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Executive Summary 
 

A flood risk management (FRM) study for Valley Creek, a tributary to the Black Warrior River 

located in Jefferson County, AL, was completed to address flood risk for this system (full 

execution from 2018-2021) and resulted in the selection of a recommended plan for 

implementation following the Agency Decision Milestone (ADM) in November of 2020. Federal 

interest in this watershed (Valley Creek Basin) was driven by frequent, recurring flooding that 

induces economic and life safety risks to a densely developed corridor of the main-stem study 

stream as well as additional tributaries analyzed in this study. This Engineering Appendix details 

the engineering analysis required to support the study. Work included the development of 

existing conditions (EC) and future without project conditions (FWOP) hydrologic and hydraulic 

models as well as models to support the analysis of structural FRM measures (including levees, 

dams, detention basins, bridge modifications, and a channel modification). This report also 

documents the analysis that supported development and refinement of the array of structural 

measures presented to address flood risk in the study basin, and the methodology for 

formulation of final structural alternatives. In total, 13 final alternatives were considered for 

recommendation (see Table 4-13 for all final alternatives considered for plan selection), with full 

economic modeling and analysis completed on a total of 16 alternatives and 4 individual 

measures. The national economic development (NED) plan was identified to be Alternative 4 

and was selected as the recommended plan (also known as D19; reference Table 4-13). This 

plan consists of two overbank detention basins located in Birmingham, AL at River Stations (RS; 

distance above Black Warrior River confluence) 2823+71 and 2783+48 on Valley Creek. The 

measures that make up the recommended plan, known as VD1 and VD2 were selected in 

combination from an overall suite of 34 structural measures, including 13 overbank detention 

sites. This plan was recommended on its ability to maximize NED and produce strong, uniformly 

distributed benefits throughout the developed length of the Valley Creek study reach. Benefits 

and risks associated with the performance of the selected plan were assessed, with results 

included in this report. Additionally, this report includes an assessment of the effects of climate 

change to both the study area (and its effect on modeling assumptions and uncertainties) and 

the performance of the recommended plan. 
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1.0 Introduction 
 

This purpose of this report is to serve as documentation of the engineering analysis required to 

support the Valley Creek Flood Risk Management (FRM) feasibility study initiated in FY18 and 

executed by the U.S. Army Corps of Engineers, Kansas City and Mobile Districts. This 

Engineering Appendix is in accordance with ER 1110-2-115 (USACE, 1999). Federal interest in 

this study was driven by the recurring risk of economic damages as well as life safety risks 

associated with fluvial flooding along the main system of interest (Valley Creek) and analyzed 

tributaries. This study analyzed flood risk in the basin of interest and assessed solutions to 

address associated damages. Ultimately, a final plan for reducing flood risk in the study area 

was recommended by this study. This report details the development of existing conditions (EC) 

and future without project (FWOP) engineering models as well as the development, analysis, 

refinement, and design of structural study measures and alternative plans. Final plan 

performance with respect to tolerable risk guidelines (ECB 2019-15; USACE, 2019a) and 

underlying hydrologic uncertainty is provided as mandated by ER 1105-2-101 (USACE, 2019b), 

in addition to a climate change assessment of the study area and potential effects of such 

change on the recommended plan as mandated by ECB 2018-14 (USACE, 2018). With respect 

to models, spatial data, study area geography, and measure features, the vertical datum of 

reference is the North American Vertical Datum of 1988 (NAVD88). The horizontal datum of 

reference is the North American Datum of 1983, and the applicable projection is Alabama State 

Plane West (FIPS Zone 0102). Lastly, the frequencies of modeled flood events are described in 

terms of their associated annual exceedance probability (e.g., 0.5 AEP), though some figures 

display reference to annual chance exceedance (e.g., 1/2 ACE). 

 

1.1 Location  
 

This study covered an approximate 20-mile length of Valley Creek, a tributary to the Black 

Warrior River (River Mile 170.23) located in Jefferson County, Alabama, and within the larger 

Mobile-Tombigbee Basin (hydrologic unit code [HUC] 4 basin 0316). Additionally, this study 

covered tributaries to Valley Creek, including approximately 1 mile of Opossum Creek, 2 miles 

of Halls Creek, and 1.5 miles of a tributary draining to Halls Creek. Jefferson County is located 

in north-central Alabama and is bordered on the north by Blount and Walker Counties, on the 

east by Saint Clair and Shelby Counties, on the south by Bibb County, and on the west by 

Tuscaloosa County (Figure 1-1). Valley Creek has an overall length of about 55 miles, 

originating from headwater springs, but immediately passing through an underground storm 

drainage system before discharging to an open channel in central Birmingham near 5th Avenue 

and 7th Streets.  From this location, Valley Creek flows southwesterly for approximately 22 miles 

through the cities of Birmingham, Fairfield, Midfield, Lipscomb, Brighton, Hueytown, and 

Bessemer. At this point, the stream turns to flow northwesterly for approximately 33 miles, 

before discharging into the Black Warrior River. The Valley Creek Basin drains approximately 

255 square miles within the HUC-8 subbasin 03160112; the drainage area of the study-area is 

about 87 square miles. The basin divide crosses the channel at approximately 31 miles 

upstream from the mouth, bisecting the watershed into upper and lower portions. The length of 
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Valley Creek applicable to this study is located entirely within the upper basin, which has an 

average fall of 8.4 feet per mile, and a total drainage area of 96 square miles.  

