of Honey Creek for Run 4 
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Figure 4-6. Map of Honey Creek for Run 6 



considered for the developed area with the exception of a strip 

commercial development along 1-20. 

IV. Descriptions of Simulation Runs  

1) Existing Development  

This simulation was based on present level of watershed de- 

velopment. Table 4-3 shows specifications for source areas and 

channel segments. Tables 4-4 and 4-6 show the annual peak flows 

for water years 1918-1942 and results of flood frequency analyses 

for reaches 46, 74, and 76. As can be seen on Figures 4-2 thru 4-5, 

channel segment 46 ends at Turner Hill Road, channel segment 74 is 

the lower reach of a tributary entering from the left bank below 

Turner Hill Road,and segment 76 is the lower end of study. 

2) Complete Watershed Development  

This simulation was based on complete watershed development 

as shown on Figure 4-2. It was assumed that 80% of commercial 

development and 20% of residential development was impervious. 

Table 4-7 shows specifications for source areas. Channel seg-

ments were assumed to remain in their present conditions as re-

flected in Table 4-3. Tables 4-8 through 4-10 show the annual 

peak flows and frequency analyses for the same reaches as for 

simulation 1. Comparison of existing development with complete 

development shows, for reach 76, a 45% increase for the 2-year 

flood and a 24% increase for the 100-year flood. At the lower 

end of the study these increases would mean about a 1 foot in-

crease in elevation of the 2-year flood and about a 1/2 foot in-

crease in the 100-year flood. 
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Table 4-3. Specifications for Source 
Areas and Channel Selments_Lor Run 1 

SPECIFICATIONS FOR SOURCE AREAS 
.... 	• 	  • MMO! 

FRACTION OF AREA WITH EACH SOIL TYPE 
	 *•.m.p.. owe 	 

	

NUMBER AREA.ACRE 	RAPID . 	MODERATE 	SLOW IMPERVIOUS 
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$ 5400 
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.000 
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.00i 
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4 
.
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060 
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,070 

5 
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:oob 
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68.600 	1 	770 18 	. :995 	.000 

	

15 	36,600 	:00g 	
23:8 	

,000 
,000 	020 

1 1  

	

TV 	•88 

	

24,300 	.000 	 .000 	:140 

1 :00 	ciao 

	

44 8 	.000 .000 
*000 	

.200 

.360 

.00
0  

	

21 	

0 

	

0 	'9:1 00 	.00 	 .00 
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23 	17,000 	,000 	:650 	,000 	.350 
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56,000 	
0 
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,000 
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SPECIFICATIONS FOR CHANNEL SEGMENTS 
	• 	,.. ..... pr••••,..•••• 	 

NUMBER TYPE 	LENGTHPFT 
tr, ••• 	0 	 00° 01,MvUo 

	

35 	4 

	

 

38 	

4.§Q

00 

 ,.00 

	

36 	1 	
1350 
33000 

, 

	

40 	4 	1150.1 

	

42 	4 	1570.0 

	

44 	4 	1070.00 

	

46 	4 	1600.00 

	

48 	4 	;8:88 4 

	

1 	
4 	15

4
Q0.0 0 0 
0280 

	

62 	4 	15g8:08 

	

64 	4 	1900.00 

	

68 	4 	300,00 

	

;8 	1 4 	250.0i 80,0 

	

74 	4 	1130,0 

	

76 	Li 	1200,00 

.00 
 

SLOPE 
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.01610 .81R68 
:067i0 
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.00720 
.00440 
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.0 100 
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.00430 
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DEFINITION OF NUMERIC CHANNEL TYPES 
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3 	

WITH NO FLOOD PLAIN 
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Pm, Pm!, 	 • 

YEAR MONTH DAY 
qwWw00 0MM 

1918 	APIR. 	/ 
1919 	MAY 
1920 	MAR, 	12 
1921 	AUG, 	24 
1921 	NOV, 	16 
1923 FEB, 	3 
114 MAY 	.7 
19 5 AUG, 	1 
t9 6 	AUG,  
1927 	FEB, 
1928 JULY 10 
1929 	MAR, 	14 
1930 MAY 	1/ 
1930 NOV 	1 

13ii JUNE 	18 
136 V 1 
1937 APR: 29 
1938 APP , 

 1939 JUNE 22 
1940 SEPT 10 
1941 	AUG, 	3 
1942 MAR, 	0 

STANDARD DEVIATION = 	237,5 

Table 4-4. Run 1 Annual Peak Flows and Frequency Analysis (Segment 46) 

ANNUAL PPAK FLOWS FCR SEGMENT NO, 46 FOR 	HONEY CREEK RUN 
	 P. 	  

WATER 	YEAR 
WwWww • .O wfw eil 

PP PPP. PPP 	. 

PEAK 	FLOWCCFS) 
M. 	  

78,9 191F 
19 1 342,4 
19 0 783,6 
1921 736,4 
1922 596,1 

ili 
671,6 

9 	6 
927 
928 9 	5,0 
929 4452,0 
1930 165,3 

86,4 M 383,7 
326,0 

93 4 245,2 

931 
467:7 
573,7 

1939 378,6 
1940 522,3 

19141 249,2 
566,5 

MEAN P 444 9 7 

FLOOD FREtUENCY FOR FLOWPOINT at, FOR 	HONEY CREEK RUN 1 
MM• P m, 	_ 	MM ...... PmW M mmVPM 

RETURN PERIOD 	PROBABILITY 	FLOW IN CFS 
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4 40 1, ? 
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Table 4- 5. Run 1 Annual Peak Flows and Frequency Analysis (Segment 74) 

NNUAL PEAK FLOWSJMSEGMENT NO. 74 FOR 	HONEY CREEK 
PUN j 

.p.wrrvsee. .. . .. 000000 . 100 . 0 	 

WATER YEAR 	PEAK FLOH(CF8) 	YEAR MONTH DAY 
1,..,..o rap.  	 o r. 	 or 

	

1918 	 87,8 	/918 APR, 	7 

IT 

	

9 0 	
296,3 

	

684,6 	fln 'AN, 	It 

	

1921 	 744 

488,

,16 	

l l' 	1 

	

MI 	588, 	
I 

	

6 	9 	 ii FEq 	3 

	

1924 	 244,5 	1924 MAY . 	27 

	

1925 	 363,2 	1925 JAN, 	11 

92  

	

11 	

pg.8 
9 	

85 	
117 

AUG. IA 
9 	 k1 3 	? 	Y s 40 lo 1 9  

	

o 	 a:9 	
1929 MAK. 

1
14 

930 	MAY' 	7 

	

931 	 139,9 	MI JULY  fg 

	

1932 	 357,5 

	

1933 	 408,8 	1933 	N 	1 

	

1934 	 310,2 	1(9)i 	JULY 
E 4 

5 ' 

	

1915 	 126,8 

	

/ 9  6 	335,3 

	

ii i 	
,1 

5
9
9

381
4.6 

	

27,1 	
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194 	 Uf.,1 	132? AUK 194 
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e,..1.,.. 

MEAN : 	401,2 	STANDARD DEVIATION = 	209,1 

FLOCD FREQUENCY FOR Ft0WPOINT 74 FOR 	HONEY CREEK 

RETURN PERIOD 

22 YEAR 
5PIYEAR 
10•YFAR 
?5YEAR 
5Q YEAR 

100..YFAR 
2000YEAR 

PROHABIUITY 

50,0 
20,0 
1.0 
40 
2,0 
1,0 
0,5 

FLOW IN CFS 

366,9 
551 0 6 
674.0 
82806 
943,2 
1057,1 
1170,5 

* 
PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 

maw 

THAN THAT INDICATED IN THE TABLE., 
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ttf. 1-0W 14  

: 20 
1,0 
0,5 

771.0 

14
1152,3 

04,7 
1723,6 
1960.2 
2195,1 
2429,1 

50,0 
20.0 
1,8 

2-.YEAR 

p
5-YEAR 

50-YEAR 

2100-YEAR 00-YEAR 

Table 4-6. Run 1 Annual Peak Flows and Frequency Analysis (Segment 76) 

ANNUAL PEAK FLOWS PrR SEGMENT NO, 76 FOR 	HONEY CREEK RUN i 
PP 	 do.fim,,,4010 	  

WATER YEAR 
	

PEAK FLOWCCFS1 
	

YEAR MONTH DAY 
morm..* w www 

1911, 

1921 
1922 
1923 
1924 
925 
926 

1 "  92 
19/9 
19 0 
9 1 

93 3 

i 34 
937 
1938 
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194 
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1  
2 

 

167,2 
640,0 
1464.2 
1416,1 
1148,6 
1223,3 
511 2 3 
968,9 
1524,0 
580,1 

18440,8 
813.8 
331,5 

3 87 q 47,, 

qt ,3 
5 0 

1066,8 
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530,9 
1026,6 

84149 

1918 	APR, 	7 

1921 	AUG, 	4 

131 	FEBI 	
1 3 

1926 AUG, 	1 1 
JT4 .„26 	A 

1M 'AN 
1929 	MAR, 	14 

VA; NOV 11 
1 933 JUNE 

18 
1934 	R 
Mg 
1937 	APR: 	29 
1938 JUNE 25 
1939 JUNE 	2 2 
1940 SEPT 	10 

1321 Poffi• 

 

MEAN STANDARD DEVIATION 7. 	431,4 

FLOOD FREQUENCY FOR FLOWPCINT 76 FOR 
	

HONEY CRFFK 

RETURN FFRTOD PSCRABILITY 	FLON IN CF8 

     

PERCENT CHANCE. IN ANY YEAR OF GETTING A FLOOD GREATER 
goo 

THAN THAT INDICATED IN THE TABLE. 
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14)40 

:300 480 220 
.270 :460 

,000 
.000 

:128 
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.390 
.460 
#53
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. 0 
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.530 
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Table 4-7. Specifications for Area 
Segments for Run 2 

SPECIFICATIONS FOR .SOURCE AREAS 

FRACTION OF AREA WITH EACH SOIL TYPE 

NUMBER AREA+ACRF 
	

;API( 
VV 0 VVV.VVV. 	 9 

MODERA1F SLOW IMPERVIOUS 
V Vv. 	vaisq, 	  
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50,0 
20,0 
10.0 
4,0 
2,0 

2-YEAR 
5-YEAR 

2 0-YEAR 5-YEAR 
50-YEAR 
100YEAR 
200-YEAR 

594,2 
831, 
988,1 
Itn6.4 
133;,5 

6 4,9 

Table 4-8. Run 2 Annual Peak Flows and Frequency Analysis (Segment 46) 

ANNUAL PEAK FLOWS FOR SEGMENT NO, 46 FOR 	HONEY CREEK RUN 2 

WATER YEAR 	PEAK FLOW(CFS) 
... ... . . .. 

1 

	

1918 	 198,2 

1
1919 
920 91

469,4 
920  

1921 

	

1922 	 'al:, 

	

1921 	757.0 

	

1924 	 448,7 
604,3 1925 

	

1926 	 1147,5 
1927 

	

192t.; 	
364,9 
1155 0 1 

	

1919 
	 25. 9 

	

932 	 6 0:4 

	

933 	 68 1,1 

	

/il 	 Pgq 

	

H4 	

1'2:5 
5 8,3 

96 (g: 1939 

	

1940 	 873,0 

	

1941 	 627,0 
630,6 1942 

....... 

MEAN = 	638,2 

YEAR MONTH DAY 
WWWW 	wqmar 

131 (4 	MAY S 	6 
1920 	MAR, 	12 
1921 	AUG, 	24 
1 9 23 	FEH' 	13 1924 MAY 	27 
IM AUG, 1 
192 	JUL Y fl 
1929 MAR, 	14 

193 0  JULY 11 
193eJUNE 	18 
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J  
ftin 1$ 

pig Wf 2
9 937 APR, 	29 

1938 JUNE 25 
1939 JUNE22 
1940 SEPT 10 

1942 MAR, 	
13 

STANDARD DEVIATION 268,2 

FLOOD FREQUENCY FOR FLOwPOINT 46 FOR 	HONEY CREEK 

RETURN PERIOD 	PROBAPILITY 	FLOW IN CFS 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 

THAN THAT INDICATED IN THE TARLF, 
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2,0 
1,0 
0,5 

556,5 
7
4
90

6
,6 

95, 

1 11 ,4  1 
430
8 9 7 
10 
1574,6 

50.0 

f8:8 
4,0 

2*YEAR 
50Y EAR 
10•YEAR 
25...YEAR 
50...YFAR 
100•YEAR 
200•YEAR 

Table 4-9. Run 2 Annual Peak Flows and Frequency Analysis (Segment 74) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 7111 FOR 	MONEY CREEK RUN 2. 
ppsoipitiOp ir O fh SIP! m 11 .10011 .10  

WATER YEAR 
11110.1 41,401 , 4*PfkAiD 

PEAK FLJN(CP8) 	YEAR MONTH DAY 
goo.* 

	

1 9 18 	 169,9 	1918 APR, 

	

141 	4872,3. 
21,8' 3P) AUG, I t 

IT 

	

9A 	15581ill 6*. 	ill M .* I; 

	

1924 	 388,6 	9a4 MAY 	- 27 

	

1925 	 536,3 	
326 

DEC, 
 a 

	

916 	 050,
,4  0

.  
9 	

1 

	

; 	 266 	 917 FEm .  CI 
9 	Ni:1 	9 5 JUL; 10 

	

1 9 	 313 4014 ,  11 9?  

199 	
539 

9 1 

	

9i4 	

: 
into 
28108

2 	
i i
4 JULY 19 
i 

JULY 
 18 

	

1939 	 2g/: 
	 93

4 936 REflt 29 

	

936 	5( #5 
94 	 568,2 193i i tliv   
9 

	

919 	
9660 
566,7 . 	Oh 	NE.  

	

1940 	 907,0, 

	

1941 	 669,5 	13111 A UG,I 	1 

	

1942 	 446,9 	1942 MAR, 20 
pqr.ipw.m. 

MEAN = 	600,0 	STANDARD DEVIATION = 	264,9 

FLOOD FREQUENCY FOR FLOWPOINT 74 FOR 	HONEY CREEK 

RETURN PERIOD 	PROBABILITY 	FLOW IN CFS 
U 

* 
PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 

rrw 	 ► ..• 
THAN THAT INDICATED IN THE TABLE, 



Table 4-10. Run 2 Annual Peak Flows and Frequency Analysis (Segment 76) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 76 FOR 	HONEY CREEK RUN Z. 

WATER YEAR 
	

PEAK FLOW(CFS) 
	

YEAR MONTH DAY 
Pmp 
	

p.t. ■ 	WW .R- 

	

1918 	 384,9 	1918 	APR, 	7 

	

19 9 	 868,0. 	1919 	MAY 

	

19 0 	 1696,7 	1920 	MAR, 	1. 

	

.921 	 1920,2 	1921 	AUG,, 	24 
922 

	

93 	
1598,6. 
16 	

1921 	

MAYS 	

16 
192B 	3 

	

922 
	 37 

	

4 	 859,
,6 

 2 	1924
3 	

MAY
, 
	7 

	

Mb 	
1091,3 	1925 JAN, 	1 

	

2093,7 	
1 

1926 	AUG, 	1 

ON 685,0 

	

2105,9 	
1927 	FEB 	3 
1928 JUL 	10 

	

ni 	
938,3 	929 MAR, 	4 

? 

	

53317 	
1 	 1 
1930 MAY 

	

1931 	 618,3 	1931 	JULY 	B 

	

1932 	 1242,9 	1932 JUNE 	t8 

	

1933 	 1316,5 	1933 JUNE 	10 

	

193u 	91i 	IW JUN E'  ;i IT 

	

9 / 	
12.4 

	

10'3 ,14, 	93 	JUN2 	1 7 
1938 1697,9 

	

1157,6 	
938 JUNE 25 

939 1939 JUNE 22 

	

940 	 1645,5 	1940SEPT 10 

	

W41 	iill:E 	1941 AUG 	3 
1942 	MAR,

,  
	0 

N 

MEAN = 	1195,6 	STANDARD DEVIATION = 	487,0 

FLOOD FREQUENCY FOR FLEKPCINT 76 FOR 	HONEY CREEK 

RETURN PERIOD PROBABILITY FLOW IN rFs 

2-YEAR 
5"YEAR 

10 ► YEAR 
25mYEAR 
50 ,PYEAR 
100-YEAR 
200-YEAR 

1115,6 
1546,0 
1831,0 
2191,0 
2458,0 
2723 .' 2 
2987,3 0,5 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
1140 • 

THAN THAT INDICATED IN THE TABLE, 
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3) Complete Development of Lower Half with Upper Half Remaining  
in its Present Condition  

This scheme as shown on Figure 4-4 was simulated to determine 

what effect staging of watershed development had on peak flows. 

Table 4 -11 shows specifications for source areas. Channels were 

again assumed to remain in their natural state. Tables 4-12 

through 4-14 show the annual peak flows and frequency analyses 

for the same reaches as for simulation 1. Comparison with 

existing development shows, for reach 76, a 24% increase for 

the 2-year flood and a 22% increase for the 100-year flood. 

4) Complete Development of Upper Half with Lower Half Remaining  
as Present  

This scheme as shown on Figure 4-5 was also simulated to de-

termine effect of staging development. Table 4-15 shows speci-

fications for source areas. Channels were assumed to remain in 

their present condition. Tables 4-16 through 4-18 show peak 

flows and frequency analyses for the same reaches as for simu-

lation No. 1. Comparison with existing development shows, for 

reach 76, a 22% increase in peak flow for the 2-year flood and an 

11% increase in the 100-year flood. 

5) Complete Development of Watershed with a Detention Storage  
Segment at Confluence of Reaches 58 and 72  

This simulation was made to determine effect of placing de-

tention storage in the downstream part of a watershed on peak 

flows. The storage segment was assumed to be a dam with a 36" 

drop inlet 5 feet below a trapezpoidal broad crested weir with 

side slopes of 2 to 1. The specifications for the storage seg-

ment are shown in Table 4-19. 
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Table 4-11. Specifications for Area 
Segments for Run 3 

sPFCIFicATIoN1 FOR •SsURCE AREAS  
e1.   	

ERALTLON 

	

NUmPER AREA.ACRE 	RAPID 	MODERATE. 	SLOW IMPERVIOUS 
ail►-a-aaat 1*-1►-11■ 9L-41.1-4,411-40-. all-a-a 404111, 	 MAMw Qaa pit EIS .0 w 411 41/ 	0,1111-10-1. 

44 	 - 

	

700 	,060 	,640 	,000 	,300 

	

. 00 	,0-50 	4 690 	4 0-00 	4 26-0 
.3 	50.400 	,060 	,320 	4 000 4 620 
4 	484_400 	• 22,0 	4 300 	4000 	4  LI eo _ 

	

6
4 1,1 0

0  0 
	4

40
270

0 	4  .390 
270 	,000 
	4460 

95 4 80 
	7 	40,800 	:340    4 460-- 	;8 	4210 28.______ 	. 4 200- 

8 	143,800 	.070 	,380 	,000 	,550 
9 	77,000 	4 270 	1530 	,000 	 .200 

10 	,900 	 4-0-0-0 	410-  
11 	38,500 	

OM 	4 11 /0 
,16v 

	

4 4 0 	,000 	1 3 0 
	t2-_ 	68 4 i00 	4270 	* 530

1H 	

410_ 

	1! 	
544500 .000 4 995 4 0 5 

	

68,600 	4 230 	,770 4 0 0 
15 	16 4 0010   4-004 	4980 
	,000 
	0020 

18 	24 4 30 0  4000 	4 860 	,000 	,140 

li 	1111•488 	q88 	 
,640 	000 	 360 

i4 	
I,80u -Too 	1,-2- 00 

	

4 000 	:000 	1 4 000 	:000 	4 000 
PO 	39_4 500 	 ,000 	1 4 0.0 	c000 	 IO- N 	

68,700   ,00 00 	4 650 	t OoQ 
0 

	 5 	g..1188 	  

	

4000 
	,650 

	

,820 
	,0 0 0 

4000- 	
 :350 ,1©

$ 26 	27,200 	4 00Q 	14000 	4 000 
27 	56 4 000 	,125 	X 975 	4 000 	4 000 
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So 9 0 

L•8 

594,2 
8 3142 988,1 
1186.4 
1333,5 
14794 
1624

5
0 

211, YEAR 
5mYEAR 

10 ,4YEAR 
25.YEAR 
501.YEAR 
1000YEAR 
200fRYEAR 

24 4 0 
10,0 
4,0 
2,0 

Table 4-12. Run 3 Annual Peak Flows and Frequency Analysis (Segment 46) 

 

ANNUAL PEAK FLOWS VCR SEGMENT NO, 46 FOR 	44.14.. PPM .. 	 

HONEY CREEK RUN 3 

 

   

   

WATER YEAR 	PEAK FLOW(CFS) 	YEAR MONTH DAY 
.4444  4. 4"1",1"....-111---PfrOw -a,-014.•• •■ S. 	 WA= 	 aka,  

3_18 APR, 9 MAY 
9 0 	MAR, 

91 
	MAN 925 	AN

Y  

926 	
, 

427 	-
J U L

B: 	3 
13g MAR 	4  

6 	 9  

n 	 3 81 	1R 
33 	UNE 

6W5 	1 	wit 29 

3 	
 9A9 ght.  	

iUN 	22 t 
-11
936 

 ---Agt 5! 	 
6? •.0 	19 441 	AUG, 	3 

140 	 EPT ____10 	 

6 3 0,6 	192 MAR, 20 
----10,11".-01-1•1111  lot 	  

191A 
too 

ill 920 
	PP 

	

liii 	 
lig  
936 

2i 	; 
	  9 1g  

IM 

x919'
8  9,8 

1444 
141' 424:1 
65P .14 

MEAN = 	638,2 
	

STANDARD DEVIATION 	268,2 

FLOOD FREQUENCY FOR FLOWPCINT 46 FOR 	HONEY CREEK 

RETURN PERIOD 	PROBABILITY FLOW IN CFS 

    

O MM ■ limg . 0 4.1sw p 

    

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
444.. 