 

1.2 Basin Characteristics 
 

1.2.1 Hydrologic Characteristics 
 

Valley Creek portrays the distinctive characteristics of a highly developed, urban watershed. 

Land-cover within the basin varies but is dominated by urban use-types including industrial, 

commercial, and low- and high-intensity residential. High-density development produces 

hydrographs which are flashy in nature, whereby lag times between rainfall and runoff are short. 

Rising hydrograph limbs are steep, and typically, for characteristic events, falling limbs are as 

well. It is probable that the peak flood magnitudes observed on Valley Creek are intensified by 

the amount of impervious cover, floodplain grading, and artificial drainage present within the 

basin (CWP, 2004). Some storage can be expected during flood events, however, and is 

provided by unintended damming surfaces (bridges and culverts), low-lying overbank areas, 

and tributary floodplains and channels. This storage is ultimately ineffective at protecting the 

most vulnerable development (defined as that which is affected by a flood event of a given 

frequency) along Valley Creek.  

 

1.2.2 Hydraulic Characteristics 
 

The stream channel of Valley Creek varies in its conveyance capability between reaches 

characterized by sedimentation and vegetation growth and engineered portions that are 

relatively clean. Rock outcroppings (limestone) are visible throughout the majority of the study 

reach, and some debris has been observed at bridge crossings. Stream bank side-slopes 

average 1:1 (H:V) and vary in cover from dense vegetation (including small-to-mature trees) to 

rip-rap. Manningôs n-values within the calibrated hydraulic model range from 0.038 - 0.046 for 

the stream channel. Overbank land-use/land-cover types range from low-to-high density urban 

types, to forest and pasture. Overbank Manningôs n-values range from 0.022 ï 0.11. Several 

significant tributaries draining to Valley Creek are located within the study extents. These 

include Nabors Branch, Opossum Creek, Halls Creek, and Fivemile Creek. The stream channel 

of Valley Creek was widened as part of a local effort in 1985 (USACE, 1986) in a location 

extending from the 19th St. N. Bridge at RS 2188+59, to a location just below the Murphys Lane 

Bridge (RS 2410+07; Figure 1-2). The stream bottom width in this location is approximately 120 

feet; bottom widths within the total study area range from about 60 feet to 120 feet. As shown in 

Figure 1-2, the stream narrows drastically below this location, but widens back out to 

approximately 100 feet just downstream of a service bridge linking structures with the Valley 

Creek Water Reclamation Facility (wastewater treatment plant [WWTP] within 2D extents of 

hydraulic model). This portion of the channel was inspected during field work on February 26, 

2019 and found to be concrete-lined (Figure 1-3). The extents of lining were estimated based on 

aerial imagery in Figure 1-2. Training of the channel predates 1959 and was motivated by 

operations in the adjacent Delonah Quarry (USACE, 1986), though more specific information 

regarding this effort has not been obtained. 
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Figure 1-1: Study location map. 
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Figure 1-2: Existing projects on Valley and Opossum Creeks. 
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Conveyance within Opossum Creek was improved 

in an environmental remediation project to remove 

tar-like material and completed in April of 2018 (F. 

Freeman, personal communication, 6 November 

2018). Large-scale excavation of tar-like material 

and surrounding sediments resulted in channel 

widening, vegetation removal, and slope 

protection from the Valley Creek confluence to a 

location approximately 1.6 miles upstream (Figure 

1-2). This project also included material removal 

and erosion control measures (rip-rap placement) 

on Valley Creek; rip-rap was placed intermittently 

from the Opossum Creek confluence (upstream) 

to the 15th St N. Bridge (downstream; see Figure 

1-2). Material removal resulted in widening of the 

Valley Creek stream channel to an approximate 

bottom width of 100 feet between the Opossum 

Creek confluence (RS 2236+94) to the 19th St. N. 

Bridge (RS 2188+95). No measures within the 

plan recommended by this study are within the 

vicinity of this project. 

 

One levee exists within the study area. The project is located on the right overbank of Valley 

Creek, beginning at RS 2227+16, and terminating approximately 4,100 feet downstream at the 

19th Street Bridge (RS 2188+95; see Figure 1-2). This project was constructed after 1999 (likely 

in 2000 based on design documentation) and, based modeled scenarios, provides protection up 

to the 0.005 AEP event, with overtopping modeled for the 0.002 AEP event. Some rip-rap 

protection is intermittently located along the toe of the structure. Additional, though unconfirmed, 

structural modifications along the stream corridor include several constructed berms. These 

features were most likely put in place without design, and as a method for disposal of excavated 

material produced from floodplain development. 