THAN THAT INDICATED IN THE TABLE, 
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Table 4-13. Run 3 Annual Peak Flows and Frequency Analysis (Segment 74) 

ANNUAL PEAK FLOWS FOR SEGMENT NO, 74 FOR HONEY CREEK RUN 3 
pliempalwapowr ■ f 

  

ap 

  

WATER  YEAR  PEAK FLOW(CFS) 
ImIlOwMwM.WW41101OPMW 

YEAR MONTH DAY 
pmem. 000001 mango 

	IT 	
 87 ,

1920 296-1 3-___ 
6846 

	 92 	744,6  

192.i 	
5813,7 19? 
g88,6 

911 	  
	  9 6 	 

9 7 - 	

gisoi 	 
76,8 
215

2
-0 

8 92 	 855,6 
92 	 33i4.8 	 

957, 
4i 	

'9 
39,9 

5 
933 
934 	 In ,3 

	1M, 8  33b3 
3 8 1.1 

Iii-a-,-6 
2 9 7,1 
552,3 
307,3 
396,5 

W -40-ww -Ww.■ 

MEAN = 	401,2 

FLOOD FREQUENCY FOR FLOWPCINT 74 FOR  

1918 	APP, 	7 

921 R--)17-- 923  
IT 5N, 
1 	1 	 9! AUG *  
192 -TER.— 
929 gi 	

- 
33V

0  

/30---MrPrj  ri 	 
931 JULY e 

1.932 	JUNE 

STANDARD DEVIATION = 	209,1 

HONEY CREEK 

937 
93m 
939 
94.0  
941 
1942 

f3ii JULY 
2; --- 

131 -t Igl  1; 	 
1939 JUNE 22 

1941 	AUG T. 
13 

1942 MAR, 	0 

RETURN PERIOD PROBABILITY FL O W IN CFS 

    

2rYEAR 
YEAR 

10.Y .AR 
250.YEAR 
50rYFAR 

100 ■ YEAP 
200*YEAR 

50,0 366.9 
20.0 551.6 
10.0 674.0 
4.0 828,6 
2.0 943.2 
1.0 1057.1 
0,5 1170,5 

PERCENT CHANCE . IN ANY YEAR OF GETTING A FLOOD GREATER 
*IWO. 

THAN THAT INDICATED IN THE TABLE, 
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Table 4-14. Run 3 Annual Peak Flows and Frequency Analysis (Segment 76) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 76 FOR HONEY CREEK RUN 3 
	„ .... 

   

   

   

WATER YEAR 
	

PEAK FLOWCCFS, 	. YEAR MONTH DAY 
ip-a•-•••■•-■ 40 111- 

595, 	V 
APR,  / 

9 	ill! 

	 286,8 
757,6 

MAR, 
.64 

	

Z 	 4 4 8  
	6   9 	ItE 
	3 
Y - 	7 

0i:5 	1925 AUG,11 1926 	AUG, 	1 

	

1927 FEB. 	3 ityn-i-0---  

	

1999,0 	1928 JULY 	0 
4 	 93 	MA 
890 	 929  JUR Y 	4 
3 5, 	

0 
4 	193) 	JULY 93 

 5- 
99 

	

1936 	 114 

	

2,4 	1936 SEPT 29 

it 

	

1 
	1937  W 29 	 1B1  

942 

	

941 	

13t4,2 	 

	

13 84:1 	 

944,8  

	

83 	

i 	NV-2 

F941 	AUG, 	13 
alLA61 

	

1095,9 	942 MAR, 20 
....-11,1112- 10111r 

MEAN 	1017,2 	STANDARD DEVIATION = 	455,0 

FLOOD FREQUENCY FOR FLOW:TINT 76 FOR 	HONEY CREEK 

RETURN PFRIOD PROBABILITY FLOW IN CFS 

    

2*YEAR 50,0 942,5 
5.4YEAR 20,0 1344,6 

10 , YEAR 10,0 1610,8 
25•YEAR 1947,2 
50-YEAR 2196,7 
I00-YEAR 10 2444,4 
2000+YFAR 0,5 2691,2 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GRFATER 
OP • 	 fir al OP et 

THAN THAT INDICATED IN THE TABLE 

	 9_3 	1 20,3 	_ 93 _ JUN 
933 

E_____18 

11-P 
	

13$4 	
1934 JULY 19 

	

44,4 	933 JUNE 	10 

	

1934 JULY 
	19 

1 ') 



Table 4-15. Specifications for Area 
Seaments for Run 4 

SPECIFICATIONS 	FCR 	SOURCE 	AREA$ 

78,700 

, 

	

143,800 	
, 

li 68,100 
54,500 

119,600 
68,800 

	

0 	39,500 	

:000 

34,000 

FRACTION OF 	AREA 	WITH 

NUMBER 	AREA•ACRE 	RAPID 	MODERATE 

	

.. 	 . 	 . PP 	 

65,000 	
,070 	 ,800 

,860 

	

1 	50.400 
	 ,060 
	 ,800 	

0
00 

	

4 	48,400 	 :400 	 ,550 

	

5 	41,100 	 ,500 	 *490 

	

6 	
954800 

800 	
$420 
360 	

414 

	

7 
	

40 	

$ 

	

,140 	 730 

	

9 	77.000 	 ,342 	 660 

	

10 	55,900 	 .410 	 4590 
38,500 	 ,560 

68,600 	

.200 
,340 

	

,000 	 1690 

	

,180 	

$660 

,6200 

	

R 	11:988 	 ,000 	
,6A 
070 

000 

	

,000 	 $750 

	

,000 	

.440 
0350 

*480 

	

21 	68,700 	 .000 	 ,520 

	

23 	17,000 	 ,000 	 1410 

	

25 	27,400 	 000 270 

	

26 	27,200 	 ,000 	 ./50 

	

27 	56,000 	 .100 	 :700 

EACH SOIL TYPE 
	. 	 . 
SLOW IMPERVIOUS 

.7". • 

,000 	 030 
,000 	 ,080 
,000 	,060 
,000 	 050 
0 000 	 .010 

1888 	
,150 
0 000 

,000 
	 130 

,000 	 :000 
000 	 ,000 
,000 	 ,240 

,000 
,000 

000 	
:qg 
,200 

.000 
000 	

,320 
,830 

,000 

,000 
,000 

,000 	

,560 
.650 
,250 
,520 

,000 	 ,480 
,000 	 ,590 
,000 
,000 
	 .730 

1 
000 	 .200 
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50,0 
20,0 
10,0 
4.0 
2,0 
1,0 
0,5 

405,7 
615,6 
754,5 
930,1 
1060,4 
1189,7 
1318,5 

2mYEAR 
5*YEAR 
a*YEAR 
-e-YEAR 
500YEAR 

2 O0"YEAR 00•YEAR 

Table 4-16. Run 4 Annual Peak Flows and Frequency Analysis (Segment 46) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 46 FOR 	HONEY CREEK RUN 4- 
	1.mwerfoom00, 	 

WATER YEAR 	PEAK FLO ► (CFS) 
towsel..*..me 	flom.wee ww w 

YEAR MONTH DAY 
p•m, 

 

78.9 
342.4 
783.6 
736.4 

671.6 
251,2 
532.2 
614.7 
308.4 
995.0 
452.0 

5 16.3 
86,4 

383.7 
326.0 

4 7:7 
573.7 
378,6 
522.3 
249.2 
566.5 

444,7 

IT  MA R , i 
1 9 2 1 	

',: 	14  
192

2
1 	NOV, 	16 

pii MAN,  P 1M i: if 
MI FAN 9 

	

932 4A4 , 	'4 

	

930 NOV, 	6 

	

932 JUNE 	8 
933 JUNE 10 

IM W l i 
1938 23• 26 
939 JU

N 

IV141 Ao 

 

92! 
922 921 

926 

 

1931 
932 
9 3 
9 4 

 

 

  

93 
1939 
1940 
1941 
1942 

 

 

  

MEAN = STANDARD DEVIATION : 	237 ,5 

FLOOD FREQUENCY FOR FLOWROINT 46 FOR 	HONEY CREEK 

RETURN PERIOD 	PROBABILITY FLOW IN CFS 
4*. 	 

    

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 

THAN THAT INDICATED IN THE TABLE, 



IN CFS 

556.5 
790,6 
945,6 
1141,4 
1286,7 
1430.9 
1574,6 

Table 4-17. Run 4 Annual Peak Flows and Frequency Analysis (Segment 74) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 74 FOR 	HONEY CREEK RUN 
OPPMVIVM 

WATER YEAR 	PEAK FLCW(CFS) 
	

YEAR MONTH DAY 
V . Ve, . ■VVVVVVV 
	

Plomfm VimmVol •41• 

169,9 	1918 	rA,I PR. 	76  

lili 

	

1921 	 815 
421,8 
872,3 	143 AUG, 

1921 	
1
24 

	

1922 	
10331 AUG.AU6 

4 	1 92 1 
	

NOV, 	1 

	

1923 	5b6, 

	

1924 	 388,6 	1924 MAY 	27 

	

1925 	 536,3 	1924 DEC, 	8 

1 "2 	 1266;4 266.4 	
1M AUG}

;;  

	

MI 	 34:1 	1928 JULY 1. 0 
1929 MAR, 	14 

	

PM 	
279.6 
364,0 	

1930 J U LY 	17 I
933 
	.

UN 
i 	1 0  

	

M 	
53942 
M.48 	JE  934 JULY 	19 

	

935 	 207,? 	1934 CCT. 	5 

	

936 	 578.5 	1936 SEPT 29 

	

MI 	568,2 
966,9 
566,7 	

13N ildU H 

	

1939 	 1939 JUNE 22 

	

1940 	 '6)2Z: 

	

1941 	 Pt?AUG,' 	IS 

	

1942 	 446,9 	1.942 	MAR, 	20 
q. ..... • 

MEAN = 	600,0 	STANDARD DEVIATION = 	264,9 

FLOOD FREnUENCY FOR FLOwPCINT 74 FOR 	HONEY CREEK 

RETURN 	PFRTOO 

h. 	  

PROBABILITY 	FLO'4 

2'.YEAR 50.0 
5•YEAR 20.0 
10mYEAR 10,0 
25-YFAP 4.0 
50•YEAR 2.0 

1.0 
200-YEAR 200-Y EAR 0,5 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
IMMO. 	 !V WW W WW 

THAN THAT INDICATED IN THE TABLE, 
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1924 
1925 
1926 
1927 
1928 
1929 

1930  193 193/ 
1932 
1933 
1930 

1697,2 
1380,4 
1288,5 
679,5 
1019,8 
1812,5 
615,6 
195

63
2,

1
5 

 8 
468,

,
8 

490,6 
970,7 
1091,4 
851:3 
M a i 

1446,3 
885,8 
1388, 
941,2 
1064,1 

198 

1 920
9   

1921 1921 

1$7 
1938 
1939 
1940 
1941 
1942 • 

1918 APR, 
19 9 MAY 
19 0 MAR, a 
1921 AUG, 24 
1921 NOV, 46 

1924  923 FEB, 1 1 3 
MAY e7 

1925 JAN, 11 
1926 AUG, 11 
1927 FEB 	23 
1928 JULY 	10 
1929 	, MAR 	14 
1930 	MAY 	/7 

1

931 JULY 28 
932 JUNE 18 
933 JUNE 	10 
934 JU1t Y 	19 
Pt SE O 4  29 
937 JA 17 
1938 JUNE 25 
1939 JUNE 22 
1940 SEPT 
1941 	AUG, 
1942 MAR, 20

3  

Table 4-18. Run 4 Annual Peak Flows and Frequency Analysis (Segment 76) 

ANNUAL PEAK FLOWS FCR SEGMENT ND, 76 FOR 
0.•siP ■•••• ■ ,/^ 41. 	 PP 	  

HONEY CREEK RUN Al-
op • 0.• • 	 

WATER YEAR 	PEAK FLOW(CFS) 
	

YEAR MONTH DAY 
0.'0 
	

P.,010 . *Ps 

MEAN = 1028,8 
	

STANDARD DEVIATION = 
	

1146,8 

FLOOD FREGUFNCY FOR FLOWPC/NT 76 FOR 
	

HONEY CREEK 
e...../...61.•••••••••••• 	 

RETURN PERIOD 
•• ■••••••••••• 

P 	_ 	'PPP 	 

PROBABILITY 
ruilptsr•IP.••••• 

PLOW 	IN CFS 
0. ■Pg4 0.0,0100. 1.1, 11 

2e, YEAR 50,0 955,4 
5PYEAR 20,0 1350,3 
10,YEAR 10

4
,0 1611,7 

25.RYEAR ,0 1902.0 
50 , YEAR 20 2187,0 

1000, YEAR 1
,
,0 2430,3 

200mYEAR 0,5 2672,6 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 

THAN THAT INDICATED IN THE TABLE, 
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Table 4-19  

Specifications for Storage Segment 73  

Storage Discharge Elevation Head Surface Area 
(Acre-feet) (CFS) (Feet-MSL) (Feet) (Acres) 

0 0 825 0 0.40 

2.23 45.9 827.5 2.5 1.38 

7.42 105.3 830.0 5.0 2.98 

28.83 1264.3 835.0 10.0 7.98 

Specifications for source areas and channel segments were the 

same as simulation No. 2. Tables 4-20 through 4-22 show annual 

peak flows and frequency analyses for the same reaches as in sim-

ulation No.1. Comparison of this simulation with simulation num-

ber 2 for reach No. 74 shows that the storage segment reduced the 

peak flow of the 2-year flood by 25% and the 100-year flood by 19%. 

In segment 76, the 2-year flood was reduced by 6% while the 

100-year flood was reduced by 3%. 

6) Simulation of Proposed Development "Windswept" 

This development scheme as shown on Figure 4-6 simulated con-

ditions that would exist if land lots 151 170, 183, 171, 182, and 

203 were developed with single family residences. The development 

was assumed to have 20% impervious area. Table 4-23 shows specifi-

cations for source areas. Channel reaches were assumed to remain 

in their present condition. Tables 4-24 through 4-26 show annual 

peak flows and frequency analyses for same reaches as for simulation 

1. Comparison of this development scheme with existing shows, for 

reach 76, a 19% increase in the 2-year flood flow and a 9% increase 

in the 100-year flood. 
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Table 4-20. Run 5 Annual Peak Flows and Frequency Analysis (Segment 46) 

ANNUAL PEAK FLOwS  FOR SEGMENT NO, 46 FOR 	HONEY CREEK RUN 5-  

wATER YEAR 
	

PEAK FLOW(CFS) 	YEAR MONTH DAY 
---- U . _-w eg.0 

	

1918 	 198,2 	1918 	APR, 	7 

	

3g1 
	

469,4 	13 919,8 
ig0: 	

1 (01  '1.N. 	Ji 
92 	 1921 	AUG, 	24 
922 

	

923 	 757.0 	1321 
NOV.': 	0 

	

1924 	 448,7 1M 

	

6014,3 1925 
	MAY 	a 

	

1926 	 1147,5 	1926 	AUG: 	11 

	

Pig 	
362,9
155, 11 	

1927 	FF8, 	23 
1928 JULY 	10 

	

929 	 524,8 	1929 PAR, 	14 

	

1199331 	 3
0 	

2715,649 
1 	

la JULY 17E 

	

ili 	

650,4 i 	JUNE 4 
9' 	 228,5il 	193

m 
 4 Ws  1 5 

	

1936 	 612,5 	1936 SEP1 	29 

	

1937 	 548,3 	1937 	APR,. 29 

1
938 903,9 1938 JUNE 25 

1 Q39 621,7 1939 JUNE 22 

	

1940 	 873,0 1940 	SEPT 	tP. 

	

1941 	 627.0 

	

1942 	 630,6 	iltl 
AU G .,, P) . 

MEAN : 	638,2 	STANDARD DEVIATION e 	268 0 2 

FLOOD FREQUENCY FOR PLOWPOINT 46 FOR 
	

HONEY CREEK 

RETURN PERIOD 	PROBABILITY 	FLOW IN CFS 
OP 	 • 

YEAR 

din 

200.YEAR 

50,0 
20,0 
10,0 
2.0 
0,5 

594,2 
831,2 
988
86

,p 
11,$ 
1333,6 
1 4 79, 6  1625,1 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
IF IP fo_ 

THAN THAT INDICATED• IN THE TABLE, 
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326: 

5p:g 
38M 

550,6 

3 4 7,9 

liA:1 890 
67.9 

Table 4-21. Run 5 Annual Peak Flows and Frequency Analysis (Segment 74) 

ANNUAL PEAK FLOWS FOR SEGMENT NO, 74 FOR 	HONEY CREEK RUN 4: 

WATER YEAR 

1918 

1920 
1921 
1922 
1923 
1924 

930 
1931 

p 3ii 94 
'235 

1939 
1940 
1941 
1942 

PEAK FLOw(CFS) 
....... • 

90,1 
306,6 
647,2 
825,3 

721 4J 
445,6 
693,6 
520,0 
389,6 

YEAR MONTH DAY 
.... . .. . . •.. 

IM ro 4, 1i 
1921 	AUG, 	24 

133i 	EX: B 
Mg 5N, fl 
1926 T o  

iiii M! 12 193
0 

MAY 	Yi  
193c JUNE 	18 

I iii JULYB 
M hq li 
1M ini ig 
1?)'41 41: P) 

MEAN = 	452,3 	STANDARD DEVIATION = 	226,3 

FLOOD FRFOUENCY FOR FLOWPOINT 74 FOR 	HONEY CREEK 

RETURN 	PERIOD 
s +4 	  

*Y :AR 
*YEAR 

lOwYEAR 
25YfAR 
50•YEAR 
100wYEAR 
200*YEAR 

	  P•P 	  

PROBABILITY 
	P 

10:V 
1 ° 8 
1,0 

* 5  

FLOW 	IN 	OFS 
	 0 

415
5
,1 

6 	,0 
7 	7. 4  
038
9i4.7  
1, 
1162,

8
0 

1284,7 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
*** 	 0.0 	 

THAN THAT INDICATED IN THE TABLE, 
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Table 4-22. Run 5 Annual Peak Flows and Frequency Analysis (Segment 76) 

ANNUAL PEAK FLOWS PCR SEGMENT NO. 76 FOR 
P T.SS W ID W U ,S .. 4. 1.0 .0, 11 0 • 11.10 . . 1100 	• 	 

HONEY CREEK RUN E5 
wA mmm 

WATER 'YEAR 
r op 	  

192 192 

933 

189 
194 

ZiA 1936 
193 

PEAK FLOw(CFS) 

318,9 

; 

145:; 
1 '0141 
e0i2: 
672.3 

2002,2 
879,4 
q17. 44 

119 

91.1 

862, 

1 31 6$;
5  

114 :1 
ii;:g 1137,8 

,...... 

MEAN 	1125,3 

YEAR MONTH DAY 
op•• 

118 APR, 	7
9 MAR' 

 11 M NOV, 

1
929

1

924 MA
X
Y' 27 

925 AUG,11 
926 AUG,  
1927 FEB 	

1 

	

, 	, 3 
98 JULY 10 

	

 MAR, 	14 
930 

MUY Y 
 n 

JUN E 18  
1933 JUNE 10 
1934 JULY 1 

1 934 OCT 93 	SEPT 2 96 
37 ARR t  29 

$938 JUN 	5 
1939 JUN 	? e 
19110 	SEPT 	14 
1941 	AUG, 	13 
1942 MAR, 20 

STANDARD DEVIATION = 	480,2 

FLOOD FREQUENCY FOR FLOWPOINT 76 FOR 	HONEY CREEK 
mm 	 

RETURN PERIOD 	PROBABILITY 	FLOW  IN CFS 
Pmf, •m Wama.q. 

*Y AR 
*Y AR 
'Y 

 0:. .AR 

188:4N 

PJ:8 10.0 
4,0 
2,0 

46,4 10 
1470,7 
1751,7 
2106,7 
2370,1 
2631, 
2891,9 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
wow 

THAN THAT INDICATED IN THE TAMLE4 
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* 130 
,OSO 
q80 

'108 
:390 
* 200 
,200 
1 200 
,220 
9 280 
,460 
,330 
4 000 

# 2  
180 

.210 

IN° , 	0 
,350 
.290 
,200 
,200 

Table 4-23. Specifications for Area 
Segment for Run 6 

SPECIFICATIONS FOR SOURCE AREAS 

FRACTION OF AREA WITH EACH SOIL TYPE 

        

NUMFER APEA , ACRE RAPID 	MODERATE 	sLow IMPERVIOUS 

 

• 

      

       

	

00 	 ,070 

	

1 	78, 	 :ggg 	
,000 7 

65,000 .060  ,000 

	

3 	50,400
4 	

,000 

	

4 	48,400 	 ,1111g 	
,780 
,460 	 ,000 

	

5 	41,1 
95000 
	 . 4 Q 0 	 ;390 	 ,000 

	

6 	 00 

	

40,800 
	 •330 	 1 450 	 4 000 

	

Z 	143,800 	
TO 	 1 480 	 0 00 
, 30 ,660 	

0 
,000 

	

9 	,,q8 :IN 
	,550 „4/0 	,000 •000 

f 

	

10 	31 	
,5 0 	 ,450 

	

3 	
§81

0 

 0 

	

54,5 0 	
:e70 	 ,530 	 :88i 

	

14 	68,600 	 1R8 	,620 	 ,000 ,180 
	

,800 ,00 

	

15 	36,000 	 ,780 	 ,000 

	

16 	24,300 	 ,000 	 4 740 	 ,000 

	

17 
	115, 	 4,000 	 000 

	

ba
600

,e 0 	 ,670 	 ,00Q 

0 

	

9 	
34,0 0 

	

39,J 
	 .000 	

1 540 	 , 

:0 0 	
1,000 	 4 000 

000 

	

21 	17,0p40 
0 

,700 

	

;:P488 	
.000 „000 	

4 930 	 , 
1 65 	 4 000 

	

25 	
27,P00 	

tf'500 	 ,000 

	

26 	 :Ug 	 •
710 

1,800 	
,000 
.000 

	

27 	56,000 	 ,100 	 ,700 	 .000 
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Table 4-24. Run 6 Annual Peak Flows and Frequency Analysis (Segment 46) 

ANNUAL PEAK FLOWS FCR SEGMENT NO. 46 FOR 	HONEY CR, RUN NO 

WATER YEAR PEAK FLOW(CFS) 	YEAR MONTH DAY 

   

WW ■ ft ern1100,41P TRU 

   

	

1918 	 120,5 	1918 APR, 	7 

	

PP 	834,8 	1 
384.8 

311 %Z MAR, 

	

1921 	 836,5 	1921 	AUG. 	24 

	

1922 	 689,5 	1921 NOV. 

	

 
1923 	 705,1 	1923 FEB, 	3

6 
 

30 , 5 

	

13i# 	 9  

	

5. . 	 Mt 	;:4 	l i 

	

1926 	 924.0 	1926 	AUG,,, 	11 

	

13i; 	
328,5 

	

/053.9 	ilil JULF ,  ifi 

	

1929 	 476,4 	1929 MAP, 	14 

	

1930 	 207.2 1930 W 

	

1931 	 JULY 

	

ri 	
176.6 
47,8 

	

i'41,8; 

	1 932 JUNE 	p 

	

934 	 T V' 19 

	

T 	
Viq 

	

63. 	 9 6 	Pf 2 9 7 ARR. 29 

	

9 7 	 495,3 

	

670,5 	938 JUN E E 25 

	

1939 	 456.9 	1939 JUNE 22 

	

1940 	 645.4 	1940 SEPT 	10 

	

1941 	 381.1 	1(141 AUG.  g) 

	

1942 	591,0 ....,... 
MEAN .s 	510,5 	STANDARD DEVIATION I: 	242.0 

FLOOD FREQUENCY FOR FLOwPOINT 116 FOR 
	

HONEY CREEK 

RETURN PERIOD 	PROBABILITY 	FLOW  IN CFS 

2"YEAR 
5"YFAR 
10"YIAR 
2"Y.AR 
50
5

Y 'AR 
100"YEAR 
200-YEAR 

470,8 
684,6 
826,2 
100,1 
1137,8 
1269,6 
1400.8 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
PO PR MI 

THAN THAT INDICATED IN THE TABLE, 
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Table 4-25. Run 6 Annual Peak Flows and Frequency Analysis (Segment 74) 

ANNUAL PEAK FLOWS FCR SEGMENT NO, 74 FOR 	HONEY CR, RUN NO C, 

WATER YEAR PEAK FLOW(CFS) 	YEAR MONTH DAY 
0 

  

sapfta, MM.M. MO. 

  

1918 

1" 923 
1924 
1925 

9 
1931 
93? 
93 

93S 
934 

936 
1937 
1938 
1939 
1940 
1941 
1942 

olP 

MEAN = 

109,8 
329,3 
735,7 
818,6 
653,1 
506,4 
2 8 0,1 
377,8 
838,4 
229.7 
895,4 
347,6 
197.6 
196,4 
405,6 
515,4 

1
407,1 
142,0 
405,2 
441,2 
690,6 
355,1 
654,9 
411,3 
409,4 

1918 	APR, 	7 
1919 MAY 	6 

Ili? 	174 
MI 41: p 
1924 MA 
1925 	JAN. 	11 
1926 	AUG. 	11 FEB1927 
928  

13C3 %, I# 
14D 	ig 
1933 JUNE 	1 

1
0 

1934 J ULY 	? 
1934 OCTCT. 
1936 	EPT 29 
1937 JUNE 	17 

131; 	i2 1940 	SEPT 	10 
1941 	AUG, 	13 
1942 MAR, 20 

1926 

19 ? _ 

454,1 	STANDARD DEVIATION = 	221.7 

FLOOD FREQUENCY FOR FLOWPCINT 74 FOR 	HONEY CR, 

RETURN PER/OD 	PROS ABILITY 	FLOW IN CFS 
OP 	• 	 

50,0 ► 17,7 
20.0 613.6 
10,0 
4,0 7 4 3,3 

907.2 
2,0 1028,8 
1.0 1149.5 

1269.8 

2-YEAR 
5-YEAR 

2 O•YEAR 5-YEAR 
50-YEAR 
100•YEAR 
200-YEAR 

* 
PERCENT CHANCE IN ANY YEAR Of GETTING A FLOOD r,RFATFR 

• asIM 

THAN THAT INDICATED IN THE TABLE, 
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Table 4-26 Run 6 Annual Peak Flows and Frequency Analysis (Segment 76) 

ANNUAL PEAK FLOWS FOR SEGMENT NO. 76 FOR 	HONEY CR. RuN NO 6, 
r. 

WATER YEAR 	PEAK FLOW(CFS) 
p.mg► ■ f•mrdow .or wr 

	 P a p ftW om eww w 

YEAR MONTH DAY 
mu. MMMM• 

1911 
	 265,0 

	

7 3 7,6 	1919 
	APR, 	1 

	

920 MAR, 	12 
IL? 	

1568.9 

	

1622.7 	1921 	AUG. 	24 
1922 	 1342,5 	1921 	NOV. 	16 
1923 	 1292,3 
1924 	 643,8 
	1923 FEB,i 	P  

1925 	 1019,6 
/926 	 1761.4 	

1925 	JAN, 
1927 	621 0 0 	1927 FEB, 	to 

PI 	
939.6 

1963.6 

W 	31 

	

:T 	11 ;IN ,  0 
93 	JULY 93 	 3 9.1 

IB3 

	

964,0 
	1932 JUNE 	18 

1933 JUNE 10 
1934 	 737.2 	1934 JULY 19 

PB 	
4P

:  9
1 

9 4 	
nig EPf A 
1937 APR. 29 

1938 1346.6 1938 JUNE 25 
1939 

	

880,2 	1939 JUNE 22 
1940 1289,3 

830,4 
1940 SEPT

A 	li 
1%1 	 1076.1 	1942 MAR, 20 

p 

MEAN = 	990,8 	STANDARD DEVIATION 

FLOOD FREQUENCY FOR FLOWPOINT 76 FOR 	HONEY CR, 

RETURN 	PERIOD 	PROBABILITY 

2"YEAR 
"YEAR 
iQ"YEAR 
"YEAR 

50'.YFAR 
100..YEAR 
?00-YEAR 

. 	P 	PPP 	  

50 ,0  
,0 

n. 
2,0 
1,(1 
0.5 

FLOW 	IN 	CFS 

917.6 
1311,5 
1572,3 
1901,7 
2146,2 
2388.8 
2630,6 

PERCENT CHANCE IN ANY YEAR OF GETTING A FLOOD GREATER 
P.M 

THAN THAT INDIcATH) IN THE TABLE, 

445.7 
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V. Summary and Conclusions  

It was found that all development schemes had a greater effect 

on the more frequent floods than the larger, less frequent floods. 

Increases in the 2-year flood at the lower end of the study, reach 

76, ranged from 19% to 45%. The 100-year flood increased from 9% 

to 24%. 

The inclusion of a storage segment on a tributary in the lower 

part of the watershed showed that the storage reduced the mean 

peak flow in the tributary by 25% but decreased the flow down-

stream on the main stream of Honey Creek only 1%. Table 4-27 

summarizes the results of the simulation runs for reaches 46, 

74, and 76. Each projected development pattern can be compared 

with existing development. Table 4-28 shows the results of 

placing a storage segment upstream of reach 74. 
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Table 4-27 

Summary of Simulation Runs with No Storage 

Simulation Reach 46 Reach 74 Reach 76 
Discharge (CFS) 

2-yr. 	100-yr. 

Discharge (CFS) 

2-yr. 	100-yr. 

Discharge (CFS) 

2-yr. 	100-yr. 

Existing Develop-
ment 

406 1190 367 1057 771 2195 

Complete Develop-
ment 

594 1480 557 1431 1116 2723 

Lower Half 406 1190 557 1431 955 2763 
Development 

Upper Half 594 1480 367 1057 943 2444 
Development 

"Windswept" 471 1270 418 1150 918 2389 
Development 

Table 4-28 

Summary of Simulation Runs 

With and Without Storage Segment 73 

Simulation Reach 46 Reach 74 Reach 76 
Discharge (CFS) Discharge (CFS) Discharge (CFS) 
2-yr. 	100-yr. 2-yr. 	100-yr. 2-yr. 	100-yr. 

Complete Develop-
ment 

594 	1480 557 	1431 1116 	2723 

Complete Develop-
ment with storage 

594 	1480 415 	1162 1046 	2632 

Segment 73 
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SECTION 5 

Womack Creek 

I. Physical Attributes of Watershed  

a. Location  

The headwater area of Womack Creek is examined in this study. 

The stream rises near the intersection of Mount Vernon and Chamblee-

Dunwoody roads in Northwest DeKalb County and flows southeast to 

join Nancy Creek. Most of the area enclosed by Mt. Vernon, Vermack 

and Chamblee - Dunwoody Roads drains into the Creek (Figure 5-1). 

b. Size  

The watershed has a total area of 420 acres, most of which is 

developed as single family residential units. Womack Road, the only major 

road passing through the watershed, crosses the Creek and its tributaries 

at five places. Tributaries are also crossed at seven other places 

by streets serving residential units. Table 5-1 lists the drainage 

areas and culvert sizes at these crossings. 

c. General Drainage Patterns  

As shown on Figure 5-2, about 80 percent of the watershed is 

developed with most of the undeveloped areas located along the roads at 

the watershed divide. The major drainageways remain natural channels. 

Main stream channel widths vary from about 23 feet at the lower end 

of the study area to about 2 to 3 feet in the upper reaches. The main 

channel has a length of about 6100 feet from the divide in subwatershed 

number 4 (near Mr. Vernon Road) to the lower study limits. The main 

stream flows southeast along the western boundary of the watershed and 

then east along the south boundary where three major tributaries join 

from the north. 
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Road Crossing 

Drainage 

TABLE 5-1 

Areas at Road Crossings 

Drainage Area (Acres) Bridge Opening 

Womack Road - 1 45 

Womack Road - 2 9 

Womack Road - 3 45 

Womack Road - 4 66 

Womack Road - 5 16 

Springfield Dr. 
(U/S of confluence) 22 

Springfield Dr. 160 two 5' dia C.M.P. 
(D/S of confluence, S44)** 

Courtleigh Dr. 	(S38) 84 6.5' 	dia C.M.P. 	partly 
silted. 

Cambridge Dr. 	(S48) 266 two 6' dia C.M.P. partly 
silted. 

Parliament Dr. 23 * 

Leeds Court 30 * 

Leeds Way (S34) 110 5.5' 	dia, 	C.M.P. 

* Drainage areas at these crossings are small for the size of low relative 
to the bridge openings, and no backwater storage effects occur. 

** For locations of S34, S33, S44 and S48, refer to Plate 1. 
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Figure 5-2. Map of Land Use for Womack Creek 
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d Other Studies  

The U. S. Army Corps of Engineers completed a special Flood Hazard 

Information Report including the Nancy Creek Basin in DeKalb County in 

October, 1971, but the coverage did not extend into the Womack basin. 

e Current Land Use  

The area is about 80 percent developed. Most of the development 

is single family residences, but a small area is developed for commercial 

use in the extreme northwest portion of the watershed. Subwatershed im-

pervious areas range from 5 to 25 percent of their total areas. 

f Projected Land Use  

The patches of undeveloped land remaining in various parts of the 

watershed were projected to be developed for single family residences except 

for portions of subwatershed 4 which were projected for commercial develop-

ment. Although parts of subwatersheds 16 and 17 could be developed for 

commercial uses or part of subwatershed 4 for residential use, the above 

projection provides a quick and reasonable approximation. 

II. Map of Subwatersheds.  

Figure 5-1 shows the overall drainage pattern, stream locations, 

and basin subareas. The watershed area was subdivided for analysis into 

17 subwatersheds, and the drainageways were divided into 10 channel seg-

ments. The culverts on Leeds Way and Courtleigh, Springfield and Cambridge 

Drives are likely to cause some backwater effect. The drainage areas at 

the other culverts (Table 5-1) are small and the culvert sizes are suffi- 

cient to cause little detention of storm runoff. A schematic diagram of the 

segments is shown in Figure 5-3. 

III. Drainage Problems.  

The drainage problems in the area are concentrated in the general 
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area of the intersection of Courtleigh with Cambridge Drive as shown 

on the sketch in Figure 5-4. The flood of June, 1974 overtopped the 

Cambridge Drive culvert (Point B). The house at Point A had 3 feet 

of water at its back and 1 foot at its front. Two 72" corregated 

metal pipes at Point D were one third filled with silt at the time 

surveyed. There was some erosion at Point D. A courtyard flooded 

at House H. The creek appeared to be silting at Point C but eroding 

at Point E. The channel is constricted at Point F. At Leeds Way the 

channel is badly eroded (see Point G). 

IV. Description of Simulation Runs  

1. Existing Development and Channel System  

The initial simulation sought to determine flood flows and flood 

stages with the existing land use and flood stages in the watershed. The 

specific purpose was to estimate expected flood levels for various return 

periods at the problem locations. Table 5-2' shows the specifications for 

the source areas, channel segments, and the four storage segments. Table 

5-3 shows the frequency analyses for channel segment 35, storage segments 

48. The culvert on Cambridge Drive (Road elevation 980.0) is over- 

topped by a 10-year flood and that the 100-year flood crosses the road 

at a depth greater than 1.0 foot. The results for Reach 35 indicate 

that the 25-year flood has a depth of water of 4.1 feet and that the 

100-year flood flows at a depth of 4.5 feet. The maximum depth of 

water than can be contained within that channel is only about 3 feet. 

2. Projected development and existing channel system  

This simulation is based on complete watershed development and 

on an assumption that the current channel system will remain unchanged 

from present conditions. The projected development for subwatershed 4 
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Figure 5-4. Map of Problem Areas on Womack Creek 
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Table 5-2. Specifications for Source Areas and Channel Segments for Run 1 

SPECIFICATIONS FOR tounr AREAS 

NUMSER APEAeACRE 

FRACTION OF AREA 'WITH EACH 5014 TYPE 
AlPrreer.“ 	. 	. 	 m mmo 	. . 
RAPID 	MODERATE 	 $L0 11 INRERYICUS 

P 12. ..ft M1‘mr! me6 90 .mfIrl'e flmmtb miel.t o ri MM...erlte r!!• 

 

	1, 1"15 •• ■". 01".• 4". P".•...?" 

 

.1 	36,000 	,000 	.800 	,000 	,200 
2 	16.000 	.000 	 900 	.000 	' 100 
1 	 .01 
44 	PI 	0 

N 	
:p 	

I 
1H, 	:888 	gE 

el 2620 	44 02 	:epg 
84 

'2 
:750 	.00o 	,2.) 

it): 0 
14,70 

88 	88 8  •
4v 

	

:8 	.750 	 8 .750 	:88 	j!50 

1i 	
88 n41 

15:100 • 	
188 • 

	

.8000 	
q ■Q 8 	:888 	,e0 

, 	:800 .000 	

:?5
250 

8 

.?00 1J: 
 2Q. 
q :888 

48 	
4 95 

8 	
:HI 
.75 	

1 00  88 „ 
° 4  0000 	
tE8 
34 

!! 	
2,. 0 

1.700 
0Q 

11.4 	
00 

	

,000 	
.750 
.900 	:888 	:250 000 

OECIFICATIONS FOR. tHANNEL 'SEGMENTS 
Olef,M0mIlew  	 . 

140116ER 'TYPE 	tENGTH ,47 	"SLOPE 	ROUGHNESS 
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Table 5-3. Flood Frequency for Segments 35 

and 48 on Womack Creek 

Return 	 Flood 	Water Surface 
Period 	Probability of 	Flow 	Elevation 
(years) 	Exceedance (%) 	(cfs) 	(feet) 

Segment 35  

2 50 130 3.1  

5 20 190 3.6 

10 10 230 3.8 

25 4 280 4.1 

50 2 320 4.3 

100 1 350 4.5 

Segment 48 

2 
2 50 250 976.9 

5 20 360 979.3 

10 10 440 980.3 

25 4 530 980.8 

50 2 600 981.1 

100 1 670 981.3 

1 
From bottom of channel. 

2From mean sea level. . 
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is commercial with the rest of the watershed residential. It is 

assumed that 25% of the residential development and 100% of commer-

cial development will be impervious. Comparison of existing develop-

ment with projected development shows, for segment 48 (at the culvert 

on Cambridge Drive), a 27% increase in the 2 -year flood and a 19% in the 

100-year flood. These increases would cause about a one-foot increase 

in elevation of the 2-year flood and about a 0.3 foot increase in the 

100-year flood. With the projected development a 5-year flood would 

overtop the culvert. The flow in Reach 35 increases by less than 5 

percent, and stages increase by less than 0.1 foot. 

3. Conclusions  

Several alternatives to reduce the flooding around the 

Cambridge Road area remain to be tested with the model. Enlargement 

of the culvert at Cambridge Drive and some channel improvements above 

and below the road are possibilities that may offer some relief. The 

erosion and sediment problems are a result of the channel system 

readjusting to the new land use on the watershed. Efforts at bank 

stabilizations and better energy disipation at culverts could help 

with some of the problems. 
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SECTION 6 

West Branch Snapfinger Creek 

(Susan Creek) 

I. Physical Attributes of Watershed  

a. Location  

The west branch of Snapfinger Creek, which was examined in 

this study, rises in the western part of the city of Clarkston and flows 

southeast until it joins a tributary which drains the northeast portion 

of the study area. The creek then flows south until it reaches DeKalb 

Junior College and Technical High School where it makes a sharp bend to 

the left to pass under Memorial Drive (Figure 6 -1). Section 6 deals with 

the drainage problems upstream from Memorial Drive,and problems further 

downstream are discussed in Section 7. 

The area enclosed by Ponce De Leon Avenue on the north, 

Memorial Drive on the south, Rays Road on the East, and the Indian Creek 

Road on the west drains into the creek. 

b. Size  

The watershed has a total area of about 1200 acres, 23 

percent of which is impervious. Six roads cross the creek or its major 

tributaries. Table 6-1 lists the drainage areas and the size of the 

culverts at these crossings. The capacity estimates are culvert dis-

charges under the head at which flows just begin to overtop the road. 

c. General Drainage Patterns 

The drainage configuration is shown on Figure 6-2. About 

85 percent of the basin is developed, and the drainage is in natural 
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TABLE 6-1 

Drainage Areas at Culverts 

Road 	 Drainage Area 	Culvert 	 Capacity 
(Acres) 	Description 	 (cfs)  

Norman Road 
	

327.4 	 The area drains into Storages 
38 and 39 which have multiple 
outlets draining water into 
Reach 40 (Figure 6-1) 

Norman Rd. (on trib.) 	153.4 
	

1-54" Circular Pipe 	393 
(S32) 	 1-48"x42" Elliptical Pipe 

Cunlieth Rd. 	 437. 	 2-84"x72" Rectangular *not simulated 

Holly Hedge Rd. 	257. 	 2-72"x60" Rectangular *not simulated 

Memorial College Ave. 1038. 	 2-120"x96" Rectangular *not simulated 

Memorial Dr. (S52) 	1200. 	 2-96"x96" Rectangular 	1743 

*Culvert size is large enough so as not to cause potential backwater 
effect. 
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channels. The main channel has a length of about 8500 feet from the 

point it leaves subwatershed 8 to Memorial Drive. The tributary in the 

northeast portion of the basin has a length of 3600 feet from the point 

it leaves subwatershed 1 to the junction. The channel width varies 

from about 10 feet in the upper reaches to about 20 feet in the lower 

reaches. Almost complete development of the basin (about 95%) and the 

relatively flat slope of Reach 49 have contributed to the flooding. 

d. Other Studies  

The U.S. Army Corps of Engineers completed a Flood Plain 

Information Report on the Snapfinger Creek flood plain in March, 1968, 

but only a small portion of the West Branch flood plain is included in 

that study. The mapped 100-year flood plain in Corps'study indicates that 

the culvert on Memorial Drive can safely pass the 100-year flood and the 

flood waters extend to about 150 to 250 feet on either side of the 

Creek in Reach 49. 

e. Current Land Use 

As of 1975, 85 percent of the watershed has been developed. 

Multi-family apartment complexes, DeKalb Junior College, and Technical 

High School occupy the Southern part of the Watershed. Single family 

houses on quarter to half acre lots occupy most of the remaining area. 

Some commercial property and a multi-family apartment complex are also 

located along Ponce De Leon Avenue in the northwestern portion of the 

watershed. Subwatershed impervious percentages range from 5 to 70% 

of their total area. 

f. Projected Land Use 

It is expected that the patches of undeveloped land remaining 
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in various parts of the watershed (Figure 6-1) will be eventually 

developed. It is projected that the undeveloped areas located along 

major roads will be developed as multi-family apartment complexes and 

commercial property and the interior areas as single family houses. 

II. Map of Watershed  

Figure 6-1 outlines the total watershed and the sub-areas 

into which it is divided for analysis. Major drainageways are shown and 

divided into channel segments. Two road crossings listed in Table 6-1 

involve culverts small enough to have a potential backwater effect, and 

a storage segment was added for each. In addition, the storage effects 

of two existing lakes (S-38 and S-39) and an existing reservoir ( S-46) 

were modeled. A schematic diagram of the segments of all three types is 

shown on Figure 6-2. 

III. Drainage Problems  

The drainage problems in the watershed are concentrated in 

the area immediately upstream of Memorial Drive at Point A, Storage 52, 

Reach 51, and Reach 49 as shown on Figure 6-3. Approximately 5 businesses 

in this area were flooded during the June, 1973, floods. The bicycle shop 

on left bank was flooded to a depth of 9 inches over the main floor, and 

flood proofing efforts by the owner probably reduced the depth over 

what it was outside. The small manmade channel with vertical sides down-

stream from the junction of Reaches 49 and 51 constricts the flow, con-

tributes to upstream backwater storage, and is frequently overtopped. 
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Memorial Drive was not overtopped in June, 1973, and downstream condi-

tions do not create any backwater upstream of Memorial Drive. 

A small retention structure was located about 100 feet upstream 

of Memorial College Avenue (See point B on Figure 6-3). 

Specific problems studies were 

1) Extent of flooding in the problem areas with current development and 

channel conditions, 

2) Overtopping culverts within the watershed, 

3) Potential aggravation of the problems by additional urban development, 

and 

4) Reduction of the present flooding problem by improving channels and 

adding storages. 

IV. Description of Simulation Runs. 

1. Existing Development and Channel System  

The initial simulation sought to determine flood flows and flood 

elevations with the existing land use and channel conditions in the 

watershed. The specific purpose was to estimate expected flood levels 

for various return periods at the problem locations and near the culverts 

and storages. Table 6-2 shows the specifications for the source areas, 

channel segments and storage segments. Table 6-3 shows the results of the 

flood frequency analysis for storage segments 46 and 52. Results for 

other storage segments are not shown in this report, but they were 

examined and found not to pose a problem. 

The results indicate that the storage provided by the retention 
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Table 6-3. Floods for Segments 46 and 52 on West Branch 

Snapfinger Creek With Existing Conditions 

Return 	Probability of Exceedance (%) 	Flood 	Water Surface 
Period 	 Flow 	Elevation 
(years) 	 (cfs) 	(feet)  

Segment 46 

1 
2-year 50 660 908.9 

5-year 20 1040 909.2 

10-year 10 1300 909.4 

25-year 4 1620 909.6 

50-year 2 1850 909.7 

100-year 1 2090 909.9 

Segment 52 

50 830 897.5 1 
2-year 

5-year 20 1200 900.1 

10-year 10 1440 901.9 

25-year 4 1760 904.4 

50-year 2 1990 905.1 

100-year 1 2210 905.3 

1
From mean sea level. 
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structure upstream of Memorial College Avenue is not effective in re-

ducing downstream flood peaks because of its small storage capacity. 

As shown by Table 6-3 the spillway crest elevation of 908.5 is over- 

topped by a 2-year flood by 0.6 foot and by a 100-year flood by 1.6 feet. 

Water spills over a length of about 350 feet. Memorial Drive is most 

likely to be overtopped at a saddle point of elevation 904.5 on the 

road to the right of the culvert by floods exceeding a 25-year return 

period. The depth of water over the road during these floods ranges up 

to 0.8 foot for a 100-year flood. At these elevations, large areas 

would be inundated upstream. 

2. Projected Development and Existing Channel System  

This simulation is based on complete watershed development and 

an assumption that the current channel system will remain unchanged 

from present conditions. Table 6-4 shows the projected specifications 

for source areas. Table 6-5 shows the results of the flood frequency 

analysis for the same segments as the first simulation. Comparison of 

existing development with projected development shows, for segment 52 

(near the culvert on Memorial Drive) a 10% increase in the 2-year and 

a 2% increase in the 100-year flood discharges. With the projected 

development, a 25-year flood would overtop the road. At segment 46 

(retention structure upstream of Memorial College Avenue), increases 

of 44% and 27% in the 2-year and 100-year discharges, respectively, 

were found with an increase of 0.2 and 0.3 foot in 2-year and 100-year 

elevations respectively. 