 
1.2.3 Geotechnical Characteristics 
 

Geology 

 

The Valley Creek study area is located within the Birmingham-Big Canoe Valley District of the 

Alabama Valley and Ridge Physiographic Province. The province runs northeast to southwest, 

similar in orientation to the study area. Of the bedrock noted in the area, the two predominant 

formations are the Conasauga and Ketona Formations. The Conasauga Formation consists of a 

medium bluish-gray, fine-grained, thin-bedded limestone and a dark gray, interbedded shale. 

The Ketona Formation is characterized as a thick-bedded, coarsely crystalline dolomite that is 

light to medium gray in color. The Valley Creek Feasibility Report and Environmental 

Assessment, Supporting Documentation (USACE, 1992) details that the Conasauga Formation 

Figure 1-3: Valley Creek channel in the vicinity 
of the Delonah Quarry. 



CUI  Final Reportï September 2021  

Valley Creek FRM                                                                                             Engineering Appendix: A-6  

was the predominant bedrock type in the previous study area, which was located along the 

Cahaba River. The Ketona accounted for the rest of bedrock. The upper bedrock is made of 

limestone and dolomite pinnacles. These pinnacles were found at ground surface where the 

rock outcrops, down to greater than 20.0 feet below ground surface. The current study area is in 

the same general location as the area detailed in the 1992 report, however, the footprint 

extends further beyond the banks in some cases.   

 

General Subsurface Conditions 

 

Geotechnical investigations were conducted in 1985 and 1989 as part of the effort to support 

the 1992 study. Eighty borings were sampled by auger, and four additional borings were 

sampled to obtain rock cores. There are no coordinates for the boring locations, but each of 

them has a corresponding channel stationing, suggesting they were likely sampled adjacent to 

the channel (estimates of sampled locations based on historical model cross sections and 

referenced stationing are mapped in Section 4.1.1.3). Historical borings from these 

investigations show that the overburden soils consist of brown sandy clays, with varying 

degrees of sand. Refusal was encountered in many of the borings at bedrock, however it was 

noted that refusal could have been due to boulders within the overburden. In general, the 

elevation of refusal decreased from the upstream end of the study area to the downstream end. 

Rock cores were obtained in the dolomite and limestone of the Conasuaga and Ketona 

Formations as part of the 1989 investigation. Compression testing (unconfined) was performed 

on the samples with strengths 

ranging from 285 tons/sq.ft. to 

725 tons/sq.ft. reported. As 

such, drilling and blasting would 

be necessary to excavate into 

bedrock. 

 

1.3 Flooding History 
 

Flooding within the study area 

has been observed 

continuously by gaging efforts 

since 1975; however, some 

records are available prior to 

this time (1946-1947). A high-

water mark at USGS 02461500 

is available from an event that 

occurred in February of 1936. 

The high-water mark indicates 

that a flood elevation of 457.38 

ft-NAVD88 occurred at the 

gage location during this event. 

Other notable events on record within the watershed include April 12-13, 1979, December 2-3, 

Figure 1-4: Isohyetal analysis of storm rainfall, April 11-14, 1979 
(from Edelen et al., 1979).  
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1983, and September 5-6, 2011. Rainfall during April 12-13, 1979 was associated with large 

rainfall bands over Mississippi, Alabama, and Georgia. Birmingham experienced rainfall 

beginning the morning of the 12th, and lasting through the afternoon of the 13th, when intensity 

was greater in the upper extents of the Valley Creek Basin. 

 

Figure 1-4 provides a historical isohyet map of the event over the southeastern United States. 

The National Weather Service (NWS) Forecast Office located at Oxmoor Road (relocated to 

Birmingham International Airport in 1990) recorded a total of 8.60 inches of rainfall during the 

event (see Figure 1-5 for precipitation gage locations relative to study basin). The Bessemer 

gage at the WWTP (coordinates estimated) recorded a total of 5.70 inches. The peak discharge 

at USGS 02461500 was 11,300 cfs (see Figure 1-6), which is the third largest discharge on 

record for the gage. This discharge is estimated as having an annual exceedance probability 

(AEP) between 0.10 and 0.05 (see Figure 2-12). 

 

 
Figure 1-5: Precipitation gages in and near Upper Valley Creek Basin  
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Figure 1-6: Discharge at gaging stations on Valley Creek in the Black Warrior River basin in Alabama, 

April 2-21, 1979 (from Edelen et al., 1979). 

 

Rainfall that occurred from December 2-3, 1983 produced record flooding on Valley Creek and 

resulted in a Presidential Disaster Declaration (USACE, 1986). Metropolitan Birmingham 

received the greatest rainfall totals relative to isolated rainfall in west and central Alabama. Total 

precipitation was gaged from 1-to-10 inches on December 2, and additional rainfall produced 

flash-flooding on the morning of December 3. The Birmingham NWS Forecast Office recorded 

9.22 inches of precipitation from 2200 December 2 to 2200 December 3 (24-hour period), which 

is presently the record high 24-hour rainfall total for the area. The peak discharge recorded at 

USGS 02461500 was 17,940 cfs (0.01 AEP), the highest on record for the gage station. 

Damage to commercial, public, and private property was estimated at $14,000,000 (USACE, 

1986). 

 

More recently, in September of 2011, the remnants of Tropical Storm Lee moved north out of 

the Gulf of Mexico and precipitated total rainfall depths ranging from 8-to-15 inches over 

Jefferson County during the four-day period of September 3-7 (Figure 1-7).  Jefferson County as 

well as several other counties in north-central Alabama experienced flash-flooding as a result of 

the event. The peak flow at USGS 02461500 was 13,000 cfs (0.05 AEP), which is the second 

largest flow on record. 
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1.4 Data Collection 
 

1.4.1 Hydrologic Data 
 

There are several surface water gages 

available for Valley Creek within the 

study area; however, the majority have 

relatively short periods of record, and 

there is minimal length of overlap 

between sites. Before 2017, there were 

never more than two gages recording 

during a significant rainfall event and 

there was only one gage in service 

during two of the three highest events of 

record. One gage was in service on 

Halls Creek from 1997 ï 2003, but only 

reported flow. Several recently installed 

gages are currently in service on Valley 

Creek, with none currently active on any 

of the tributaries modeled in this study 

(Halls Creek and Opossum Creek). 

Table 1-1 provides a summary of 

available data for both current and 

historical surface water gage sites within 

the study extents. Figure 1-8 provides a 

location map of sites within the study 

extents. 

 

Table 1-1: Summary of stream gages in the Upper Valley Creek Basin 

Owner 
Site# - 

Drainage 
Area (mi2) 

Location1, 2 Data Type 
Period of Record (per 

Data Type) 
Datum (ft-
NAVD88) 

USGS 
02461130 - 

7.0 

Valley Creek; 
33°30'21"/ 
86°50'11" 

Discharge; 
Stage; 

Precipitation; 
Water Quality 

2/3/2001 ï 9/30/2007 
(discharge); 

1/4/2017 ï Present (all) 

545.00 
(Estimate) 

USGS 
02461192 - 

13.5 

Valley Creek; 
33°29'33"/ 
86°52'19" 

Discharge; 
Stage; 

Precipitation; 
Water Quality 

1/4/2017 ï Present 
(discharge and stage); 
2/2/2017 ï Present (all) 

519.50 
(Estimate) 

USGS 
02461405 - 

34.6 

Valley Creek; 
33°25'32"/ 
86°57'10" 

Discharge; 
Stage; 

Water Quality 

3/30/2018 ï Present 
(discharge and stage); 

5/14/2018 ï Present (all) 

456.40 
(Estimate) 

USGS 
02461500 - 

52.5 

Valley Creek; 
33°25'09"/ 
86°58'58" 

Discharge; 
Stage 

01/1946 ï 12/1947 
(discharge and stage) 

05/02/1974 - 05/14/1975 
(discharge); 

5/14/1975 ï Present 

438.78 
(Survey) 

Figure 1-7: Four day rainfall totals for Alabama 
(September 3-7, 2011; from NWS Birmingham 

Southeastern Forecast Office). 
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(discharge and stage) 

USGS 
02461640 - 

61.4 

Valley Creek; 
33°23'59"/ 
86°59'36" 

Discharge; 
Stage 

10/1/1997 ï 10/9/2006 
429.00 

(Estimate) 

USGS 
02461630 - 

7.3 

Halls Creek; 
33°23'58"/ 
86°59'01" 

Discharge 10/1/1997 ï 9/29/2003 N/A 

1Some coordinates rounded to nearest second. 
2Valley Creek sites ordered upstream to downstream. 

  

From Table 1-1 it can 

be seen that several 

gage datums were 

estimated. The USGS-

published datums for 

these sites were 

originally estimated via 

topographic maps (V. 

Stricklin, personal 

communication, 

September 21, 2018), 

and seemed to be 

highly inaccurate for 

some sites. For this 

study, datums for these 

locations were 

estimated based on 

channel geometry, and 

available USGS 

guidance (see, e.g., 

Carter and Davidian, 

1968; Sauer and 

Turnipseed, 2010; 

Kenney, 2010). Because these site datums have not been formally surveyed, a high level of 

uncertainty is associated with their stage records. Careful work was executed in hydraulic model 

calibrations upstream of these gages in an effort to ensure over-parameterization did not occur. 

The risk associated with this uncertainty and how it relates to the performance of the 

recommended plan is detailed in Section 5.2.6. 

 

Rainfall data for the events utilized for calibration and validation of the H&H models (see Section 

2.1.4) were obtained from the Mobile District Water Management Server and also provided by 

the NWS Southeast River Forecast Center (SRFC). Data were obtained as National Oceanic 

and Atmospheric Administration (NOAA) Stage IV gridded precipitation in XMRG format. Stage 

IV is an hourly quality-controlled rainfall product available on a 4.0-kilometer (2.6-mile) grid 

across the United States. The hourly rainfall data in the XMRG file format was unpacked into the 

Standard Hydrologic Grid (SHG) format and spatially interpolated to a 500-meter grid using the 

Figure 1-8: Current and historical surface water gages in Upper Valley 
Creek Basin. 
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gridloadXMRG program. The gridded data was then imported into the Meteorologic 

Visualization Utility Engine (HEC-MetVue) program and basin average hyetographs were 

created from the grid for each subbasin in the hydrology model. 