3. Hydrologic Analyses of Remedial Measures based on 1928 Storm  

In order to develop the hydrology required to evaluate remedial 
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Table 6-5. Floods for Segments 46 and 52 on West Branch 

Snapfinger Creek With Future Development 

Return Probability of Flood Water Surface 
Period Exceedance (%) Flow Elevation 
(years) (cfs) (feet) 

Segment 46 

2-year 50 950 909.0 1  

5-year 20 1410 909.5 

10-year 10 1710 909.7 

25-year 4 2090 909.9 

50-year 2 2370 910.0 

100-year 1 2650 910.1 

Segment 52 

50 910 897.0
1  

2-year 

5-year 20 1270 900.3 

10-year 10 1510 902.8 

25-year 4 1810 904.8 

50-year 2 2030 905.2 

100-year 1 2250 905.3 

1
From mean sea level. 
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measures for dealing with the flood flows were simulated for the storm 

event producing the largest flows in the problem area for all the 

previous simulations, the event of July 10, 1928. The remedial 

measures considered were 

1) Enlarge the existing detention structure just upstream of 

Memorial College Avenue, 

2) Provide a detention structure about 300 feet upstream of 

Memorial Drive (Figure 6-4), 

3) Combine these two storages if each singly is not adequate. 

Simulation runs made with each of the measures mentioned above. 

The changes in input necessary for each run are the size of the outlet 

works for storage segments 46 and 49 and conversion of reach 49 to 

storage 49. The specifications for source areas and channel segments 

are the same as those under Run 1. The specifications for the finally 

selected storage capacities at segments 46, 49, and 52 are shown in 

Table 6-6. 

The purpose of the first series of runs was to explore whether 

enlargement of the detention structure just upstream of Memorial College 

Avenue would provide adequate protection downstream. The topography 

revealed that the water level behind the detention structure could rise 

to 913.0 with no damage to property. However, a series of 5 runs 

indicated that with storage at segment 46 and  a design water surface 

elevation of 913.0, the flows released would still inundate large areas 

near segments 49, 51 and 52. Hence, enlargement of the detention struc-

ture just upstream of Memorial College Avenue alone would not provide the 
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Figure 6-4. Locations Map of Proposed Dam 

165 



Table 6-6. Specifications for Storage 
Segments for Detention Dams 

SPECIFICATIONS FOR STORAGE SEGMENT 46 
	..•. 

STORAGE 
(ACRE-FEET) 
 • 

DISCHARGE 
(CFS) 

ELEVATION 
(FEET.MSL) 

HEAD 	SURFACE AREA 
(FEET) 	(ACRES) 

000 .000 900.500 •00 0  .000 
.250 74.742 903,000 2.500 .200 
.700 123.810 904.000 3.50 0  .400 

1,048 180. 498 905.000 4,500 .593 
2.041 243.892 906.000 5 .500  1.250 
3,876 289.242 907.000 6.500 2,890 
7,41g 310,696 908,000 7,500 3,300 
8.950 320.885 908.500 8.000 4,200 
11,620 444.454 909.000 8,500 5,140 
17,056 949.236 910.000 9 .500  7 .654 
45,644 3529.910 913.000 12.500 15.270 

SPECIFICATIONS FOR STORAGE SEGMENT 49 

STORAGE DISCHARGE ELEVATION 	HEAD SURFACE AREA 
(ACRE..FEET) 	(CFS) 	(FEET.MSL) 	(FEET) 	(ACRES) 
	 op. www  .............. 	 ..... 	....... 

.000 .000 895,000 .00 0  .000 
1.376 269.165 900,000 5 .0 00  .550 

18,754 479.628 905,000 10,000 9.050 
83,141 1666.381 910.000 15.00 0  12.300 

SPECIFICATIONS FOR STORAGE SEGMENT 52 

HEAD 
(FEET) 

SURFACE AREA 
(ACRES) 

....... 

STORAGE 
(ACRE•FEET) 
	• 	  

DISCHARGE 
(CFS) 

ELEVATION 
(FEET.MSL) 

9000 .000 893,500 •00 0  .000 
.136 117.942 895.000 1.500 .181 

1,106 1063.905 900.000 6.500 .294 
2,776 1318.636 901,000 7,500 1,286 
3,884 1497,381 902,000 8,500 2,902 
8,752 1583,014 903,000 9,500 5 .023 
14,321 1664.246 904,000 10.500 5 .310 
25,616 1741.694 905,000 11.500 12,314 
90,013 13008.841 910.000 16,500 15.110 
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necessary protection downstream. 

The aim of the second series of runs was to examine whether a 

detention structure located about 300 feet upstream of Memorial Drive 

would, when combined with the existing detention structure near the 

Memorial College Avenue, provide adequate protection. From the 

existing topography, it was determined that the water surface behind 

the detention structure could rise to an elevation of 910 with no 

damage to property. A series of 3 runs indicated that the detention 

structure contemplated was effective in reducing peak flows through 

the problem area. However, since enlargement of the detention structure 

near Memorial College Avenue is relatively easy, runs were made to 

evaluate the combined effect of both storages. 

The most effective scheme was, first, to raise the existing 

detention structure near Memorial College Avenue. The initial design 

would have a target water surface elevation of 913.0, and provide a 

100-foot wide spillway at elevation 908.5, the elevation of the existing 

spillway. Second, a detention structure 300 feet upstream from Memorial 

Drive is needed. The initial design would have a target water surface 

elevation of 910.0 and discharge water through a six-foot square box 

culvert at the channel bed and a 30 foot rectangular broad crested 

weir at elevation 905.0. Table 6-7 shows the results of the flood 

frequency analysis for storage segments 46 and 52. If these two 

storage detention locations were adopted, the 25-year and 100-year 

flood stages would fall by 5.3 and 4.6 feet respectively at storage 

segment 52. These reductions in flood stages would eliminate major 
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Table 6-7. Floods for Segments 46 and 52 on West Branch 

Snapfinger Creek With Added Detention Dams 

Return 	 Probability of 	Flood 	Water Surface
* 

Period 	 Exceedance (%) 	Flow 	Elevation 
(years) 	 (cfs) 	(feet)  

Segment 46 
1 

2-year 50 600 909.4 

5-year 20 950 910.0 

10-year 10 1170 910.4 

25-year 4 1460 910.8 

50-year 2 1670 911.1 

100-year 1 1890 911.3 

Segment 52 
1 

2-year 50 520 896.5 

5-year 20 720 897.6 

10-year 10 850 898.4 

25-year 4 1010 899.1 

50-year 2 1130 899.9 

100-year 1 1250 900.7 

* 
The values for segment 46 are higher than those shown in Table 6-3 
because more of the floodwater is being stored. 

1
From mean sea level. 
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flood damages at Memorial Drive for floods as large as the 100-year 

event. 

V. Summary and Conclusions  

It was found that under the existing conditions a number of 

buildings would be flooded just upstream of Memorial Drive even by 

relatively frequent storms. This is partly due to a relatively flat 

channel reach upstream of Memorial Drive and the constriction of 

the channel leading to the culvert under Memorial Drive. The present 

detention dam near Memorial College Avenue was found to provide in-

sufficient storage to protect these buildings. 

A detention dam about 300 feet upstream of Memorial Drive together 

with the enlargement of the present detention dam just upstream of 

Memorial College Avenue was found to reduce the 25-year and 100-year flood 

stages by about 5.3 and 4.6 feet respectively in the problem areas and 

protect the building from flooding. Comparison of Table 6-3 with Table 

6-7 summarizes the effect at storage segment 52. An economic analysis 

should be made to determine whether the reduction in flood damage to 

these buildings would justify the cost of providing this detention 

storage. Benefits further downstream than described in this section of 

the report are described in the next section and should be evaluated in the 

analysis. 
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SECTION 7 

Snapfinger Creek 

I. Physical Attributes of Watershed  

a. Location 

The headwater portion of the Snapfinger Creek watershed rises 

in the northeast corner of the basin near Ponce de Leon Avenue. 

Ponce de Leon Avenue forms most of the north boundary of the basin 

and Memorial Drive passes through about middle of the basin in an 

east-west direction. Three main tributaries flow into the creek 

from the north, draining western, middle and eastern portions of 

the watershed. The west and middle branches join the creek below 

Memorial Drive while the east branch joins the main creek above 

Memorial Drive. The West Branch, discussed in Section 6, drains 

the western portion. 

b. Size  

The portion of the watershed studied has a total area of 4865 

acres. Several roads cross the creek and its tributaries within 

the study area,and the more significant crossings are listed in 

Table 7-1. The drainage areas at the road crossings and the cul-

vert sizes are also given in Table 7-1. 

c. General Drainage Patterns  

The basin and channel configuration is shown in Figure 7-1. 

About 70% of the basin is developed,and the drainage is in natural 

channels. The main channel has a length of about 5.2 miles and the 

west, middle, and east branches are about 2.0, 1.5, and 0.9 miles 

respectively in length. The channel width varies from about 10 
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TABLE 7-1 

Drainage Areas at Culverts 

Road 
	

Drainage 	 Culvert 
Area 	Description 

(Acres) 

Central Drive (Main Creek in the East 	486 	 ** 

N. Hairston Rd. 	 752 	2-10' x 10' boxes 

Central Drive (East Br.) 	 449 	2-5' x 6' boxes 

Memorial Dr. (Main creek in the East) 	1470 	2-16' x 8' boxes 

Abingdon Dr. 	 371 	1-8' x 10' Elliptical 
1-1.5' Circular 

Memorial Dr. (Central Br.) 	 536 	 ** 

Memorial College Ave. (West Br.) 	 1038 	2-10' x 8' boxes 

Memorial Dr. (West Br.) 	 1200 	2-8' x 8' boxes 

Beaver Road 	 2011 	2-7' Circular 

Rock Bridge Road 	 4350 	**Bridge 15'-20' x 70' 

** Culvert size is large enough so as not to have significant storage effects 
from these culverts. 
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feet in the upper reaches to about 30 feet in the lower reaches. 

d. Other studies  

The U. S. Army Corps of Engineers completed a Flood Plain Infor-

mation Report on the entire Snapfinger Creek flood plain including 

Barbashela and Indian Creeks, in March, 1968. The watershed shown 

on Figure 7-1 comprises the upper 20% of the area studied by the 

Corps. While the Corps' study did not provide detailed information 

on the 100-year flood flows for the different reaches, the areas 

delineated as the 100-year flood plain indicated that about 18 houses 

in reaches 66, 76, 78, 80 and 82 would be inundated. This agrees 

with the results of this study. The Corps study estimates the 100-year 

discharge at the Redan Road Bridge (about 1.2 miles downstream of 

Reach 82 and with a tributary areas of 8450 acres) as 5920 cfs. This 

discharge compares with the 100-year discharge of 5590 cfs in Reach 

82 for 4865 acres found in the study. The two figures are in reasonable 

agreement considering that much of the basin was undeveloped at the 

time of the Corps' study. 

e. Current Land Use  

About 70% of the watershed is already developed. Half of the 

undeveloped area lies along the three major roads passing through 

the basin, namely Ponce de Leon Avenue, Central Drive and Memorial 

Drive. While most current development is single family residence, 

some commercial property and multi-family apartment complexes are 

located along the three major roads. Subwatershed impervious 

percentages range from 7 to 60% of their total area. 

f. Projected Land Use  

It is expected that the patches of undeveloped land remaining in 

various parts of the watershed will be eventually developed It is 
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projected that the undeveloped areas located along major roads will 

be developed as multi-family apartment complexes or commercial 

property and the interior areas as single family houses. 

II. Map of Watershed  

Figure 7-1 outlines the total watershed and the sub-areas into which 

it is divided for analysis. Major drainageways are shown and divided into 

channel segments. Seven road crossings listed in Table 7-1 involve culverts 

small enough to have a potential backwater effect, and a storage segment was 

added for each. A schematic diagram of the segments of all three types is 

shown on Figure 7-2. 

III. Drainage Problems  

Flooding regularly occurs along the main branch downstream from its 

junction with the West Branch and along both branches just upstream from 

the junction. Property damages are concentrated along Susan Creek Drive 

(Reaches 76 and 78, Figure 7-3) and Indian Lakes Circle (Reaches 80 and 82, 

Figure 7-4). On Susan Creek Drive, House A has had 6 feet of water in the 

backyard. The owner said that the creek bed has filled with about 10 feet 

of sediment during the last 5 years. Three houses near point B were also 

flooded at the same time. Susan Creek Drive was overtopped from points C to D. 

On Indian Lakes Circle, House A has been flooded twice at an estimated loss 

of $35,000. The deepest water occurred in August, 1972, and was 23 inches 

deep in the house. The conditions analyzed were 

1) The extent of the flooding in the problem areas under current 

development and channel conditions, 

2) Overtopping of various culverts within the watershed, 

3) Potential aggravation of flooding and drainage problems by 

additional urban development, 

4) The effects of flood flows and flood stages from improving 

channels and adding storages 
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Figure 7-3. Map of Problem Area Along 
Susan Creek Drive 

Scale: 1" = 200' 

NI 
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Figure 7-4. Map of Problem Area Along Indian Lakes Circle 
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IV. Description of Simulation Runs  

1. Existing Development  

The initial simulation sought to determine flood flows and 

flood elevations with existing land use and channel conditions in 

the watershed. The specific purpose was to estimate expected flood 

levels for various return periods at the problem locations and 

near the culverts and storages. Table 7-2 shows the specifications 

for the source areas, channel segments, and seven storage segments. 

Table 7-3 shows the results of the flood frequency analysis for 

Reaches 78, 80 and 82 which cover the problem areas.* Flooding 

problems along the west branch are examined in Section 6. All 

culverts, except those on Beaver Road and West Branch at Memorial 

Drive, were found not to be overtopped by the 100-year flood. 

The culvert on Beaver Road is overtopped by 0.1 foot by the 25-year 

flood and by 0.9 foot by 100-year flood, but no damageable property 

is located in the flooded areas. Section 6 describes the situation 

for West Branch at Memorial Drive. 

Table 7-4 summarizes the channel capacities and the 2, 25 and 

100-year flood discharges from frequency analysis for Reaches 78,80 

and 82. 

TABLE 7-4 

Simulated Flood Discharges under Existing Conditions 

Reach No. 	 Capacity 
	 Flood Discharges cfs. 

cfs 	2-year 	25-year 	100-year 

78 679 2050 4220 5290 

80 675 2080 4250 5330 

82 849 2190 4460 5590 

*Flooding at the downstream end of Reaches 66 and 76 is probably largely 
caused by backwater from Reach 78. 
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Table 7-2. Specifications for Area, Channel and Storage Segments for 

Snapfinger Creek 

SPECIFICATIONS FOR SOURCE AREAS 
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Table 7-2 (cont 'd) 

SPECIFICATIONS FCR STORAGE SEGMENT 45 
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	 • 	  
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1,610 1540,793 945,000 6,000 1,330 
18.972 2824.786 950,000 11,000 5,970 
69.291 4106.780 955,000 16.000 15,390 

SPECIE/CATIONS FOR STORAGE SEGMENT 57 

STORAGE 
(ACREIFFEET) 

.000 
048 
.372 
.421 

1 	,43 
.101.291

4  

srr 

DISCHARGE 
(CFS) 

i,-_••••••• . 	 

,000 
116,729 
350,188 
466,9g 

9f4.? 3 47 	. 

..19 	 • 	 

ELEVATION 
(FEETNMSL) 
	P• 

916.000 
917.000 
919,000 
920.000 
925,000 
930.000 

HEAD 
(FEET) 

,000 
1.000 
3,000 
4,000 9,000 

 14.000 

SURFACE AREA 
(ACRES) 

,000 
,096 
2 360 

1,210 
5,860 

35.860 
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DISCIARGE 	ELEVATION 
CCFS) 	CFEETPMSL) 

HEAD SURFACE AREA 
(FEET) 	(ACRES) 

900,500 
903.000 
904,000 
905,000 
906,000 
907,000 
908,000 
908,500 
909,000 
910,000 
913,000 

000 
115,

,
790 

A5VM 24:737 
289,242 
310.696 
320,885 
684,400 

2326,207 
1014.878 

STORAGE 
CACRE•FEET) 
m."... 41P ■ 10 A•IPI. 

,000 
,250 

1 : 7022 
e,041 
3,676 

.7,412 
8,950 
11.620 

1; :;;; 

000 „000 
2.500 ,200 
3,500 ,400 
4,500 ;593 
5,500 1,250 
6.500 2,890 
7,500 3,300 
8,000 4,200 
8,500 5,140 
9,500 7,654 

12, 5 00 15,270 

Table 7-2 (cont'd) 

SPECIFICATIONS FCR STORAGE SEGMENT 59 
OVIPMWWW ■ WW ■ W 

STORAGE 
(ACRE,FEET) 

DISC14 ARGE 	ELEVATION 
(CFS) 	(FEET•MSL) 

HEAD SURFACE AREA 
(FEET) 	(ACRES) 

0 W gtill,W.WW W W will/• 	  

.000 ,000 934,000 ,000 ,000 

.017 89,135 935.000 1,000 ,034 

4 gil 
713,V79 
850,160 

942,000 
945,000 

8,000 
11.000 

,400 
1,090 

12.130 1696.515 950,000 1 6 .900 3.800 

SPECIFICATIONS FCR STORAGE SEGMENT 73 •WWIPIP ∎ 11 

SPECIFICATIONS FCR STORAGE SEGMENT 75 

STORAGE 
(ACRE...FEET) 
PWWVIDOIPAP 	 

DI5C1.4 ARGE 
(CFS) 

.000 

.136 
1.105 
2.779 
1.884 
8.752 
14.321 
25.61 
90.01 

000 
272.

4
576 

1 0 
180.297 
136181 
497.381 
583.014 

11
664,246 
741,694 
008.841 

ELEVATION 
(FEET•MSL) 

FEAD 
(FEET) 

wwwww 

SURFACE 	AREA 
(ACRES) 
........ 

893,500 ,000 ,000 
895,000 
900,000 

1,500 
6,500 

081 
.294 

901.000 7,500 1,286 
902,000 8,500 2,902 
903,000 9,500 5,023 
904,000 10.500 8,310 
905,000 11,500 12,314 
910,000 16,500 18,110 
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Table 7-3. Floods for Segments 78, 80 and 82 on 
Snapfinger Creek with Existing Conditions. 

Return 
Period 
(years) 

 

Probability of 
Exceedance (%) 

 

Flood 	 Water Surface 
Flow 	 Elevation 
(cfs) 	 (feet) 

       

Segment 78 

1 
2 - year 50 2050 8.0 
5 - year 20 2920 9.1 

10 - year 10 3490 9.8 
25 - year 4 4220 10.6 
50 - year 2 4760 11.2 
100 - year 1 5290 11.9 

Segment 80 

1 
2 - year 50 2080 7.8 
5 - year 20 2950 8.8 
10 - year 10 3540 9.4 
25 - year 4 4250 10.1 
50 - year 2 4790 10.7 
100 - year 1 5330 11.4 

Segment 82 

1 
2 - year 50 2190 7.9 
5 - year 20 3100 8.4 

10 - year 10 3800 8.8 
25 - year 4 4460 9.2 
50 - year 2 5030 9.5 

100 - year 1 5590 9.8 

1
From bottom of channel. 
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Even though these capacity estimates are very approximate, the 

channel capacities in all three problem reaches are obviously very 

low, possibly due to silting, and the flood flows invariably over-

top the banks and flow onto the floodplain. 

2 Projected Development with Current Channel System  

This simulation is based on complete watershed development 

and the assumption that the current channel system will remain un- 

changed from present conditions. Table 7-5 shows the projected 

specifications for the source areas. Table 7-6 shows the results of 

the frequency analysis for the same segments as Table 7-3. The 

percent increase in discharges caused by projected development for 

Reaches 78, 80 and 82 are shown in Table 7-7. 

The rise in peak stages due to the above increases in dis-

charges was of the order of 0.6 to 1.1 feet in Reach 78, 0.6 to 0.7 

TABLE 7-7 

Percent Increase in Discharges Under Projected Development 

% increase in flood discharges 

Reach No. 2-year 25-year 100-year 

78 26 20 19 

80 24 17 15 

82 22 13 12 

foot in Reach 80 and 0.3 to 0.4 foot in Reach 82. These stage 

increases would also aggravate backwater flooding in Reaches 66 

and 76, but no areas were discovered where the projected develop-

ment would be likely to induce new flooding. 

3. Hydrologic Analysis of Remedial Measures Based on 1928 Storm  

In order to study the hydrologic effectiveness of potential 
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Table 7-5. Specifications for Area Segments for Snapfinger Creek with Future 
Development 

SPECIFICATIONS FOR SOURCE AREAS • 
FRACTION OF AREA *1TH EACH SOIL TYPE 

0.0 4. 41 01411 	 
NUMBER AREAoACRE 	RAPID 	MODERATE 

1RP 

  

 

SLOW IMPERVIOUS 
-00 46 , 0 000P. 4, 04001 0111 4,401# 0 , 41 9 0 41 mOwqmillmw OO 	WIPP 
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Table 7-6. Floods for Segments 78,80, and 82 
on Snapfinger Creek with Future Development 

Return Period 
(years) 

Segment 78 

Probability of 
Exceedance (%) 

50 

Flood Flow 
(cfs) 

2590 

Water Surface 
Elev. 	(feet) 

1 8.6 2-year 
5-year 20 3580 9.8 
10-year 10 4240 10.6 
25-year 4 5080 11.6 
50-year 2 5690 12.3 
100-year 1 6300 13.0 

Segment 80 

2-year 50 2580 8.4 1 
5-year 20 3540 9.5 
10-year 10 4170 10.2 

25-year 4 4970 10.9 
50-year 2 5560 11.6 
100-year 1 6150 12.1 

Segment 82 

2-year 50 2680 8.2 1  
5-year 20 3630 8.7 
10-year 10 4260 9.1 
25-year 4 5060 9.6 
50-year 2 5650 9.8 
100-year 1 6240 10.2 

1 
From bottom of channel. 
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measures for dealing with the flood problems in the areas indicated, 

flows were simulated for the storm event producing the largest flows 

in the problem area for all the previous simulations with current or 

projected land use, that of July 10, 1928. The remedial measures 

considered were 

1) The series of three small dams on the West Branch represented 

by storages 73, 74, and 75 on Figure 7-1 and recommended for 

consideration in Section 6 of this series of studies. 

2) Reduction of culvert sizes at locations where the flood 

water can be temporarily stored upstream from a road em-

bankment without flooding any damageable property (the four 

locations studied were storage segments 45 at North Hairston 

Road, 49 at Central Drive, 53 at Memorial Drive, and 59 at 

Abingdon Drive). 

3) Two small dams on the Main Branch on Reaches 62 and 64, and 

4) Channelization of the reaches with flood problems, segments 

66, 76, 78, 80, and 82. 

Simulation runs were made with seven combinations of the measures 

listed above. The changes in input data largely involve addition 

of the required storage segments or outlet size changes for cases 

where the culvert size was reduced. The specifications for the source 

areas and channel segments remain the same as those under simulation 

1 except that reach 74 was converted to storage 74 in West Branch, 

and channelized sections were used for the last two runs for five 

channel segments. 

The results of the series of seven runs with the 1928 storm are 

summarized as follows. 

1) The possible storage on West Branch reduced the flood discharges 

in the three problem reaches by 10 to 12%, but this storage 



alone would not reduce the peaks to anywhere near the existing 

capacity of the channels. 

2) Of the four culverts on the main branch for which a size reduction 

was considered, storage at Memorial Drive (Storage segment 53) 

gives the largest reduction in flood discharge, but the peak 

flow for the 1928 storm would still be several times the channel 

capacity. 

3) The detention dams on the main branch were still not able to 

reduce the flood peaks to an acceptable range as sufficient 

storage capacity is not available at these sites. 

4) Channelization of the problem reaches would require large lined 

channels. 

In summary, these seven runs show that structural solution of 

the flood problem will require an expensive combination of storage 

and channelization. An economic analysis of costs and benefits would 

be required to decide whether a structural approach would be justified 

and to evaluate the possible nonstructural alternatives. 

4. Hydrologic analysis based on 25-year flood series  

The final simulation with the complete 25-year series was based 

on the existing level of development plus the proposed dams on West 

Branch and reduction of the culvert size at Memorial Drive on the 

Main Branch by 50 percent. Though these storages would not solve 

the flood problem, this simulation was made for a frequency analysis 

of the reduction in flood peaks and flood stages that would be achieved 

in these problem areas by these measures. Table 7-8 shows the 

results of the flood frequency analysis for Reaches 78, 80 and 82. 
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Table 7-8. Floods for Segments 78, 80 and 82 
on Snapfinger Creek With Added Storage 

Return Period 	 Probability of 
(years) 	 Exceedance (%) 

Segment 78 

2-year 	 50 

Flood Flow 
(cfs) 

1870 

Water Surface 
Elevation (Ft) 

1 7.6 
5-year 20 2560 8.6 
10-year 10 3020 9.3 
25-year 4 3600 9.9 
50-year 2 4040 10.4 
100-year 1 4460 10.9 

Segment 80 
1 

2-year 50 1910 7.6 
5-year 20 2620 8.4 
10-year 10 3090 8.9 
25-year 4 3680 9.6 
50-year 2 4120 10.1 
100-year 1 4560 10.5 

Segment 82 
1 

2-year 50 2050 7.8 
5-year 20 2820 8.3 
10-year 10 3330 8.6 
25-year 4 3980 8.9 
50-year 2 4460 9.2 
100-year 1 4930 9.5 

1
From bottom of channel. 
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Reducing the size of the entrance to the culvert at Memorial 

Drive on the Main Branch by one half would increase the 2-year, 25-

year and 100-year upstream flood stages by 2.9, 5.3, and 8.0 feet 

respectively. Though Memorial Drive would not be overtopped (elev. 

960.0) by a 100-year flood, the backwaters would inundate about 25 

acres including the culvert on Anderson Road and several residences. 

Furthermore, comparison of Table 7-3 and 7-8 show that flood stages 

in the problem reaches would only be reduced by amounts ranging from 

0 to 0.9 foot for return periods 2 to 100 years. Therefore, it seems 

unlikely that storage at the Memorial Drive site can be economically 

justified. 

V. Summary and Conclusions 

The existing channels in reaches 78, 80 and 82 were found to have 

very low capacities and regularly flood. Detention storage on the West 

Branch (see Section 6) would not loWer the flood stages in the problem 

areas significantly, and no effective storage sites have been found on 

the main branch to lower downstream flood peaks even though six sites were 

investigated. Under these circumstances, the following approaches deserve 

further study and economic analysis. 

1) Channelize these reaches, 

2) Buy the property flooded along these reaches for use as 

recreation or natural areas, 

3) Flood proof the properties where feasible. Zoning regulations 

should be strictly enforced to prevent further development in 

the area of high flood hazard. 
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SECTION 8 

Cobbs Creek 

I. Physical Attributes of Watershed  

a. Location  

Cobbs Creek, a tributary of the South River, has its headwaters in Avon-

dale Estates. Within the study area which lies above Snapfinger Road, the stream 

flows generally southeast draining an extensively developed area. 

b. Size  

The watershed has a total area of about 2300 acres with about 29% im-

pervious. Thirteen roads cross the creek or its major tributaries. Table 

8-1 shows the drainage areas and the size of the culverts at these road crossings. 

A few minor roads which are in the upper reaches of the tributaries are not 

listed. 

c. General Drainage Patterns  

The basin and channel configurations are shown on Figure 8-1. Over 90 

percent of the basin is developed,and the drainage is in natural channels. The 

main channel has a length of about 3.4 miles from the divide on area 2 to Snap-

finger Road. The Creek has one main tributary which drains the eastern portion 

of the watershed and has a length of about 3,500 feet. The channel width varies 

from about 15 feet in the upper reaches to about 30 feet in the lower reaches. 

d. Other Studies  

The U. S. Army Corps of Engineers completed a Flood Plain Information 

Report of Cobbs Creek in June, 1968. The study limits extended up to the 

Snapfinger Road crossing which is the lower limit of this study. In the Corps 

study, using records of known flood data for all gaging stations in the region 

with a record exceeding 5 years, the 100-year flood discharge at Snapfinger 

Road crossing was statistically estimated as 2600 cfs. Based on 25-year simulated 

peak flows for the existing development, the 100-year flood at the same location 

190 



TABLE 8-1 

Drainage Areas at Culverts 

Road 
	

Drainage Area 	 Culvert Description  
(Acres)  

Hess Dr. 	 193 	 1-5.3' x 7.8' Elliptical 

Memorial Dr. (Branch) 	 1-6' x 6' Box 

Memorial Dr. (Cr.) 	 428 	 1-7' x 8' Box 

*Bobbie Lane 	 550 	
3-4' Circular 
1-4 1 -5'9" Elliptical 

Beech-Bonway Dr. 	 607 	 2-5' x 5.7' Boxes 

*Convair Lane 	 690 	 2-6' x 9' Arch 

*Midway Rd. 	 740 	 2-6.5'Circular 

*Alverado Way 	 1004 	 1-6' x 20' Bridge 

*Peach Crest Rd. 	 1113 	 1-6' x 20' Bridge 

Brookfield La. (west) 	1216 	 2-7.5' x 8.0' Boxes 

Sherry Dale La. 	 474 	 2-7.5' x 7' Elliptical 

Brookfield La. (east) 	568 	 1-6' x 11.6' Box 

*Gleenwood Rd. 	 2061 	 4-10'x 10' Boxes 

*Snapfinger Rd. 	 2292 

*Culvert size is large enough so as not to cause potential backwater effect. 
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has been estimated as 4990 cfs in this study. Part of the discrepancy was due 

to the added development that has taken place since 1968 when the Corps study 

was completed. 

e. Current Land Use  

Over 90% of the watershed has already been developed. The undeveloped 

area is mostly wooded area along the creek and its tributaries. Most of the 

developed area is single family residential with some commercial property and 

multifamily apartment complexes along the main highway. Subwatershed impervious 

areas range from 5 to 65% of the total. 

f. Projected Land Use  

The undeveloped land remaining in the basin is mostly wooded area along 

the creek and its tributaries. This area is likely to be left as flood plain 

and should not be developed. A few acres of land remaining undeveloped in sub-

watersheds 25, 34 and 38 may eventually be developed as multifamily apartment 

complexes as indicated by the nearby development. However, the complete development 

of the basin should not significantly alter the peak flood flows. 

II. Map of Watershed  

Figure 8-1 outlines the total watershed and the subareas into which it is 

divided for analysis. Major drainageways are shown and divided into channel 

segments. Six road crossings listed in Table 8-1 involve culverts small 

enough to have a potential backwater effect and a storage segment was added 

for each. In addition, the storage effect of the lake at the intersection of 

Berkely Road and Wiltshire Drive (subarea 2) was also considered. A schematic 

diagram of the segments of all three types is shown in Figure 8-2. 

III. Drainage Problems  

The drainage problems in the watershed are concentrated in the general 

areas located near Brookfield Lane and Misty Valley Drive (Figure 8-3) and 

the junction of Beech and Bonway Drives (Figure 8-4). Homes along Brookfield 
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Figure 8-4. Map of Problem Area at Beech and Bonway Drives 
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Lane and Misty Valley Drive represent one of the major areas with flood damage 

in the county. The Brookfield Lane has been overtopped by two feet of water. 

On Beech Drive, water has been 3 feet deep in the front yard of house (A) and 

resulted in basement flooding. The specific problems studied were 

1) Overtopping of various culverts within the watershed, 

2) Flooding of the houses at the intersection of Beech and Bonway Drives, 

3) Flooding of the general area near Brookfield Lane and Misty Valley Drive, 

4) Some possible solutions to reduce the present flooding in the watershed. 

IV. Description of Simulation Runs  

1. Existing Development  

The initial simulation sought to determine flood flows and flood elevations 

with the existing level of development in the watershed. The specific purpose was 

to estimate expected flood levels for various return periods at the problem 

locations and near the culverts and storages. Table 8-2 shows the specifications 

for source areas, channel segments and the 7 storage segments. Table 8-3 shows 

the results of the flood frequency analysis for segments 44, 50, 56, 57, and 61. 

Segment 44 covers the problem areas at Brookfield Lane and Misty Valley Drive. 

Segment 61 is the channel segment at the lower end of the study and gives 

flows at the Spapfinger Road crossing. 

Table 8-3 shows that a 5-year flood overtops the road (elev. 934.0) at 

the culvert on Beech Drive by 0.2 of a foot and the 100-year flood by 1.6 feet. 

This would mean that all floods of frequency 5-years and above would enter the 

front yard of houses A (See Figure 8-3). The 5-year flood also overtops Brook-

field Lane to the west (Figure 8 ,-3) and overflow occurs over a large length of 

the road flooding several houses. Brookfield Lane is overtopped to the east 

(elev. about 882.0) by a 10-year flood,and the backwaters near the culvert are 

likely to flood some 10 houses in the area. 
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Table 8-2. Specifications for Area, Channel and Storage Segments for Cobbs Creek 

SPFC1F1CATInNS FOP 

ilurRER ARFA-ACPE 

SOURCE AREAS 

FRACTION OF AREA 

RAPIP 	MonERATP. 

WITH EACH SOIL TYPE 

SLOW 	IMPERVIOUS 
STOP(AGE 

CONSTANT 

2 1 3q.620 .000 .950 .nnn .150 22. 
3 5 0 .420 ,000 .790 .90n .210 13. 

1--. 
1/40 

q. 

5 
2n.190 

', 0.670 
.000 
.000 

.890 

.65n 
.00n 

.00n 
.110 
.350 

11. 
21. 

co / 121.610 .000 .700 .000 .3U0 17. 
J 9 -1 .000 .00 0  .750 .Onn .250 lb. 

li 57.360 .0On .600 .00n .400 10. 
ii 12 0 .24-0 .000 .35n .nnn .650 12. 
iLi• 6.720 .000 .810 .nnn .190 14. 
lu 182.600 .000 .70n .nnn .300 21. 
17 17(-,.100 .000 .630 .010 .370 19. 
1J 8 11 .390 .n00 .690 .nnn .310 14. 
2J 3 0 .500 .OUP .950 .00n .050 12. 
22 19(1 .420 .nnn .83n .nnn .170 19. 
23 10P).7P0 .n00 .730 .nnn .270 16. 
25 70.9F0 .000 .75n .000 .250 14. 
26 31.720 . 0 00 .7Sn .non .25u 9. 
27 21.620 .000 .820 .00 1  .160 8. 
26 17.00 ,000 .920 .000 .080 9. 
29 19.550 .000 .82n .00 0  .180 7 . 
3u . 	7k.740 .000 .790 .nnn .210 15. 
31 61.210 .non .790 .00° .210 13. 
3j 90.6P0 ,non .68n .n0° .320 14. 
34 9 1 .270 .nOn .64n .nnn .360 14. 
3u 151.720 .n00 .670 .nOn .330 13. 
3/ 1P.320 .000 .850 . 0 0 0  .150 6 . 
38 5 13 .000 .00n .880 . 0 0 0  .120 14. 



Table 8-2 (cont'd) 

SPECIFIC 6 TIONS rOR CHANNEL c-ESMENTS 

NUNRER 

/In 

TYPL 

4 

. ,LENGTH-FT 

2100.00 

SLOPE 

.01 1429 

ROHG1INF'SS 

• n3r. 

AVEkAG 
fkAVE 

TINL(SEC 

245.7 
1(3 4 1240.00 .00806 .03g 1.59.0 
45 4 2660.00 .00451 .n39 400.4 
u7 4. 2160.00 .01,83 .03's 
09 4 15Po.0n .00633 .03 212.2 
51 4 160.00 .00714 .n3q 159.H 
F3 4 2420.00 .01529 .02q 142.8 
55 4 2020.00 .0019 0  .(13F 436.4 
57 4 11)20.00 .0030 9  .n40 292.o 
59 4 2320.00 .00474 .n3q 324.7 
61 4 1500.00 .0U667 .(13F 177.0 

DEFiNITInN OF NuW7RIC CHANNEL TYPES 

1 F:ErTtk.NOULR 
2 TRTAUL 'Ai: 
3 CT'CIILAP 
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"r  - n 	S"R r- ACE ;4-'r ti 

(ACi-;F-FEET) 
	

(C rS ) 
	

(rEFT- 7 157,L) 
	(FFLT) 	(ACS' S) 

"1 .913 
49.01 0 

 C•3.1.51 
74.6b7 

9 7 7.000 
978.npn 
979.0 0 0 
9 1 0.000 

.0 0 9  
1.00n 
2.00 9 

 3.009 

9.00P 

9 • rmr 

6 . crn 

6.2 11 n 
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FLEVATTOM 
	

HEAD S"Rr7ACE Arrr 

	

(I\CiiE-FEr1") 
	

(Cr5) 
	

(rEET-"SL) 
	

(FEET) 	(ACRES) 

. 0 0 9  .000 945.700 .00n .9 0 0 

. 9 17 73.506 9 4 7.000 1.30n .026 

. 9 6 14 13 11 .156 948.000 2.300 .nc4 

.161 1P6.745 9'0.000 3.30n .10 

.q6 1  950.000 4.30n .9:30 
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Table 8-2 (cont'd) 

SPFC T FTCATI ,WS FOk :JTOP'6F SFC'LJ,T 42 

STORAGr 
(ACRE-FE7T) 

.00P 

.n16 

. 0 6a 

.144 

.730 

10.P7R 
55. 7 5 8  

6 , SCHARuF 
(CFS) 

.0uo 
143.899 
287.799 
431.698 

647.547 

1148. 022 

1625.693 

FtEVATTOr 

940.500 
941.50 0 

 942.500 
943.500 
945.000 
950.000 

955.000 

(Fr- LT) 

.00n 
1.00 0 

 2.000 
 3.00n 

4.50 0 
 9.50n 

14.50 0  

c,"PrACF 	APrA 

(ACTS) 

. 0 3 2 
 .064 

.0 0 6 
1.150 
5.210 
11.0?n 

SRFCTFTCATIvL_S FOR STOR"GE SEG(iLHT 44 

	

STOR"GF 
	

DiSCHARGE 
	

EL EV AT I ON 
	

IFAD SURACE ArEp 

	

(AME-FErT) 
	

(CFS) 
	

(rLET-SL) 
	

(FEET) 	(ACTS) 

. 0 0n .000 9%2 6.000 .00 0  .00r 

102.263 9 2.7.000 1.00n .037 
.192 409.131 9'30.000 4 .00n .16r 

3. 0 1 3  807.866 935.000 0 .00o 2.2r) 
25. 74 7  u593.W/3 940.000 14.00 0  4.970 

SPFCIFTC,A.Ti.) ,, S 	FOR 7 r- /;';',..,J J o 

STOP"Gr 5" , 	I 	̀IA 1- Tc-w SI 1 P"- Acr 
(ACRE-FE'7 T) (CFS) (i7c7T- , ISL) (F r ET) 	( ACRES) 

.non .0(JU o'“).000 .00 0  .11 0r 

. 0 2 0  179.818 311.(100 1.00 0  .01.1r 

.087  - 51.636 3'12.900 2.00 0  .10 0  

.r47 8 70 .090 305.000 5.00 0  
3.10 0  4- 522 . 629  3 9 0.000 10.00 0  .7 0 0 

13. 5 52 2 / 662 .1 15  895.100 15.00n 4.7or 
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Table 8-2 (cont 'd) 

SPECTFICATIS FOR.STOP^GE SrGLNT 64 

STCRf'Cr 
(ACRF—FET) 

D I S C IA A Pc.)E 

(CF) 
FAEVATION 
(FEET- 7.1SL) 

HEAD SIIRr'ACE A 9 r^ 
(FFET) 	(AC'S) 

       

.non . 0 00 /03.500 .onn .prin 

.n12 120.F26 689.500 1.onn .(14 
151 48 7..3o5 692.500 Li.onn 17 . 	1 
c—n . 	V 7F 	7r) 3P5.0nn 6.5on • L11(1 

P .1"-J7  1716 . 25 P 9nO.nno 11.500 4.72n 

5PFCTFTCA 7 I, 	 '7,TCYLPT 

	

STOGrr 
	

fi.Lc,C*,,FLA7 
	

ritIV1TCP 
	

SmPrACF 

	

(ACkE—FErT) 
	

(CFS) 
	

(rEF.T—'1SL) 
	

(Fr- LT) 	(ACPrS) 

. 0 0n .000 6 7 6.nnn .non . nnr, 

. (15r 114.n11 P77.000 1.00n .1111  
1.10n 664.0tD6 6n2.°00 
P.(4 -7  -0-4 9 .426 W-1 5.q00 e.non 7.(,7n 
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Table 8-3. Floods for Segments 44,50,56,57 and 61 
on Cobbs Creek with Existing Conditions 

Return Period 	 Probability of 	 Flood Flows 
(years) 	 Exceedance (%) 	 (cfs)  

Water Surface 
Elevation (ft) 

Segment 44  

2-year 50 530 
1 

931.2 
5-year 20 760 934.2 

10-year 10 910 935.1 
25-year 4 1100 935.3 
50-year 2 1250 935.5 

100-year 1 1390 935.6 

Segment 50 

50 1030 887.8 2-year 
5-year 20 1500 889.7 

10-year 10 1810 890.0 
25-year 4 2200 890.0 
50-year 2 2500 890.0 

100-year 1 2790 890.1 

Segment 56 

50 510 881.1 2-year 
5-year 20 750 881.8 

10-year 10 920 882.2 
25-year 4 1120 882.4 
50-year 2 1270 882.6 

100-year 1 1420 882.7 

Segment 57 

2 
2-year 50 1490 9.2 
5-year 20 2160 9.8 

10-year 10 2600 10.3 
25-year 4 3160 10.6 
50-year 2 3580 10.8 

100-year 1 3990 11.0 

Segment 61 

3 
2-year 50 1670 
5-year 20 2420 

10-year 10 2910 
25-year 4 2910 
50-year 2 3540 

100-year 1 4470 

1from mean sea level 
2from bottom of channel 
3elevation not estimated 
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The channel along Brookfield Lane and Misty Valley Drive has a depth of 

about 7 feet and the two-year flood has a depth around 9 feet. This indicates 

that the flows are in the floodplain which is flat in this area and several 

houses on the right bank are likely to be flooded frequently. 

2. Natural Conditions  

This simulation is based on the watershed in its natural conditions and an 

assumption that the current channel system (without lakes and culverts) is the 

same as existed when there was no development in the watershed. The specific 

purpose was to estimate the natural flows occuring in the watershed and to 

evaluate how much urbanization increased the flood peaks. All source areas were 

assumed to be entirely pervious, and the specifications for channel reaches remained 

the same as given by Table 8-2. Table 8-4 summarizes selected peak flows that were 

estimated to occur under natural conditions. Increases due to urbanization range 

from 11% to 48% depending upon the storm. 

3. Study with Storage Segment 48.  

In order to determine the effect of retention storage at the Peachcrest Road 

crossing (storage segment 48), flows were simulated for selected storm events. 

No new retention structure was proposed. Only th e  existing culvert size at Peachcrest 

Road was reduced to 4'x20' with a 30' trapezoidal weir with 1:1 side slopes at 

Elev. 903.0. The aim was to see that the 100-year flood elevation would not 

exceed elevation 905.0. Above that elevation one house would be flooded and at 

elevation 910, five houses would be flooded by the backwaters from the retention. 

Table 8-5 shows the specifications for storage segment 48. The specifications 

for other segments would remain the same as those given by Table 8-2. Table 8-6 

summarizes the results of this simulation and shows that the reduction in peak 

flows due to storage 48 would be insignificant for smaller storm events while in 

case of the largest events (July 10, 1928) the reductions were 16% in both segments 

57 and 61. A reduction of 16% in the larger peak flows would not begin to eliminate 
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Table 8-4. Comparison of Selected Floods for Segments 57 and 61 
Before and After Development 

Date of Storm Peak Flow (cfs) 
Existing Conditions 

Peak Flow (cfs) 
Before Development 

Percent 
Increase 

Segment 57 

Aug. 	24, 	1921 2814 1896 48% 

Jan. 	11, 	1925 1483 1342 11% 

July 10, 1928 3205 2811 14% 

Segment 61 

Aug 24, 1921 3095 2095 48% 

Jan 11, 1925 1723 1546 11% 

July 10, 1928 3630 3199 13% 
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Table 8-5. Specifications For Storage Segment 48 

Storage 
(Acre-Feet) 

Discharge 
(cfs) 

Elevation 
(Feet-MSL) 

Head 
(Feet) 

Surface Area 
(Acres) 

.000 .000 893.000 .000 .000 

.050 226.980 895.000 2.000 .050 

.287 641.997 897.000 4.000 .230 
1.317 912.978 900.000 7.000 .550 
5.388 1197.802 903.000 10.000 2.670 

14.811 1646.716 905.000 12.000 4.960 
24.235 2095.630 .000 .000 .000 

Table 8-6. Results of Study With Storage Segment 48 

Date of Storm Peak Flow (cfs) 
Without Storage 

Peak Flow (cfs) 
With Storage 

Percent 
Decrease 

Segment 57 

Aug 24, 	1921 2814 2502 11% 

Jan 11, 1925 1483 1458 2% 

July 10, 1928 3205 2707 16% 

Segment 61 

Aug 24, 1921 3095 2823 9% 

Jan 11, 1925 1723 1707 1% 

July 10, 1928 3630 3102 16% 
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the flood problem in the Brookfield Lane and Misty Valley Drive area. Moreover, 

it was observed that the flood elevation due to the flows of July 10, 1928 would 

exceed the target elevation of 905.0. 