 

From Table 1-1, two precipitation gages were added within the basin in 2017; however, these 

gages are not included in the Stage IV gridded precipitation datasets utilized for this study as 

described above. The nearest applicable rainfall-recording gage supporting NOAA Stage IV 

precipitation is the NWS site located at the Birmingham International Airport, approximately 5 

miles northeast of the basin (KBHM; see Figure 1-5). During the described historical events 

(1979 and 1983), this site was located at 11 Oxmoor Road (relocated in 1990). The NWS site at 

the Bessemer Airport (KEKY) is located approximately 4 miles southeast of the basin (see 

Figure 1-5). This site supported grid interpolation for calibration/validation events (see Section 

2.1.4) after 7/14/2016 (in-service date). The Interim Reconnaissance Report (USACE, 1986) 

describes the WWTP site as non-recording; however, the report does provide rainfall depths for 

the April 1979 event as described in Section 1.3. No other information for this site has been 

obtained, and therefore, this gage only served to support model validations with the April 1979 

event. 

 

1.4.2 Topographic Data 
 

Between March 13, and April 7, 2013, The Atlantic Group, LLC conducted a Light Detection and 

Ranging (LiDAR) survey encompassing Jefferson County, AL. Data collected during this flight 

period were 

supplemented with an 

additional flight on 

August 27, 2013. The 

final area of coverage 

from 63 flight lines was 

1,124 square miles 

(Atlantic, 2013). Upon 

the conclusion of post-

processing, a digital 

elevation model (DEM) 

of last-return points was 

produced (bare-earth 

model). The data are 

referenced vertically to 

the North American 

Vertical Datum of 1988 

(NAVD88), and 

horizontally to the North 

American Datum of 1983 (NAD83). The DEMs were provided as tiles in .tif format from 

Jefferson County. Tiles covering the extent of the upper Valley Creek Basin were mosaicked to 

form a continuous DEM for use in modeling and mapping (Figure 1-9). Table 1-2 provides an 

Figure 1-9: Upper Valley Creek Basin DEM. 
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accuracy specification summary of the dataset based on the datasetôs classification as USGS 

Quality Level 2 (Heidemann, 2018) as provided in the LiDAR metadata (Atlantic, 2013).  

 

Table 1-2: LiDAR Specification Summary 

Parameter Value 

Nominal Pulse Spacing < 1 m 

Point Density 2.6/m2 

Horizontal Projection SPAW (FIPS 0102) 

Horizontal Accuracy < 1 m 

Vertical Projection NAVD 88 

Fundamental Vertical 
Accuracy 

16.43 cm 

RMSEz Ò 8.4 cm 

Equivalent Contour 
Accuracy 

2-ft 

Format and Grid Cell Size TIFF; 2 ft. grid cells 

Horizontal and Vertical 
Units 

ft/ft 

 

The project DEM was supplemented with channel surveys to refine model geometry within the 

stream banks for the majority of the study reach. Cross-sectional topographic surveys were 

obtained sometime prior to the initiation of the present study and encompassed a length of 

Valley Creek from the headwaters (RS 2859+15) to the 19 Street North Bridge (RS 2188+95; 

Figure 1-10). A DEM was produced from the survey data and was included with the existing 

model package from which the present study-model was built. Additional metadata including 

accuracy and acquisition dates have not been obtained. Cross sections downstream of the 

channel survey extents reflect topography/bathymetry captured by the LiDAR only. As base-flow 

depths are very small, it is assumed that the DEM is accurately representing the channel 

geometry in this location (as well as upstream, surveyed areas), despite applied hydrologic 

corrections (i.e., channel smoothing and grading) during DEM creation. Additionally, strong 

agreement between surveyed cross sections and the basin DEM helped to certify the accuracy 

of channel data in this portion of the model. 
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Figure 1-10: Channel survey extents in Valley Creek. 

 

1.4.3 Structural Data 
 

The majority of hydraulic structures within the Valley Creek study extents were present in the 

previous hydraulic model that the existing conditions geometry was developed from (see 

Section 2.3.1). The abutments of several structures were modified from their original state to 

better reflect the terrain of the overbank approach ramps/roadways. The City of Bessemer 

provided as-builts for several structures and these geometries were confirmed with the provided 

data (R. Gilbert, personal communication, 6 December 2018). Three structures, including a 

service bridge within the Valley Creek Water Reclamation facility (within 2D mesh extents) and 

two abandoned railroad crossings were not present in the old geometry. As-builts for the WWTP 

structure were provided and it was added to the model geometry. Geometry for the abandoned 

railroad crossings were estimated via LiDAR and photographs provided by the City of Bessemer 

(J. Champion, personal communication, 28 May 2019). As-builts for the existing levee along 

Valley Creek were provided; however, adjustment to the model geometry to reflect this feature 

was not necessary due to its accurate representation within the LiDAR data. Data for bridges 

located within the model extents of included tributaries were added to the model after data 

collection via field-survey from February 25-26, 2019.   



CUI  Final Reportï September 2021  

Valley Creek FRM                                                                                             Engineering Appendix: A-14  

2.0 Existing Conditions Models 
 

2.1 Hydrology  
 

2.1.1 Hydrologic Model Background 
 

A planning level hydrologic model was developed within the Hydrologic Engineering Center 

Hydrologic Modeling System (HEC-HMS), version 4.3 for the 87 square mile study area. 

Construction of the hydrologic model for this study began from an existing HEC-HMS model for 

Valley Creek. This model was initially produced for a joint effort between the Mobile District and 

the City of Birmingham originally in support of the Silver Jackets Flood Forecasting and 

Inundation Mapping (FFIM) program in 2017. For various reasons, this effort was discontinued. 

The updated model was extended further downstream, and the delineation was refined to match 

potential measures to be investigated as part of the alternative screening. Additionally, methods 

for loss, transform, routing, and precipitation modeling were updated.  

 

2.1.2 Model Overview 
 

Basin Delineation 

 

Sub-basins were verified and 

manually re-delineated from 

the existing model using HEC-

GeoHMS program and using 

the Hydrologic Unit Code 10 

(HUC-10) sub-basins. The 

watershed was divided into 52 

sub-basins (shown in Figure 

2-1) at selected critical 

locations along the stream to 

account for significant 

hydrologic changes due to 

confluences with other 

streams or flow attenuation 

locations. Flow change 

locations were also added at 

gaged locations along the 

reaches to allow for 

comparison during model 

calibration. Additionally, basin 

breaks were placed at 

potential measure locations 

identified by the Project 

Delivery Team (PDT). 
Figure 2-1: HMS subbasins. 
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Rainfall Losses 

 

The deficit and constant loss 

methodology was used to 

estimate the losses from a 

precipitation event occurring 

over the study area. Initial 

deficit values were estimated 

through trial and error and 

calibration (Table 2-1). 

Constant loss rates were 

based on data from the Soil 

Survey Geographic 

(SSURGO) Database (Soil 

Survey Staff, 2019; Figure 2-

2), by assigning a range of 

loss rates based on soil types 

within each sub-basin, and 

then varying during model 

calibration (Table 2-2). 

Impervious surface area is 

also a parameter in deficit 

and constant loss modeling. 

Impervious areas were 

estimated with an impervious 

surface area dataset 

(referenced to 2006) available 

within the National Land Cover Database (NLCD; Xian et al., 2011). Sub-basin averages from 

this dataset were adjusted to account for connected and non-connected impervious areas 

utilizing empirical relations provided by Sutherland (1995) as recommended by the 

Environmental Protection Agency (EPA, 2014). In the model, effective impervious area was 

determined for sub-basins assumed to have significant ineffective (or disconnected) impervious 

area with the following equation: 

 

ὉὍὃπȢρὝὍὃȢȟ ὝὍὃ ρ Equation 1 

 

where ὉὍὃ is the effective impervious area, and ὝὍὃ is the total impervious area.  

 

 

 

 

 

 

 

Figure 2-2: Soils map of study area. 
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Table 2-1: Final initial loss rates for subbasins 

Subbasin 
Initial 

Loss  (in.) 
Subbasin 

Initial 
Loss  (in.) 

Subbasin 
Initial 

Loss  (in.) 
Subbasin 

Initial 
Loss  (in.) 

SB_VC2 0 SB_TR1_2 1.95 SB_VC22 1.95 SB_VC28 1.95 

SB_VC1 0 SB_TR1_3 1.95 SB_VC23 1.95 SB_HT1 1.95 

SB_VC3 1.5 SB_TR2_1 1.95 SB_VC24 1.95 SB_HC1 1.95 

SB_VC4 1.5 SB_TR2_2 1.95 SB_OC1 1.95 SB_HT2 1.95 

SB_VC5 1.5 SB_VC13 1.95 SB_OC2 1.95 SB_HC2 1.95 

SB_VC6 1.5 SB_VC15 1.95 SB_OC4 1.95 SB_VC29 1.95 

SB_VC7 1.5 SB_VC14 1.95 SB_OC3 1.95 SB_VC30 1.95 

SB_VC8 1.5 SB_VC16 1.95 SB_OC6 1.95 SB_VC31 1.95 

SB_VC9 1.5 SB_VC17 1.95 SB_OC5 1.95 SB_TR4_1 1.95 

SB_VC10 1.95 SB_VC19 1.95 SB_VC25 1.95 SB_TR4_2 1.95 

SB_VC11 1.95 SB_VC18 1.95 SB_OC7 1.95 SB_VC32 1.95 

SB_VC12 1.95 SB_VC20 1.95 SB_VC26 1.95 SB_VC33 1.95 

SB_TR1_1 1.95 SB_VC21 1.95 SB_VC27 1.95 SB_VC34 1.95 

 

Table 2-2: Final constant loss rates for subbasins 

Subbasin 
Constant 
Loss Rate 

(in./hr.) 
Subbasin 

Constant 
Loss Rate 

(in./hr.) 
Subbasin 

Constant 
Loss Rate 

(in./hr.) 
Subbasin 

Constant 
Loss Rate 

(in./hr.) 