V. Summary and Conclusion  

It was found that under the existing conditions frequent flooding would occur 

at the intersection of Beech and Bonway Drives and the Brookfield Lane and Misty 

Valley Drive area. This is mainly due to almost complete urban development of 

the watershed. The present study indicated that near Misty Valley Drive urban-

ization increased flood flows from 10 to 50%. Retention behind Peachcrest Road 

was found to be ineffective to eliminate present flood problems in Brookfield 

Lane and Misty Valley Drive area. 

Channel and culvert improvements from Bobbie Lane to Convair Lane may reduce 

flood problems at the junction of Beech and Bonway Drives. 

An economic analysis of measures for dealing with flood problems on 

Brookfield Lane and Misty Valley Drive should consider removal of houses fre-

quently flooded, flood proofing of homes less frequently flooded, and sizeable 

channel improvements. 
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SECTION 9 

Nancy Creek 

I. Physical Attributes of Watershed  

a. Location  

The portion of the Nancy Creek watershed examined in this study 

is the upper head water area. The Creek originates in Gwinnett 

County and flows west crossing Peachtree Industrial Boulevard and 

1-285 at about 1.48 and 2.34 miles respectively below the point of 

origin. The drainage area lying in Gwinnett County is only about 

160 acres. The west branch, the largest of 4 branches joining Nancy 

Creek, originates near the intersection of Mount Vernon and Chamblee-

Dunwoody Road, flows approximately southeast for about 1.6 miles and 

then flows south for about 1 mile to join the Creek below 1-285 at 

North Shallowford Road. The study area ends about 2000 feet below North 

Shallowford Road. 

b. Size  

The watershed has a total area of about 6790 acres. Several 

roads cross the creek and its tributaries within the study area with 

the more important roads, the drainage area at each road crossing, 

and the culvert sizes and capacities given in the Table 9-1. The 

capacity estimates are culvert discharges under the head at which 

flows just begin to overtop the road. 

c. General Drainage Patterns 

The basin and channel configurations are shown on Figure 9-1. 

About 70% of the area is developed, and the drainage is in natural 

channels. The main channel has a length of about 3.4 miles from 

its origin in subwatershed 14 to the end of study area, reach 64. 
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TABLE 9-1 

Drainage Areas at Culverts 

Road Drainage Area 
Acres 

Culvert 
Description 

Capacity 
cfs. 

eachtree Ind. 	Blvd. 726 3 - 4'X8' boxes 1722. 

illy Mill Rd. 1278 1 - 5.5'X20' 	Bridge 1248 

eeler Rd. 	(West Br.) 538 2 - 4'X8' boxes 958. 

eeler Rd. 	(East Br.) 637 2 - 4'X8' boxes 1086. 

eachford Rd. 1656 3 - 7'X9' boxes 2569 

I. 	Shallowford Rd. 4500 4 - 8'x8' boxes 3578 
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The west branch with 4 tributaries drains about 40% of the study area 

and has a length of 2.65 miles. In addition, the Creek has two middle 

branches of 7000 and 4000 feet draining the lower and upper middle 

basin respectively and an eastern branch of 4500 feet. Channel widths 

vary from about 10 feet in the upper reaches to about 40 feet in the 

lower reaches. 

d. Other Studies  

The U.S. Army Corps of Engineers completed a special flood Hazard 

Information Report including the Nancy and Peachtree Creek Basins 

in DeKalb County in October 1971. Since the study described herein 

covers only a small portion of the Corps' Study area,the Corps report 

does not go into sufficient detail to give such information as 100-

year flood flows in different reaches for direct comparison. However, 

the 100-year flood stages determined in Corps Study agree approximately 

with the 100-year flood stages estimate from the simulated flows in 

this study. 

e. Current Land Use  

About 70% of the basin has already been developed. More than 

half of the undeveloped area lies along the major highways. While 

most development is single family residences, multi-family apartment com-

plexes and industrial and commercial property are located along the 

major highways. Subwatershed impervious areas range from 2% to 72% 

of their respective total areas. 

f. Projected Land Use  

It is expected that the patches of undeveloped land remaining 

in various parts of the watershed will be eventually developed. For 

this study, it is projected that the undeveloped areas located along 
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major roads will be developed as multi-family apartment complexes 

and commercial property and the interior areas as single family 

houses. 

II. Map of Watershed  

Figure 9-1 outlines the total watershed and the subareas into 

which it is divided for analysis. Major drainageways are shown 

and divided into channel segments. The six road crossings listed 

in Table 9-1 involve culverts small enough to have a potential back- 

water effect, and a storage segment was added for each. The two 

culverts on Peeler Road were very close to each other; hence, only 

one storage segment was added to represent their combined effect. A 

schematic diagram of the segments of all three types is shown on 

Figure 9-2. 

III. Drainage Problems  

There are three general areas which have been affected by floods 

in the basin. 1) Tilly Mill Road: Water flowed two feet deep over 

the bridge during the 1973 floods, but no damageable property was 

located in the flood plain. 2) Vintage Lane: Severe residentail 

flooding occurred in 1973. A house near point A (Figure 9-3) had 

water two feet deep in living room. Flow in the tributary coming 

from the north aggravates the problem,but Nancy Creek is the main 

source of flooding. 3) Gainesborough Drive and Royal Court Area: 

Severe residential flooding has occurred in this area. Flood waters 

have been three feet deep at point A (Figure 9-4). The house near 

point B had water three feet in the backyard during the December, 

1973 flood. The flood plain is very wide and flat through this reach. 
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Figure 9-3. Map of Problem Area at Vintage Lane 
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Specific problems studied were 

1) Extent of potential flooding under the current development and 

channel conditions. 

2) Overtopping various culverts within the study watershed, 

3) Potential aggravation of flooding and drainage problems in the 

watershed by additional urban development, 

4) The hydrologic implications of addressing the present flooding 

problem by improving channels and adding storages. 

V. 	Description of Simulation Runs 

1. Existing Development  

The initial simulation sought to determine flood flows and flood 

elevation with the existing level of development in the watershed. 

The specific purpose was to estimate expected flood levels for various 

return periods at the problem locations and near the culverts. 

Table 9-2 shows the specifications for the source areas, channel 

segments, and the 5 storage segments. Table 9-3 shows the results 

of the flood frequency analysis for storage segment 41 and reaches 

46 and 64 which cover the problem areas. 

The bridge on Tilly Mill Road (Elev. 952.8) is overtopped by all 

floods having a 10-year return period or greater. 

Capacities of the existing channels in the two problem reaches 

were too low, and the flood flows were invariably in the flood plain. 

Since the flood plain in these reaches are broad and flat, vast areas 

are inundated. This inundation does, however, provide flood storage 

to reduce damages downstream. 
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Table 9-2. Specifications for Area, Channel and Storage Segments for Nancy Creek 

SPECIFICATIONS FOR SOURCE AREAS 
- . 	P 	  

NUMBER AREAeACRE 

PP 	P_P 	PPP 

FRACTION 	OF 	AREA 	WITH 	EACH 	SO/4. 	TYPE 
90 01 ,0 • 41 	 ,P41,0 410Poi ,P 	9,1 	. 	 p.-,. 

RAPID 	MODERATE 	SLOW 	IMPERVIOUS 
	 PPO PP IN  	 ... 	 

1 538,110 ,000 ,820 ,000 080 
2 449,950 ,000 ,780 ,000 ,220 
3 47,750 .000 ,900 ,000 ,100 
4 47,750 .000 ,940 ,000 ,060 
5 91,830 ,000 ,920 ,000 ,080 
6 122,130 ,000 ,870 ,000 ,130 
7 180,900 '400 000 ,000 ,300 
8 44,080 ,000 ,980 ,000 ,020 
9 56,010 ,000 ,910 .000 .090 

10 78,050 .000 4 570 ,000 ,430 
11 156,110 * 000 ,430 .000 ,570 
12 187,130 ,000 ,370 ,000 ,630 
13 111,110 ,000 ,550 ,000 ,450 
14 223,140 ,000 ,370 ,000 ,630 
15 185,490 ,000 ,580 .000 ,420 
16 128,600 ,000 ,460 ,000 ,540 
17 112,030 ,000 ,520 .000 .480 
18 77,130 .400 .650 ,000 ,350 
19 388,430 ,000 ,590 ,000 ,410 
20 391,180 ,000 ,700 ,000 .300 
22 31.220 .000 .790 ,000 .216 
23 129,480 ,000 ,900 ,000 ,100 
24 35,810 ,000 .590 ,000 ,410 
25 48,670 ,000 ,800 ,000 ,200 
26 36,730 $ 000 ,890 ,000 .110 
27 76,220 ,000 ,880 ,000 ,120 
28 269,050 ,000 ,750 ,000 4 250 
29 112.030 .000 ,800 ,000 .200 
30 41,320 ,000 .970 ,000 ,030 
31 247,930 ,000 ,570 ,000 ,430 
32 42,240 ,000 ,280 ,000 .720 
33 101,010 ,000 1 750 .000 ,250 
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Table 9-2 (cont'd) 

SPECIFICATIONS FOR CHANNEL SEGMENTS 
04110ww.P. 	41, W 	 

NUMBER 

	 ME 

TYPE 	LENGTH'FT 
11".0,41,01‘   	

a. II. 

SLOPE ROUGHNESS 

AVERAGE 
TRAVEL 

TIME(SEC) 

36 4 1040.00 ,01005 ,035 279,7 
38 4 3000,00 ,00683 ,035 420,4 
40 4 1300,00 ,00846 ,035 194,3 
42 4 1800,00 ,00556 , 035  311,3 
44 4 2550,00 .00784 $ 035 303,0 
46 4 1500,00 .00233 ,035 405.4 
48 a 1500,00 ,00367 ,035 260,5 
50 4 3050,00 ,00213 .035 695,4 
52 a 450,00 ,00890 ,035 53,9 
54 4 2700,00 ,00630 ,035 457,4 
58 4 1900.00 $ 00526 .035 370,1 
60 4 1950,00 .00436 ,035 4 17113 
62 4 2150,00 .00279 2 035 428,3 
64 4 2040,00 .00196 1 040 559,1 

DEFINITION OF NUMERIC CHANNEL TYPES 

1 RECTANGULAR 
2 TRIANGULAR 
3 CIRCULAR 
0 IRREGULAR WITH NC FLOOD PLAIN 
4 IRREGULAR WITH FLOOD PLAIN 

SPECIFICATIONS FCR STORAGE. SEGMENT 39 
s■ 

	

STORAGE 
	

DISC H ARGE 
	

ELEVATION 
	

HEAD SURFACE AREA 

	

(ACREoFEET) 
	

(CFS) 
	

(FEET..MSL) 
	

(FEET) 	(ACRES) 

* 000 ,000 950,000 .000 .275 
12,862 861,329 955,000 5,000 4.870 
49,602 1437.362 960,000 10,000 /0.000 
90,038 1722.176 963,000 13,000 13,000 
114,748 3140,884 965,000 15,000 16,160 
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STORAGE 
(ACRE•FEET) 

DISCHARGE 
(CFS) 

ELEVATION 
(FEETvMSL) 

HEAD SURFACE AREA 
(FEET) 	(ACRES) 

..... 0«0T•.. 	 V 	.0.10 0 V, 	 . 

Taole 9-2 kcont'd) 

SPECIFICATIONS FCR STORAGE SEGMENT 41 
• 

   

✓ I• 

 

    

	

STORAGE 	DISCHARGE 	ELEVATION 	HEAD SURFACE AREA 

	

(ACRE•FEET) 	(CFS) 	(FEEIPMSL) 	(FEET) 	(ACRES) 
... ,...r. .. 1..... ww • •••••••e.,, ......,,,.,..... er ..,......... .... * •  . 

	

* 000 	,000 
.016 	188,202 

	

3,219 	978,650 

	

26,980 	1248,391 

	

47.328 	3726.467 

944,800 
945,800 
950,000 
952.800 
955,000 

,000 
1,000 
5,200 
8,000 
10,200  

.000 
,033 

3.581 
8,750 
14,340 

SPECIFICATIONS FCR STORAGE SEGMENT 56 
V 0 

 

• • 

 

	

STORAGE 	DISCHARGE 

	

(ACPEwFEET) 	(CFS) 
rrr 10  

ELEVATION 
(FEET..P.1SL) 
V V 

HEAD SURFACE AREA 
(FEET) 	(ACRES) 
	 • 	 

	

.000 	.000 

	

1.100 	513,598 

	

18,425 	1460,765 

	

61,162 	1656,047 

	

60,604 	3511. 6 2 7  

	

139.564 	10473,691 

948,000 
950,000 
955,000 
956,000 
958,000 
960,000 

.000 
2,000 
7,000 
8,000 

10,000 
12,000  

.000 
1.100 

11,390 
13,390 
19,390 
26,630 

SPECIFICATIONS FCR STORAGE SEGMENT 61 

	

,000 	.000 
	

923,000 	,000 	,000 

	

.172 
	

573,265 
	

925,000 
	

2,000 	,172 

	

2.285 
	

2006,429 
	

930,000 
	

7,000 
	

1.270 

	

22,680 
	

2569,089 
	

934.000 
	

11,000 
	

9,750 

	

45,643 
	

3576.377 
	

935.000 
	

12,000 
	

11,750 

SPECIFICATIONS FOR STORAGE SEGMENT 63 
100 0 /00 PV_ 	 VP . 	0 0 0 , 

STORAGE 
(ACREINFEET) 

,000 
.015 

2,529 
44,507 
166.156 
190.194 
382,850 

DISCHARGE 
(CFS) 

0000 V V_ 

,000 
181,584 

1235,906 
28 118 88 1 
3578.082 
5226,805 

30896,957 

ELEVATION 
(FEET-MSL) 

916,000 
917,000 
920,000 
925,000 
929,000 
930,000 
935,000 

HEAD SURFACE AREA 
Ir.FFET) 	(ACRES) 

• 0 	0 	0 0 

	

,000 	.000 

	

1,000 	.030 

	

4,000 
	

3,673 

	

9,000 
	

18,640 

	

13,000 
	

30,830 

	

14,000 
	

32,830 

	

19,000 
	

-54,500 
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Table 9-3. Floods for Segments 41, 46 and 
64 for Nancy Creek with Existing 
Conditions 

Return 	 Probability of 	Flood 	Water Surface 
Period 	 Exceedance (%) 	Flows 	Elevations 
(Years) 	 (cfs) 	 (feet)  

Segment 41  

1 
2-year 50 904 949.8 
5-year 20 1270 952.0 

10-year 10 1480 953.1 
25-year 4 1750 953.4 
50-year 2 1950 953.5 

100-year 1 2150 953.7 

Segment 46 

2-year 50 1460 
2 

6.8 
5-year 20 1980 8.1 

10-year 10 2320 8.6 
25-year 4 2750 9.0 
50-year 2 3070 9.3 

100-year 1 3390 9.6 

Segment 64 

2-year 50 2210 
2 

8.3 
5-year 20 2830 9.5 

10-year 10 3250 10.1 
25-year 4 :3770 10.6 
50-year 2 4150 10.8 
100-year 1 4540 11.2 

1From mean sea level. 

2From channel bottom. 
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2. Projected Development with Current Channel System 

This simulation is based on complete watershed development and 

an assumption that the current channel system will remain unchanged 

from present conditions. Table 9-4 shows the projected specifications 

for the source areas. Table 9-5 shows the results of the flood 

frequency analyses for the same segments as simulation 1. Increases 

in peak flows ranged from 30% for segment 41 to 5% for segment 64. 

3. Inclusion of a Dam on West Branch  

Flows were simulated for the storm event producing the largest 

flows in the first simulation, July 10, 1928, in order to evaluate 

the effect of a dam on the west branch in reducing downstream peak 

flows. The suitable site for a dam appeared to be the end of reach 

58 with a design water surface at elevation of 950.0. Segment 58 was 

converted into a storage segment with a detention structure at its 

lower end. The changes in input data are the outlet works of 

storage segment 58. The specifications for all other elements re-

main the same as those given in Table 9-2. 

The results of this simulation shows that the proposed detention 

storage is not effective in reducing peak flows downstream. 

V. Summary and Conclusions  

It was found that prevention of flood damages in the portion of 

the Nancy Creek basin included in the present study would require 

channels of much larger capacity that those existing. Channelization, 

however, would be costly and would aggravate flooding downstream. 

Construction of a detention dam on West Branch did not substantially 

reduce downstream flood problems An economic analysis of the flood 
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Table 9-4. Specifications for Area 
Segments With Projected Development 

-SPECIFICATIONS FCR SCURCE AREAS 

NUMBER 	AREAIRACRF 
loMMFOOlp.M0 

M.11, 	  

FRACTION OF 	AREA 	WITH EACH SOIL 	TYPE 
	 RIM 	 MR0M11 0P,S0 	Timms. 	  

RAPID 	MODERATE 	SLOW 	IMPERVIOUS 

1 538,110 ,000 ,660 ,000 ,340 
2 449,950 2 000 ,680 ,000 ,320 
3 47,750 000 ,580 ,000 4 420 
a 47,750 ,000 $ 750 ,000 ,250 
5 91,830 0 000 ,580 ,000 ,420 
6 122,130 4 000 ,750 ,000 ,250 
7 180,900 ,000 ,400 4 000 ,600 
8 
9 

44,080 
56,010 

0 000 
,000 

0 400 
1 400 :000000 

,600 
0 600 

10 78,050 ,000 0 300 ,000 ,700 
11 156,110 •00 0  050 ,000 ,850 
12 187,330 ,000 ,300 0 000 4 700 
13 111.110 ,000 ,400 ,000 ,600 
14 223,140 4 000 $ 150 ,000 050 
15 185,490 .000 4 150 $ 000 ,850 
16 128,600 ,000 ,300 ,000 ,700 
17 112,030 ,000 ,520 # 000 ,480 
18 77,130 ,000 ,600 0 000 ,400 
19 388,430 000 4 500 ,000 ,500 
'20 391,180 ,000 4 400 .000 ,600 
22 31,220 4 000 ,750 

900000 
.250  

23 129,480 ,000 $ 750 ,000 4 250 
24 35,810 ,000 ,590 ,000 ,410 
25 48,670 .000 1 400 ,000 ,600 
26 36,730 ,000 4 600 ,000 0 400 
27 76,220 1 000 2 700 ,000 $ 300 
28 269,050 0 000 ,750 ,000 ,250 
29 112,030 0 000 ,750 ,000 ,250 
30 41,320 ,000 4 750 ,000 ,250 
31 247,930 ,000 ,500 ,000 # 500 
32 42,240 4 000 ,150 ,000 ,850 
33 101,010 ,000 4 750 ,000 ,250 
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Table 9-'). Floods for SegmenL; 41, 4h and 
64 for Nancy CrPek with 
Development 

Return 
Period 
(years) 

Prol-ahitlty of 
Exrppdanc0 	(%) 

Flood 

(ci s) 

119c) 

Water Surface 
Elevations 
(feet) 

Segment 41 

50 
1 

952.8 2-year 
5-year 20 1630 953.2 

10-year 10 1920 953.5 
25-year 4 2290 953.8 
50-year 2 2570 954.1 

100-year 1 2840 954.3 

Segment 46 
2 

2-year 50 1700 7.5 
5-year 20 2i30 8.5 

10-year 10 2 7 40 9.0 
25-year 4 3270 9.i 
50-year 2 3660 9.8 

100-year 1 4040 10.1 

Segment 64 

2 
2-year 50 2420 9.0 
5-year 20 2990 10.0 

10-year 10 3380 10.2 
25-year 4 3860 10.7 
50-year 2 4220 11.0 

100-year 1 4570 11.2 

1
From mean sea level. 

2
From bottom of channel. 
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control alternatives is needed to select, suitable methods for re-

lieving the problems in Nancy Creek. Purchase of property in the 

flood plain and flood proofing need to be considered. 
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ABSTRACT 

Urban development has occurred so rapidly in the Atlanta Metropolitan Area 

that the citizens and their governments have not been able to deal adequately 

with the associated flood and drainage problems. As the idealistic approach of 

locating everyone and everything on higher ground is costly if not impossible, 

the welfare of DeKalb County can best be served by a combination of 1) tributary 

area land use planning, 2) flood plain management including land use planning 

and regulation of flood plain building practices, and 3) structural measures 

involving detention storage and drainage system improvements. Selection of a 

successful combination requires information on how land surfaces and drainageways 

respond to a variety of precipitation patterns. Since watershed configurations' 

and precipitation patterns are so complex and varied, hydrologic simulation is 

the only method powerful enough to determine fully the effects of land use and 

channel changes on flood elevations. 

In order to provide a working simulation model for use by DeKalb County, 

the Urban Flood Simulation Model was developed. Rainfall, streamflow, and soils 

data were analyzed with the Stanford Watershed Model to develop an historic 

data file of rainfall excess for the range of land surface conditions found in 

DeKalb County. The Urban Flood Simulation Model simulates floods given the 

data file and prescribed physical characteristics of as many as 100 area, channel, 

and storage segments in a selected drainage area (Snapfinger Creek for example). 

The Model will calculate flood elevations and assocaited probabilities for critical 

points specified in the input data. Though collecting, coding, and checking the 

data on the physical characteristics may take a man-month or more, depending on 

watershed size and resolution, once the coding is complete it is relatively easy 

to explore the effects of changing land-use, altering the drainage system, or 

adding detention storage. 
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The procedures used in developing the file of runoff data, the computational 

framework, the computer programming, and the recommended procedures for collect-

ing and coding data on drainage characteristics are all described in a companion 

report, "Part 1. Documentation and Users Manual." The second report, "Part 2. 

Applications to Selected DeKalb County Watersheds," illustrates use of the model 

in hydrologic studies. Eight DeKalb County watersheds were studied in varying 

degrees of detail, and preliminary assessments were made of the hydrologic aspects 

of the problems and potential solutions. This report, Part 3, describes elements 

of the study associated with the establishment of six DeKalb County gaging stations 

for the collection of rainfall and streamflow data. These gages, which will be 

operated by the county, will provide hydrologic data which can be used to refine 

present model calibaration. 
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SECTION I 

Introduction 

DeKalb County is currently faced with many difficult hydrologic 

problems such as flooding, erosion, and diminishing water quality. 

Hydrologic simulation is a tool that planners and engineers can use 

to help solve some of these problems. In order to provide a working 

simulation model for use by DeKalb County, the Urban Flood Simulation 

Model (UROS4) was developed at Georgia Tech. This model simulates 

the hydrologic processes which determine the rate and volumes of storm 

runoff and the resulting streamflow. These processes include precipi-

tation, evaporation, transpiration of plants, infiltration of water into 

soil, drainage of storm water over the ground surface, movement of water 

down the stream channel system, and storage and detention of water on 

the ground surface, in the soil, in stream channels and in lakes and 

reservoirs. 

The DeKalb Model, UROS4, is general in nature and can be used to 

simulate a wide range of hydrologic conditions and watershed character-

istics. By the correct selection of the values of the constants (para-

meters) that occur in the mathematical expressions which make up the 

model, this general model can be used to simulate specific watersheds 

and drainage systems. 