SB_VC2 0.01 SB_TR1_2 0.20 SB_VC22 0.22 SB_VC28 0.29 

SB_VC1 0.01 SB_TR1_3 0.21 SB_VC23 0.20 SB_HT1 0.29 

SB_VC3 0.24 SB_TR2_1 0.15 SB_VC24 0.15 SB_HC1 0.16 

SB_VC4 0.17 SB_TR2_2 0.14 SB_OC1 0.14 SB_HT2 0.2 

SB_VC5 0.22 SB_VC13 0.20 SB_OC2 0.31 SB_HC2 0.16 

SB_VC6 0.26 SB_VC15 0.18 SB_OC4 0.32 SB_VC29 0.25 

SB_VC7 0.20 SB_VC14 0.10 SB_OC3 0.35 SB_VC30 0.35 

SB_VC8 0.11 SB_VC16 0.17 SB_OC6 0.30 SB_VC31 0.36 

SB_VC9 0.20 SB_VC17 0.31 SB_OC5 0.23 SB_TR4_1 0.27 

SB_VC10 0.06 SB_VC19 0.17 SB_VC25 0.31 SB_TR4_2 0.32 

SB_VC11 0.16 SB_VC18 0.16 SB_OC7 0.29 SB_VC32 0.38 

SB_VC12 0.22 SB_VC20 0.18 SB_VC26 0.15 SB_VC33 0.16 

SB_TR1_1 0.27 SB_VC21 0.26 SB_VC27 0.34 SB_VC34 0.08 

 

Subbasin Response 

 

The Clark transform method was used for this study. The initial time of concentration values for 

each sub-basin were calculated following the methodology in TR-55 (NCRS, 1986), and were 

adjusted to match the observed hydrographs at gaged locations. Final times of concentration 

and storage coefficients based on the average of calibrated values for each subbasin are shown 

in Table 2-3.  
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Table 2-3: Final transform parameters for sub-basins 

Subbasin 
Time of 

Conc. (Tc; 
hr.) 

Storage 
Coefficient 

(R) 
Subbasin 

Time of 
Conc. (Tc; 

hr.) 

Storage 
Coefficient 

(R) 

SB_VC2 1 0.1 SB_VC22 1.61 2.22 

SB_VC1 0.8 0.05 SB_VC23 1.21 1.67 

SB_VC3 1.2 1.12 SB_VC24 1.26 1.74 

SB_VC4 0.8 0.8 SB_OC1 2.23 2.37 

SB_VC5 1.64 0.64 SB_OC2 0.89 0.94 

SB_VC6 1.9 0.8 SB_OC4 2.02 2.14 

SB_VC7 0.45 0.16 SB_OC3 1.11 1.18 

SB_VC8 1 0.48 SB_OC6 2.04 2.16 

SB_VC9 0.22 0.22 SB_OC5 2.05 2.18 

SB_VC10 1.01 1.4 SB_VC25 1.44 1.53 

SB_VC11 2.1 2.9 SB_OC7 1.66 1.77 

SB_VC12 3 4.14 SB_VC26 2.09 2.22 

SB_TR1_1 0.85 1.18 SB_VC27 1.33 1.42 

SB_TR1_2 0.96 1.33 SB_VC28 1.34 1.34 

SB_TR1_3 1.03 1.43 SB_HT1 1.67 1.67 

SB_TR2_1 0.67 0.93 SB_HC1 1.59 1.59 

SB_TR2_2 1.56 2.15 SB_HT2 1.17 1.17 

SB_VC13 0.98 1.36 SB_HC2 1.55 1.55 

SB_VC15 1.51 2.1 SB_VC29 2.05 2.05 

SB_VC14 1.43 1.97 SB_VC30 1.44 1.44 

SB_VC16 1.79 2.47 SB_VC31 1.43 1.43 

SB_VC17 1.07 1.47 SB_TR4_1 2.95 2.95 

SB_VC19 1.53 2.11 SB_TR4_2 2.84 2.84 

SB_VC18 1.67 2.31 SB_VC32 1.15 1.15 

SB_VC20 1.83 2.54 SB_VC33 0.69 0.69 

SB_VC21 1.79 2.47 SB_VC34 0.62 0.62 

 

Baseflow  

 

The Recession Baseflow method was used as the baseflow method for all subbasins. Before 

calibration, all subbasins were set to an initial discharge of 1 cfs/mi2, a recession constant of 0.9 

and a ratio to peak of 0.1. These where set based on knowledge of typical values for these 

parameters for urban watersheds in the area. Each parameter was then adjusted to best fit the 

hydrographs at calibration points in the model. The parameters are provided in Table 2-4 are 

the final parameters used in validation and the final existing conditions and future without project 

conditions models. 
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Table 2-4: Recession baseflow parameters 