The selection of appropriate parameter values is referred to as 

model calibration and is one of the most important parts of a simulation 

study. Model calibration is an iterative procedure which involves (1) 

initial estimation of parameter values, (2) simulation of historical 

(previously measured and recorded) storm runoff events (floods), 



(3) comparison of simulated and measured floods, and (4) adjustment of 

parameter values to bring simulated floods in line with historical 

data. This process is repeated until the model is capable of repro-

ducing the historical events. 

Calibration of the DeKalb Model has, by necessity, been accomplished 

with data from watersheds outside of DeKalb County but within the 

metropolitan Atlanta area (see ref. 1). At least.two years of rainfall 

and streamflow records are required for model calibration, and records 

of this length were not available within the County at the time of the 

Georgia Tech study. Therefore, as part of the Georgia Tech study of the 

DeKalb flooding situation, rainfall and streamflow gages were installed 

and will be operated by the County to collect additional information 

which can be used to refine the present model calibration. Collection of 

this additional data is needed even though some data of this type are 

currently being collected in the County by the U. S. Geological Survey. 

The characteristics of the soils in a watershed can significantly 

affect the quantity of water which moves rapidly to a stream following a 

rainstorm. Therefore, the Georgia Tech gages have been located on 

some watersheds which contain very porous soils and on some which contain 

very tight or impermeable soils so that the entire range of soil types pre-

sent in DeKalb County will be included. The degree to which the watershed 

has been developed is also a significant factor in determining the amount 

and rate at which runoff builds up in the streams, and the gages have been 

located to cover a range of land use and development. 

The streamflow gaging procedures adopted for this study require the 

gaging stations to be located near the entrance to culverts through 
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which the stream is flowing. Hydraulic characteristics of a culvert 

are affected by the geometry of the culvert, by the geometries of the 

channels upstream and downstream of the culvert, by the slope of the 

culvert, and by the presence of silt or debris in the channel and 

culvert. Many culverts, because of their undesirable hydraulic 

characteristics, are not suitable for gage location. Since rainfall is 

recorded at the site of the streamgage, the site must be free of over-

hanging vegetation and should not be too close to tall trees or 

buildings which could affect the rain gage catch. Therefore, an important 

phase of establishing the location of the gages was to eliminate potential 

sites which did not have acceptable hydraulic characteristics or which 

did not permit reliable rainfall measurements. 

The purpose of this report is to describe in detail the various 

activities and criteria that were involved in the selection of the gage 

locations, to describe the watersheds selected for gaging, and to 

describe the gage site and the associated flow rating curves. 
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SECTION II 

Criteria for Site Selection 

For an orderly study to be conducted, it was necessary to develop 

criteria to be used for selection of the gaging sites. These criteria 

were then used as a basis for the development of a procedure for site 

selection. 

Preliminary Data Collection  

One of the initial steps was the collection of numerous forms 

of data which were analyzed and stored for future use. A composite 

map was developed which showed the location and watershed boundaries 

of all U.S.G.S. gages in the County, along with the twelve watersheds 

which the County Planning Commission had indicated as problem areas. 

This map also served as an index for the U.S.G.S. quadrangle sheets 

and the large-scale (1" - 200') planning maps provided by the County. 

Another map was developed which showed the limits of all Corps flood 

plain information reports. (None of the proposed Georgia Tech gage 

sites were covered by the Corps reports). Meetings were held with 

County planning officials and the County drainage engineer. Both the 

Mobile and Savannah Districts of the Corps of Engineers were contacted. 

The Mobile District furnished cross-sections for Burnt Fork, Lullwater, 

and Peavine Creeks, copies of flood plain information reports, and a 

set of curves depicting discharge versus drainage area for 10-, 100-, 

and 500-year floods. The Savannah District furnished copies of flood 



insurance studies for both the City of Decatur and DeKalb County, a 

summary list of all flood plain information studies in the area, and 

regional flood frequency curves developed from data collected in the 

vicinity around Atlanta. 

General Criteria  

Three general criteria were developed which centered around (1) 

the soils to be found in watersheds of the County, (2) the land use and 

stability of land use in the watersheds, and (3) the hydraulics of the 

culverts where the gages were to be installed. 

Analysis of Soils Data. The permeability of a soil is a measure 

f the rate at which water can be transmitted through the soil, and it 

is a factor in estimating the rate at which rainfall can be absorbed by 

the soil. Thus, it was considered likely that soils of different 

3ermeabilities would have different runoff characteristics. Consequently, 

t was decided to cover by the gaging progrms the entire range of 

permeability values which are found in DeKalb County. 

To evaluate the permeability of the various soil associations, 

several meetings were first held with the U.S. Soil Conservation Service 

(S.C.S.) which has a comprehensive soils study presently underway for 

DeKalb County. Although this study was not to have been completed until 

:Ifter the watershed study, the agency was very cooperative in providing 

basic soils data which had already been collected. In addition, a 

,eneral Soils Map and brochure entitled "Soils Interpretation for Regional 

Planning in Metropolitan Atlanta" was completed by the S.C.S. for the 

Atlanta Regional Commission in 1967 and was available for the Tech study. 
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The 1967 soils map shows the distribution of soil associations 

throughout the county (Fig. 26, Ref. 1). Soil associations represent 

soils that occur together in a characteristic pattern, and may consist 

of a few or many soils which may be of similar or different types. 

Although closely associated geographically, the soils of an association 

may differ in permeability. .Thus, it was necessary to examine the 

permeability of the individual soils comprising the associations. 

The individual soils found in DeKalb County are listed in 

Table 1 along with average permeabilities and the hydrologic soil 

group to which each soil belongs. The average permeability assigned 

to each soil is a weighted value based on the thickness and permeability 

of various layers which make up the soil profile. Information on 

the layering of the soils was furnished by the S.C.S. The permeability 

of each layer was classified by the S.C.S. according to the scale 

shown in Table 2, and the averaging was done by Georgia Tech. For 

comparison, the description of the four hydrologic soil groups used 

by the S.C.S. are presented in Table 3 and the group pertaining to 

each soil is listed in Table 1. 

The next step in the soils analysis was to combine the permeability 

data for each soil to provide a weighted permeability for each soil 

association. The weighted average permeability was computed by 

multiplying the average permeability of each soil, as given in Table 

1, by the percentage of occurance of each soil in the association. 

For example, soil association number 2, as shown in Table 4, is 

composed of 50% Wilkes, 	20% Iredell, and 20% Mecklenburg with 10% 

unspecified. The resulting weighted permeability is 

(50 x 0.6) + (20 x 0.2) + (20 x 0.2)  = 0.42 inches/hr. 

90 
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Table 1. Permeability of DeKalb County Soils 

Average 
Permeability 	 Hydrologic 

Soil 	 (inches/hour) 	 Soil Group  

Altavista 	 2.0 

Appling 	 1.8 	 B 

Alluvial 	 4.0 	 B 

Cecil 	 1.8 	 B 

Chewacla 	 1.3 	 C 

Congaree 	 1.9 	 B 

Davidson 	 1.8 	 B 

Gwinnett 	 1.3 	 B 

Iredell 	 0.2 	 D 

Linker 	 2.2 	 B 

Louisa 	 2.2 	 B 

Louisburg 	 13.0 	 B 

Madison 	 1.3 	 B 

Mecklenburg 	 0.2 	 C 

Musella 	 2.2 	 B 

Pacolet 	 1.8 	 B 

Red Bay 	 1.3 	 B 

Wedowee 	 2.2 	 B 

Wehadkee 	 1.8 	 D 

Wickham 	 1.8 	 B 

Wilkes 	 0.6 	 C 
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Taole 2. Classification of Soil Permeabilities 

permeability Class 
Numerical Range 
(inches per hour) 

Average Rate 
(inches per hour) 

Very slow 	(VS) Less than 0.06 - 

Slow (S) 0.06 - 0.2 0.13 

Moderately slow (MS) 0.2 - 	0.6 0.40 

Moderate (M) 0.6 -,2.0 1.30 

Moderately rapid (1E) 2.0 - 	6.0 4.00 

Rapid (R) 6.0 -20.0 13.00 

Very rapid MO More than 20 

Table 3. Hydrologic Soil Groups (S.C.S.) 

Hydrologic 
Soil Group  Description  

A 
	

Soil with lowest runoff 
potential. Deep sands . 
with very little silt and 
clay. 

B 
	

Mostly sandy soils less 
deep than A. 

C 
	

Shallow soils and soils 
. containing considerable 
clay. 

Soil with highest runoff 
potential. Clay soils and 
shallow soils with impermeable 
subhorizons. 

1 
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Table 

SOILfr 

4. 	Permabllitles Assigned to Soil Associations 

SOIL ASSOCIATION 	%COMPONENTS PERMEABILITY HYDROLOGIC GROUP 
1st 2nd 3rd 1st 2nd 3rd wt ave 1st 2nd 3rd wt ave 

1 Alluvial Land 
Chewacla- 
Weh Adkee 60 20 10 MR M M 3.16 B C D B 

lA Congaree-Chewacla 
Weh Adkce 50 20 15 M M M 1.74 B C D B 

2 Wilkes-Iredell 
Mecklenburg 50 20 20 MS S 	S 	.42 C D C C 

3 Madison-Louisa 
Pacolet 45 25 15 M MR M 1.65 B B B B 

4 Appling-Cecil 
Madison 45 30 10 M M M 1.74 B B .B 

5 Madison-Pacolet 
Gwinnett 40 25 20 M M M 1.45 B B B B 

6 Gwinnett-Pacolet 
Musclla 45 25 15 M M MR 1.61 B B B B 

7 Cwinnett-Davidson 
Musella 45 25 15 M M MR 1.61 B B B B 

8 Louisburg-Wedowee 
Pacolet 40 30 20 R M M 6.91 B B B B 

9 Appling-Louisburg 
Pacolet 50 25 15 M R M 4.91 B B B B 

10 Madison-Pacolet 
Gwinnett 40 30 20 M M M 1.47 B B B B 



11 Linker-Louisburg 
Musella 60 15 10 MR R MR 4.11 B B B 

12 Pacolet-Gwinnett 40 35 10 M R 2.91 B B B 

13 Wickham-Altavista 
Red Bay 65 20 10 M M M 1.79 B C B 

14 Appling-Pacolet 
Louisburg 60 20 10 M M R 3.04 B B B 

15 Wilkes-Cwinnett 
Musella 50 30 10 MS M MR 1.01 C B B 

16 Appling-Pacolet 
Gwinnett 40 35 10 M M M 1.84 B B B 

17 Louisburg-Pacolet 
Wedowee 37 35 21 R M M 6.35 B B- B B 

18 Rock Outcrop - - - VS 0.0 D D 

19 Made Land 

20 Unclassified 



on the basis of the average weighted permeabilities shown in Table 

4, each soil association was assigned to one of the S.C.S. groups 

shown in Table 5. 

Objectives of the gaging program were to measure runoff from 

watersheds representing the range of permeabilities found in DeKalb 

County and to supplement other gaging programs which have recently 

been initiated. To accomplish these objectives the watersheds being 

saed by the U.S.G.S. were analyzed to determine their average permea-

bilities. This was done by measuring the percentage of each U.S.G.S. 

watershed covered by the various soil associations and computing an 

average permeability for each watershed. The results (see Table 6) 

show that most of the U.S.G.S. watersheds have moderate permeability 

and that no watersheds with slow or rapid permeabilities are being 

gaged. Inspection of the soils map (Fig. 26, Ref. 1) shows the presence of 

soils with slow permeability in the southwest part of the county and 

soils with rapid permeability in the east boundary of the county. 

Therefore, potential gage locations were determined to be in these areas. 

Analyses of Land Use.  Land use can have a strong influence on 

runoff characteristics. The U.S. Geological Survey had divided land 

use in their gaged watersheds into the following six catagories: 

1. Single-family residences 

2. Multi-family residences 

3. Commercial' 

4. Industrial 

5. Parks 

6. Undeveloped 

Land use in the U.S.G.S. watersheds was analyzed and an attempt was made 

10 



Table 5. General Classification of Average Permabilities of 
Soil Associations 

Permeability  

Very slow (VS) 

Mbderately 
Slow (MS) 

Moderate (M) 

Moderately 
Rapid (MR) 

Rapid (R) 

Soil Association Number  

18 

2 

IA , 3,4,5,6,7,10,13,15,16 

1,9,11,12,14 

8,17 
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6. Permeabilities of Watersheds Gaged by U.S.G.S. 

Soils Associations and Percent in 	 Weighted 
Site Number * 
	

Drainage Basin 	 Permeability for 
Drainage Basin 
(inches/hour) 

1-9% 10-38% • 5-53% 1.61 
7 1-11% 12-25% 10-12% 5-52% 2.01 
S 1-11% 12-33% 5-56% 2.12 
9 1-9% 12-15% 10-26% 5-50% 1.83 
12 1-12% 10-35% 5-31% 20-22% 1.72 
16 1-14% 10-39% 5-47% 1.69 
21 1-10% 12-47% 5-43% 2.31 
26 1-7% 10-9% 5-15% 20-69% 1.82 
27 1-9% 10-32% 5-59% 1.61 
29 12-44% 5-59% 2.09 
J. 1-8% 12-43% 5-49% 2.21 

1-14% 10-4IZ 5-45% 1.70 
:b371 1-10% 12-51% 5-39% 2.37 

A-336i7 1-4% 10-44% 5-52% 1.53 
20•100Z 

' For site locations see Figures 21 and 22, Ref. 1. 
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to augment their coverage with the Georgia Tech gages wherever 

possible. The land-use characteristics of the recently installed 

U.S.G.S. gages are shown in Table 7. 	It was also desirable 

for the pattern of land use to be relatively stable in each watershed, 

a requirement for a straightforward evaluation of streamflow records 

and watershed model calibration. 

The land use characteristics of the watersheds tentatively 

selected for the Georgia Tech gaging program were subdivided in a 

manner similar to that used by the U.S.G.S. Photo revised quadrangle 

maps, aerial photographs, and field inspections were used in making 

this analysis. 

Data previously compiled by the County was obtained and studied 

to gain an understanding of present and expected future patterns of 

land use. DeKalb County planning officials were also consulted about 

the possibilities of future development in the watersheds proposed for 

gaging. Three separate map sources were used by the County planners 

as a basis for forming opinions concerning future land use. The water-

sheds were located on the General Soils Map to determine the suitability 

of the soils in the area for future development. The watersheds were 

also located on long-range sewerage plans developed by the County. 

Since rapid changes in land use normally follow new sewerage systems, 

this method provides a good indication of stability. Finally, composite 

land use maps were investigated. 

Culvert Hydraulics.  Consideration of culvert hydraulics is a 

very important aspect in the selection of sites for streamflow gaging 

stations. The placement of a roadway fill and culvert in a stream may 
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Table 7. Land Use in Watersheds Gaged by U.S.G.S. 

CAGE LOCATION 

SFR 

1 

*•AYD USE IN% 

PRKS 

5 
UND 

6 

USGS Gage Sites MFR 

2 
COM 

3 
IND 

4 

Shoal Cr. 	at Line St. 62 8 7 2 16 5 

Cobb Cr. at Snapfinger Rd. 42 21 7 0' 0 30 

Trib. to Shoal Cr at 
Glendale Rd. 72 0 9 0 9 10 

Shoal Cr. at Rainbow Dr. 4 4  20 0 12 20 

Sugar Cr. at Clifton 
Church Rd. 52 7 6 2 8 25 

S. Fork Peachtree Cr. 
at Montreal Rd. 30 • 	6 6 18 0 40 

Trib. to N. Fork at 
Drew Valley Rd. 90 0 0 10 0 0 

N. Fork at Shallowford Rd. 29 1 7 12 6 45 

Trib. to S. Fork at E. Rock 
Springs Rd. 64 18 2 0 6 8 

Trib. to S. Fork at Scott 
Blvd. 40 13 15 3 19 10 

Trib. to N. Fork at 
Meadowcliff Rd. 72 0 - 	0 0 8 20 

Trib. to Nancy Cr. at 
Plantation La. 14 0 18 58 0 10 

South Utoy Cr at Adams Dr. 54 11 9 8 8 10 

Camp Cr. at Park Terrace 73 11 1 C 0 15 

Trib. to S. Utoy at 
Headland Dr. 85 15 0 C 0 0 

Trib. to S. Utoy at 
Woodberry Dr. 60 0 10 0 0 30 

Trib. 	to S. 	Utoy Cr. 	at 
Ft. 	V.11. 1 y 	Dr. 72 9 0 0 9 10 

S. Fork Peachtree Cr. 
at Willivea Dr. 7 7 21 0 30 
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cause an abrupt change in the character of flow, producing rapidly 

varied flow in which acceleration rather than boundary friction plays 

a primary role in determining the elevation of the water surface. 

The flow through a culvert can be classified as one of six types with 

with only two of these types of flow being well suited for the type 

of indirect flow measurement considered feasible for this study. This 

indirect method is used extensively to measure flood discharges from 

small drainage basins such as proposed for gaging by Georgia Tech, and 

has the advantage of eliminating the need for a control structure such as 

a weir. The six types of culvert flow can be classified on the basis 

of the control section and the relative heights of the headwater and 

tailwater elevations as summarized in Table 8. (2). The following general 

classification can be made from Table 8 and Figure 1: 

If 114 /D is equal to or less than 1.0 and (h1-Z)/D is less than 

1.5, only types 1, 2, and 3 flow are possible. 

If 11 4 /1) is greater than 1.0 only type 4 flow can exist. 

If 11 4 /D is equal to or less than 1.0 and (h 1  - Z)/D is equal to 

or greater than 1.5, only types 5 and 6 flow are possible. 

For flow types 1 and 2 various critical depths can be assumed, and 

the corresponding discharges and headwater elevations computed. 

Stage-discharge relationships can thus be readily calculated for cul-

verts where this type flow exists, and gage readings can be accurately 

interpreted from the time of installation. A rating curve for type 3 

flow is not readily developed ;  because the discharge is a function of 

both the outlet area and the fall between the headwater and tailwater 

pools. To develop a rating curve for type 3 flow the discharge must be 

computed for several combinations of tailwater elevation as well as fall. 

These discharges are then plotted against fall through the culvert (head- 
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Ta610 8. Classification of Culvert Flow 

Location 
Flow Barrel of terminal Kind of 
Type Description Flow section Control 

1. Critical Depth Partly Critical 
at Inlet Full Inlet Depth 

2 Critical Depth Partly Critical 
at Outlet Full Outlet Depth 

3 Tranuil Flow Partly 
Throughout Full Outlet Backwater 

4 Submerged Full Outlet Backwater 

5 Rapid Flow at Partly Entrance 
Inlet Full Inlet Geometry 

Full Flow, 
Free Outfall Full Outlet 

Entrance and 
Barrel Geometry 
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At Inlet 
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Pic  
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-------- -------------i------ 
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6 
Full Flow Free 

Outlet 
h
1 
 -Z 	> 1.5 

A 

hi 

1 

0 

D 

Figure 1. Classification of Culvert Flow 
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water minus tailwater) and curves drawn connecting points of equal 

tailwater. Computed rating curves for type 3 flow should be verified 

by current-meter measurements. Such measurements must be gathered over 

a wide range of flow conditions for adequate verification of the com-

puted rating curve, which usually results in a long period of time 

elapsing before gage data can be of value. A recent check by the 

U.S.G.S. on such a culvert in DeKalb County indicated that actual 

discharges were 75% less than those calculated using their culvert 

rating program. 

At many small-area gaging stations experience has shown that 

either types 1, 2, or 4 may be expected through a considerable range 

of discharge. At high heads, types 1 and 2 flow will usually change to 

either type 5 or 6 flow, respectively. For example, a steep culvert 

with free getaway might always support type 1 flow until the headwater-

diameter (H/D) ratio reaches 1.5, at which time flow may become either 

type 5 or 6. (2). 

For type 1 flow very reliable discharge computations may be 

expected up to a H/D ratio of 1.25. Good results may also be expected 

for type 5 flow when the flow condition is definitely known and the 

H/D ratio is greater than 1.75. For type 6 flow, good flow measurements 

may always be expected. In the range of transition between types of 

flow, better measurements may be expected from circular rather than 

box culverts, but the results should not be rated better than fair in 

either case. (2). 

For type 4 flow ponded conditions generally exist, which is not 

a desirable condition for accurate discharge measurements. 

For all kinds of indirect measurements the quality of the field 

data will be a factor in the accuracy of the measurement. Factors to 
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be considered are: 

1. Accuracy to which headwater and tailwater elevations can be 
determined. 

2. Stability of the approach channel. 

3. Closeness of the entrance conditions to that of a standard. 

4. Shape and condition of the culvert. 

5. Scour or fill in the culvert. 

6. Possibility of the culvert being partially plugged by debris 
at the time of peak. (2) 

Field Analysis of Culvert Hydraulics  

A preliminary field screening of proposed sites was conducted 

before detailed field data were obtained. Some watersheds which contain 

ponds or other forms of detention structures were eliminated from further 

consideration. This factor is important in small watersheds because a 

greater proportion of the total watershed is controlled by a given size 

lake. 

Both the approach to and the exit from the culvert should be 

fairly straight and perpendicular to the culvert headwall. Where the 

approach channel is curved, it is necessary to install a crest gage on 

each side of the culvert on the upstream side. This criterion should also 

be used for the exit channel. The U.S.G.S. follows such a policy, and 

has recorded as much as a foot of difference between two crest gages on 

opposite banks of a curved approach section. In all cases the recording 

gages are supplemented by at least one crest gage upstream and one 

downstream of the culvert. 

It is also important that the carrying capacity of the approach 

channel be greater than that of the culvert. If this condition is 
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not met, the required sudden contraction of the cross-sectional 

area between the approach section and the culvert will not occur. 

No tributaries should enter the stream between the approach section 

and the culvert. Such conditions would lead to erroneous discharge 

measurements since discharges are computed from stages measured at 

the approach section, and such measurements would not reflect the 

additional discharge from the tributary. This is an inherent problem 

for urban study areas. It is quite common in urban areas for storm 

drainage to follow the streets to a low point such as a creek and to 

be discharged at the culvert. This inflow is not accurately reflected 

in the discharge measurement. 

The culvert should be free of silt deposits. Cleaning the culvert 

will often not solve the problem, because the siltation problem is 

frequently caused by backwater effects which are independent of the 

culvert geometry. Many of the sites which otherwise appeared satis-

factory were eliminated due to the presence of silt. 

A very important factor of site selection is having the proper 

type of flow occurring in the culvert. The immediate downstream reach 

should be inspected for obstructions which might cause tailwater 

conditions sufficient to drown out critical flow in the culvert. 

As pointed out in the previous section, flows must reach critical 

depth either at the entrance or the exit of a culvert in order to 

obtain accurate data over a short period of time. The type of culvert 

should also be noted. If standard culvert rating procedures are to 

be used only circular pipes, pipearches or rectangular box culverts 

should be considered. 

Adequate freeboard above the top of the culvert is desirable to 
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L,,, I.. tn:,t t±-le road is not likely to be overtopped. if overtopping 

occurs a rating curve developed by a culvert rating will not reflect 

the actual flood discharge. The possibility of a large amount of 

ponding upstream of the culvert entrance should also be checked during 

preliminary screening. This condition can cause. inaccurate discharge 

measurement since the gage would, in effect, be measuring the outflow 

from a small reservoir rather than the inflow. 

(It is advisable to check with the owners of the land on which 

the gages are to be located early in the site selection procedure to 

gain tentative approval. For the DeKalb study this matter was handled 

by the County Right-of-Way Department.) 

Field data were obtained during the preliminary screening process 

and during gage installation. While the required field data are 

neither highly sophisticated nor time consuming to collect, the data 

should be thoroughly understood in order to eliminate return trips to 

any sites. There are two main functions of field data. First, it is the 

basis for determining the type of flow which occurs in the culvert - 

When final selection of sites is completed, it then provides the input 

data for computing the rating curve at the gaging station. 

It is convenient to use the elevation of culvert invert at the 

downstream end of the culvert as the zero gage elevation for flow 

calculations. The elevation of the upstream and downstream inverts are 

required along with the length of the culvert in order to determine 

its slope. Complete details of culvert dimensions must be obtained. 

These include culvert projections, wingwall angles, size of fillets 

and chamfers, degree of entrance rounding, size and shape of opening, 

and type of entrance. The material of which the culvert is made must be 

described as well as its condition (good, fair, poor). For multiple 

culverts the minimum web thickness between each barrel should be recorded. 
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Roughness coefficients (n) for use in the Manning equation were 

selected (at the time of the field survey) for both the approach 

section and the culvert. 

As previously discussed, the capacity of the approach section 

must be greater than that of the culvert. On the other hand, if the 

area is more than five times the area of the culvert, then zero 

approach velocity may be assumed and the section is not required. 

To avoid the possibility of the approach section being within the 

drawdown region, the section should be located at least one culvert 

width upstream from the culvert entrance. Where wingwalls exist, the 

proper location is at a distance upstream from the end of the wingwalls 

equal to the width between wingwalls at their upstream end. If the 

wingwalls do not cause a significant contraction, the section may be 

closer, but not closer than one culvert width. One culvert width at 

multiple culverts may be considered as the sum of the individual 

culvert widths. The cross section should be taken at right angles to 

the channel. Roughness coefficients must be assigned to the channel 

and each overbank. 

High-water marks from previous storms are extremely valuable in 

estimating the type of flow which will occur in the culvert. These 

data provide the best method for determining if type 3 flow is 

occuring. The occurance of type 3 flow may eliminate the site from 

consideration for culvert rating purposes. High-water marks in the 

approach channel were obtained along the banks from the culvert 

entrance upstream a distance of at least two culvert diameters. 

Tailwater elevations were taken along the downstream embankment or 

channel. The elevation of several marks on each side of the culvert 
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were obtained. The points on each side were averaged if each appeared 

representative of the actual peak flood elevation. The elevation of 

the low point in the road profile gives quick indication if over-

topping by floodwaters is a problem. While it is not desirable, 

the site can still be used by considering the roadway as a broad-

crested weir (3) and adjusting the rating curve accordingly. One 

method of accomplishing this would be to use a computer program such 

as HEC--2 (3) which handles bridge routines involving combinations of 

flow conditions such as weir flow and culvert flow. Successive 

computer runs with a varied discharge can then be made to develop 

the composite rating curve. 

Determination of Flow Type 

It is not readily apparent by field inspection of a culvert what 

type of flow will occur. For type 1 flow to occur, the culvert slope 

must be steep, i.e., normal depth must be less than critical depth. 

For type 2 flow to occur conditions must exist such that critical 

depth occurs at the culvert outlet. For either case to occur, the 

elevation of critical depth above datum (downstream invert) must be 

greater than the tailwater elevation. 

A quick check for type 1 flow and type 2 flow was made with 

graphs such as those shown in Figure 9, Ref. 2. 

It was next determined if backwater drowns out the critical 

depth and causes subcritical flow. The occurance of backwater can 

be established, if it exists, from high water marks in the downstream 

channel. In the absence of highwater marks an approximate method 
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will provide an indication of flow conditions. Given a flow rate in the upstream 

channel and using any standard culvert design procedure, the headwater may be 

approximated in order to calculate a critical depth for the culvert using the 

procedure described above. For the tailwater a trapazoidal channel may be used 

to approximate the actual downstream conditions and normal depth computed using 

Manning's equation. This is obviously not as reliable as true measurements. 

A more sophisticated solution, which involves more field data, would be to 

acutally compute a backwater curve from some point downstream. 

Gage Instrumentation 

The purposes of the instruments installed at each gage site are (1) to 

provide a continuous record of the water surface elevation in the creeks up-

stream of the culvert, (2) to provide a continuous record of the rainfall 

accumulated at the site, and (3) to provide a separate record of the maximum 

elevation of the water level at the gages and at the downstream end of the 

culverts at which the gages are located. The layout of a typical installation 

is shown on Figure 2. 

A single clock driven recorder was used to provide the continuous records 

of water elevation and precipitation. A Stevens Type A Model 71 Water LeVel 

Recorder with a mechanical rainfall recording accessory was selected for this 

purpose because it was the least costly reliable instrument available which 

allowed for the simultaneous recording of both rainfall and streamflow. This 

instrument records, on a strip chart, the elevation of a float in the gage 

stilling well and the elevaton of a float in the rain collector. Water from 

the creek flows into the stilling well through an inlet pipe laid from the 

bottom of the creek to the stilling well. Thus, the water in the stilling 

well stays at the same elevation as the water in the creek upstream of the 

culvert. The rain collector is mounted on the side of the box housing the 
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Point  

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

Description  

Invert at downstream end of culvert 
Water elevation in channel at downstream end of culvert-low flow 
Elevation of zero mark on downstream crest gage 
Invert at upstream end of culvert 
Elevation of zero mark on upstream crest gage 
Top of reference rod 
Elevation of invert of intake to stilling well 
Street elevation 

Figure 2. Typical Gage Installation 



recorder. A float in the rain collector is connected to a pen on the recorder, 

and thus a continuous record.of the accumulated rainfall is obtained along with 

a record of the water surface elevation. 

Crest stage gages were installed at the upstream and downstream end of 

each culvert used for gaging. The purpose of these gages is,to provide a record 

of the maximum water level which occurs during the period between visits to the 

site for data collection and instrument maintenance. A crest stage gage con-

sists of a 2-inch plastic pipe with a graduated rod mounted inside. A small 

cup is attached to the bottom of the rod and the cup is filled with powdered 

cork. The pipe is mounted vertically on a post or on a culvert headwall, and 

when the water in the creek rises, water enters several small holes in the 

bottom of the pipe and floats the powdered cork. When the water recedes after 

a storm, the cork adheres to the graduated rod at the highest elevation reached 

by the water. When the gage is serviced, the powdered cork is wiped from the 

graduated rod and the cup refilled in preparation for the next period of 

measurement. The high water marks on the crest stage gages make it possible 

to check the high water elevation shown on the recorder chart, and, in the 

event that the recorder malfunctions during the storm, they provide a back up 

measurement which permits the peak flow during the storm to be determined. In 

those installations where the stream approaches the culvert at an angle, crest 

gages are installed on both sides of the creek to determine if the water level 

is higher on one side than the other. In this case the recorder values may 

be either too high or too low, and the values can be adjusted by averaging the 

elevations across the creek. 

A crest stage gage was also installed at the down stream end of each culvert. 

The flow rate through the culvert is, in some cases, determined by both the 
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headwater and tailwater elevations (see previous discussion on culvert hydraulics). 

To determine the type of flow occuring at the culvert, and hence the rate of 

flow, upstream and downstream water surface elevatons are required. 
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SECTION III 

Watersheds Selected for Gaging 

Approximately 60 sites were evaluated by the procedures previously discussed, 

and six of these sites were judged acceptable for gaging. The culverts at these 

six sites appeared to be experiencing either type 1 or type 2 flow, and all 

sites were adequate for the location of rain gages. The sites selected and 

summaries of their characteristics are discussed below, and the locations of 

the gaged watersheds are shown on Figure 3. The layout of a typical gage in-

stallation is shown in Figure 2. 

SITE 1: Womack Creek Gage.  The gage site is at a culvert which passes 

under Courtleigh Drive approximately 150 feet north of the intersection of 

Courtleigh Drive and Cambridge Drive. The creek is a headwater tributary to 

Womack Creek and drains a watershed of about 84 acres. The watershed is 

completely developed in single family residences and development conditions. 

are expected to remain stable, with about 25 per cent of the watershed estimated 

to be covered by impervious surfaces. The soils in the watershed are of 

moderately rapid permeability. This watershed is a subarea of the Womack Creek 

watershed that was studied with the simulation model. The results of 

this study are described in reference 4. 



The culvert under Courtleigh Drive is a 79" x 49" corrugated metal 

pipe arch 48.8 feet long with upstream and downstream wingwalls at 

approximately 30 °  angles to the centerline of the pipe. The slope of 

the pipe is 0.0236. The water level recorder is located about 12 

feet upstream of the headwall. Specific elevations for the Womack 

Creek installation are as follows: 

ITEM 	 ELEVATION(ft. above downstream invert) 

(1) Invert at downstream 	 0.00 
end of culvert 

(2) Water elevation in channel 	 -1.2' (approx.) 
at downstream end of culvert 
under low flow conditions 

(3) Elevation of zero mark on 	 -0.63' 
downstream crest gage 

(4) Invert at upstream end of 	 1.15' 
culvert 

(5) Elevation of zero mark on 	 3.36' 
upstream crest gage 

(6) Top of reference rod 	 2.57' 

(7) Elevation of invert of intake 	 1.41' 
to stilling well 

(8) Street elevation 	 7.0' (approx.) 
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The geometry of this installation indicates that type 1 flow will 

occur through the range of flow conditions expected at this site. The 

rating curve for type 1 flow at this site is shown on Figure 4. The 

rating curve is based on a datum of 0.0 feet at the downstream invert of 

the culvert. To correlate the reading on the recorder with the zero 

datum, a reference rod has been placed in the stream near the intake 

to the stilling well. 	The top of the reference rod is 2.57 feet above 

zero, and marks are inscribed on the rod at 0.1' intervals. When the 

recorder is serviced, the water level on the reference rod is read. 

This value is recorded by the reader and marked on the recorder chart. 

All water levels recorded on the recorder chart are then referenced to 

this elevation. 

Site 2: Jackson Creek Gage. The gage on Jackson Creek is located at a 

culvert which carries the creek beneath West Hampton Drive in Tucker. 

A short distance downstream from the gage the creek flow into Gwinnett 

County where it is tributary to the Yellow River. Upstream of the 

gage the creek drains 278 acres. The watershed is bounded approximately 

by Lawrenceville Highway on the south and east and on the west and 

north by Old Norcross Road. About 60 per cent of the area has been 

developed and the land use is single family residences, with medium 

to low density development. This watershed contains soils of high 

permeability. Approximately 15 per cent of the watershed is covered 

by impervious surfaces, and a small pond is located in the upstream part 

of the watershed. 

Two 7-foot circular corrugated metal pipes carry the flow beneath 

West Hampton Drive. The culverts are 60.6 feet long and have slightly 
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Figure 4. Rating Curve for Womack Creek at Courtleigh Drive 



different slopes; the slope of the pipe on the right hand side 

(looking downstream) is 0.0129 and that on the left side is 0.0152 

Masonry headwalls have been constructed at the upstream and downstream 

end of the culverts, and there are wingwalls at about 30 °  angles to the 

headwall. The center line of the creek approached the culvert headwall 

at a slight angle. 	Because of this angled approach two upstream crest 

stage gages were installed, one on either side of the creek. The 

recorder and stilling well are attached to the upstream headwall, and 

the inlet pipe extends upstream about 30 feet at which point a 90 ° 

 bend in the inlet pipe carries the pipe to the center of the stream. 

Pertinent elevations for the Jackson Creek Gage are as follows 

(see Figure 2. for layout): 

Item 	 Elevation (Ft. above downstream invert)  

(1) Downstream invert 
Pipe on right side 
Pipe on left side 

(2) Water surface in 
downstream channel at 
low flow 

0.23 
0.00 

0.1 (Approx.) 

(3) Zero mark - downstream 	 1.25 
crest gage 

(4) Upstream invert 
Pipe on right side 
	

1.0 
Pipe on left side 
	

0.92 

( ) Zero mark - upstream 
crest gage 
Gage on right bank 
	

4.58 
Gage on left bank 
	

4.06 

(6) Top of reference rod 	 2.99 

(7) Invert of inlet to stilling 	 1.90 
well 

(8) Street Elevation 	 12.5 (approx.) 
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The geometry of this installation indicates that type 1 flow will 

occur through the range of flow conditions expected at this site. 

The rating curve for type 1 flow at this site is shown on Figure 5. 

Site 3: Snapfinger Creek Gage. This gage is located on a tributary 

of Snapfinger Creek in the headwaters of the Snapfinger Creek 

watershed where the tributary passes beneath Abingdon Drive. At 

this point the creek drains an area of 371 acres. The watershed is 

bounded on the north by Ponce de Leon Avenue, on the east by Hamrick 

Drive, on the west by Rays Road, and on the south by Abingdon Drive. 

About one-third of the watershed is undeveloped, while the other 

two-thirds of the area is developed with medium density single-

family residences. The watershed contains soils of moderate permea-

bility, and approximately 15 per cent of the watershed is covered 

with impervious surfaces. This watershed was included in the 

simulation study of Snapfinger Creek watershed (see ref. 4 	). 

The rating curve (see Figure 6 ) for this gage is based on 

type 1 flow occurring through the 11'-10" by 7'-7" pipe-arch 

culvert under Abingdon Drive. There is an 18-inch circular culvert 

about 0.2 feet above the pipe-arch culvert, but it was not taken 

into account in the rating curve because water will not normally 

rise high enough to cause flow through this smaller culvert. The 

slope of the pipe-arch culvert is 0.0169 and it is 44.5 feet long. 

The recorder and stilling well are located on the left bank of the 

creek approximately 32 feet upstream of the culvert. Pertinent 

elevations for the Snapfinger gage are as follows (see Figure 3 

for layout): 
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Item 	 Elevation (Ft. above downstream invert) 

(1) Downstream culvert 
invert 

(2) Water surface in 
downstream channel at 
low flow 

(3) Zero mark - downstream 
crest gage 

(4) Upstream culvert invert 

0.0 

-1.0 (approx.) 

0.31 

0.75 

(5) Zero mark-upstream crest 	 2.53 
gage 

(6) Top of reference rod 	 1.03 

(7) Invert of inlet to 	 0.81 
stilling well 

(8) Street Elevation 	 11.5 (approx.) 

Site 4: Wesley Branch Gage: Wesley Branch watershed is located in the 

eastern part of DeKalb County near the Gwinnett County border. 

The permeability of the soils in this watershed range from near zero 

(rock outcrops) to rapid. The drainage area above the gage at 

Hightower Trail is 201 acres with 191 acres undeveloped. There are a 

few isolated residences in the watershed, and there is a school at 

the upstream end of the watershed. The undeveloped portions of the 

area are forested. About 1 to 2 per cent of the watershed is impervious. 

The culvert at which the gage is located is a currugated metal 

pipe 3 feet in diameter. Originally there was no headwall for this 

culvert, but a temporary plywood headwall was installed at the time 

of the gage installation in order to improve entrance conditions for 

flow in the culvert. The culvert is 36.6 feet long and the slope of 

the culvert is 0.0172. The rating curve for the culvert is based on 

type 1 flow and is shown in Figure 7. . The inlet to the gage stilling 

well is on the left bank approximately 11 feet upstream from the 
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culvert. The low point on the road above the culvert is approximately 

100 feet east of the culvert and is only about 4.3 feet above the 

culvert invert. (However, local residents stated that they had never 

observed the road to be overtopped.) Flows somewhat greater than the 

mean annual flood should be carried by the culvert without overtopping 

the road, Rare floods may overtop the road, in which case it will be 

necessary to extend the rating curve by considering the road to act 

as a broad crested 	weir. 	Important elevations at this site are as follows: 

Item 	 Elevation (Ft. above downstream invert) 

(1) Downstream culvert 
invert 

0.00 

(2) Water surface in down-
stream channel at low 
flow 

0.44 

(3) Zero mark-downstream 
crest gage 

0.20 

(4) Upstream culvert invert 0.63 

(5) Zero mark-upstream crest 
gage 

1.81 

(6) Top of reference rod 2.16 

(7) Invert of inlet to 
stilling well 

1.53 

(8) Street Elevation 4.3 (approx.) 

Site 5: Honey Creek Gage. The Honey Creek gage is located at the 

intersection of Honey Creek and Turner Hill Road in southeast DeKalb 

County. At this point the creek drains a watershed of 804 acres. 

Most of the watershed has not been urbanized, but a portion of 

Lithonia does drain into the creek. Overall, it is estimated that 

8 per cent of the watershed is impervious, and the soils are 
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predominantly of moderate permeability. The purpose of locating a 

gage on this watershed was to observe the change in flow which is 

expected to occur as the watershed undergoes urbanization. The 

planned installation of sewage treatment facilities in the area is 

expected to accelerate development of the watershed. 

The culverts at Turner Hill Road consist of three 6' x 10' 

concrete boxes and the creek approaches the culverts at an angle 

of about 60 ° , with the culverts being perpendicular to the roadway. 

The culverts have wingwalls upstream and downstream of the road, and 

the wingwalls are at 45 °  to the face of the culvert. The culverts 

are 44.5 feet long and the average slope is 0.00562. The stilling 

well and gage are located on the right bank approximately 50 feet 

upstream from Turner Hill Road. Analysis of the culvert hydraulics 

indicates that type 1 flow can be expected. The rating curve for type 

1 flow at the Honey Creek Gage is shown on Figure 8, and the elevation 

of the gage components are as follows: 

Item 	 Elevation (Ft. above downstream invert) 

(1) Downstream culvert invert 	0.00 
(center of left box) 

(2) Water surface in 
downstream channel at 
low flow 

-1.0 (approx.) 

(3) Zero mark-downstream 	0.29 
crest gage 

(4) Upstream culvert invert 	0.30 
(center of left box) 

(5) Zero mark-upstream 	 0.88 
crest gage 

(6) Top of reference rod 	1.78 
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Figure 8. Rating Curve for Honey Creek at Turner Hill Road 



(7) Invert to inlet of 	 0.46 
stilling well 

(8) Street Elevation 	 12 (approx.) 

Site 6: Henrico Gage. The headwaters of a small tributary to the 

South River intersects Henrico Road in southwest DeKalb County 

about 400 feet south of Interstate 285. The drainage area upstream 

from the Henrico Road crossing is 112 acres; about 67 acres are 

undeveloped, 6 acres are in residential development, and 22 acres 

are in commercial use. The remaining 17 acres correspond to the 

impervious surface of Interstate 285, which roughly bisects the watershed 

from northeast to southwest. Overall, it is estimated that 23 per 

cent of the watershed is impervious. This watershed was selected for 

study because a significant percentage of the soils in the watershed 

are of low permeability. Comparison of the runoff from this watershed 

with that from watersheds with more permeable soils should provide 

a better estimate of the effect of soils on storm runoff in DeKalb 

• County. 

The water level recorder is located about 23 feet upstream 

from the 6' x 6' concrete box culvert which carries the flow 

beneath Henrico Road. The culvert is 59.15 feet long and has a slope 

of 0.00947. There are upstream and downstream wingwalls constructed 

at 45 °  angles to the culvert, and the culvert is at an angle of about 

75 °  with the centerline of the road. The condition of the culvert is 

good and there is no sediment build-up in it. Type 1 flow is expected 

to occur in this culvert; the rating curve is shown in Figure 9 

and the elevations of the gage and culvert components are as follows: 
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Figure 9. Rating Curve for Gage at Henrico Road 
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Item 	 Elevation (Ft. above downstream invert) 

(1) Downstream culvert invert 
(center of box) 

(2) Water surface in down-
stream channel at low flow 

(3) Zero mark-downstream crest 
gage 

(4) Upstream Culvert Invert 
(center of box) 

(5) Zero mark-upstream crest 
gage 

(6) Top of reference rod 

0.00 

-1.5 (approx.) 

0.10 

0.56 

1.72 

1.71 

(7) Invert to inlet of 	 0.79 
stilling well 

(8) Street elevation 
	

12 
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SECTION IV 

Summary and Recommendations 

Summary of Characteristics of Gaged Watersheds. 	The watersheds on which 

the gages were located are distributed throughout the County, and ranged in 

size from 84 to 804 acres (see Table 9). The land use in these watersheds is 

predominately in two catagories--Single Family Residences and Undeveloped--and 

the impervious area ranged from 1-2 per cent for the least developed watershed 

to a high of 25 for a watershed completely developed in single family residences. 

One criterion for site selection was that the soils in the watershed should 

cover the range of soil permeabilities found in DeKalb County. This was accom-

plished by including awatershedswith soils of high permeability 

and a watershed with slowly permeable soils (Henrico Road Creek). Although 

high and low permeability soils represent only a small portion of the soils in 

DeKalb County, it is anticipated that the gaging of the runoff from these soil 

extremes will indicate the effect of soil permeability on runoff and that it can 

then be determined if such an effect needs to be taken into account when estimating 

flows from ungaged county streams. The installed gages will provide a continuous 

record of streamflow in the gaged creeks. 

Recommendations.  The streamflow rate can be determined by reading the water 

surface elevation from the recorder chart and finding the associated flow rate 

on the culvert rating curve provided in Section III of this report. It is 

emphasized that the rating curves are only estimates based on site geometry 

and have not been checked against field measurements. The reliability of the 

rating curves can be determined by comparing measured upstream and downstream 

water surface elevations, at determined from the crest gages at each site, with 

the water levels corresponding to type 1 flow, which is the flow type on which 
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W/S 
Name 

Table 9. 

Area 
(acres) 

Summary of Watershed Characteristics 

Estimated Weighted 
Permeability (in./hr.) 

Impervious 
Area (%) 

Major land 
Use 

Womack Ck. 84 2.19 25 SFR-100% 

Jackson Ck. 278 4.22 15 SFR-60% 
Undev.-40% 

Snapfinger Ck. 371 1.61 15 SFR-67% 
Undev.-40% 

Wesley Br. 191 5.04 1-2 Undeveloped 

Honey Ck. 804 5.28 8 Undeveloped-(82%) 

Henrico Rd.Ck. 112 0.71 23 Undeveloped-60% 
Commercial-20% 
Interstate 285-15 
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these curves are based. (See Section III for the required relationship of 

headwater and tailwater for different flow types). In addition, it is recommended 

that discharge measurements based on current meter readings should be made at 

each site to completely validate the rating curves. 

Reliable records from the gages can only be achieved if the culverts remain 

unobstructed by debris and siltation. Each time a gage is serviced any accumula-

tion of sediment or debris should be noted and removed as soon as possible. It 

is recommended that these gages not be used for normal or low flow measurements 

because the accurate interpretation of the rating curves depends on the cross 

sectional area of the streamflow being constructed by the culvert; at low 

flows such constriction does not occur. 
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