Subbasin 

Initial 

Discharge 

(cfs/mi2) 

Recession 

Constant 

Ratio 

to 

Peak 

Subbasin 

Initial 

Discharge 

(cfs/mi2) 

Recession 

Constant 

Ratio 

to 

Peak 

SB_VC2 1.57 0.9 0.03 SB_VC22 1.57 0.9 0.09 

SB_VC1 1.57 0.9 0.03 SB_VC23 1.57 0.9 0.09 

SB_VC3 1.57 0.9 0.03 SB_VC24 1.57 0.9 0.09 

SB_VC4 1.57 0.9 0.03 SB_OC1 1.57 0.9 0.09 

SB_VC5 1.57 0.9 0.03 SB_OC2 1.57 0.9 0.09 

SB_VC6 1.57 0.9 0.03 SB_OC4 1.57 0.9 0.09 

SB_VC7 1.57 0.9 0.03 SB_OC3 1.57 0.9 0.09 

SB_VC8 1.57 0.9 0.03 SB_OC6 1.57 0.9 0.09 

SB_VC9 1.57 0.9 0.03 SB_OC5 1.57 0.9 0.09 

SB_VC10 1.57 0.9 0.09 SB_VC25 1.57 0.9 0.09 

SB_VC11 1.57 0.9 0.09 SB_OC7 1.57 0.9 0.09 

SB_VC12 1.57 0.9 0.09 SB_VC26 1.57 0.9 0.09 

SB_TR1_1 1.57 0.9 0.09 SB_VC27 1.57 0.9 0.09 

SB_TR1_2 1.57 0.9 0.09 SB_VC28 1.57 0.9 0.09 

SB_TR1_3 1.57 0.9 0.09 SB_HT1 1.57 0.9 0.09 

SB_TR2_1 1.57 0.9 0.09 SB_HC1 1.57 0.9 0.09 

SB_TR2_2 1.57 0.9 0.09 SB_HT2 1.57 0.9 0.09 

SB_VC13 1.57 0.9 0.09 SB_HC2 1.57 0.9 0.09 

SB_VC15 1.57 0.9 0.09 SB_VC29 1.57 0.9 0.09 

SB_VC14 1.57 0.9 0.09 SB_VC30 1.57 0.9 0.09 

SB_VC16 1.57 0.9 0.09 SB_VC31 1.57 0.9 0.09 

SB_VC17 1.57 0.9 0.09 SB_TR4_1 1.57 0.9 0.09 

SB_VC19 1.57 0.9 0.09 SB_TR4_2 1.57 0.9 0.09 

SB_VC18 1.57 0.9 0.09 SB_VC32 1.57 0.9 0.09 

SB_VC20 1.57 0.9 0.09 SB_VC33 1.57 0.9 0.09 

SB_VC21 1.57 0.9 0.09 SB_VC34 1.57 0.9 0.09 

 

Reach Routing 

 

For the main reach of Valley Creek, Modified-Puls reach routing was applied utilizing the 

discharge-storage curves generated by the HEC-RAS Silver Jackets (steady flow) model (see 

Section 2.3.1). For Halls Creek, Halls tributary, and Opossum Creek, reaches from the present 

study model were used to generate discharge-storage curves. Cross sections were added 

through the mesh for Halls Creek to produce curves for the entire modeled length of the system. 

The storage-outflow tables for all reaches (Valley Creek, Halls Creek, unnamed tributary, and 

Opossum Creek) were updated iteratively as the HEC-RAS model was better calibrated. For 
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hydrology-only reaches along downstream portions of Valley Creek and upstream portions of 

Opossum Creek that did not have HEC-RAS models available, sub-basin reach routings were 

estimated using the Muskingum-Cunge method with eight-point cross sections. The seamless 

terrain data was used to determine cross section geometry, slope, and length of the reaches for 

the studied streams. Aerial imagery was used to estimate the Manningôs n-value for the reach 

routing.  

 

2.1.3 Calibration and Validation  
 

To support the development of a calibrated hydrology model, five rainfall events were chosen 

for analysis. Calibration events were selected on the basis of data availability, maximization of 

observation sites, accurate representation of land-use within the watershed, and normality of 

antecedent conditions. Three events were used to support calibration of the model and two 

more events were used to validate the model parameterization. Table 2-5 summarizes the 

events used for calibration and validation.  

 

Table 2-5: Rainfall events utilized for calibration and validation 

Event 
Precipitation 

Source 
Event Start Event End 

Avg. Rainfall 
Depth (inches) 

Event 
Classification 

December 25-26, 
2015 

NOAA XMRG 12:00 12:00 3.21 Calibration 

April 2-3, 2017 NOAA XMRG 18:00 18:00 3.51 Calibration 

December 27-29, 
2018 

NOAA XMRG 00:00 00:00 4.58 Calibration 

September 5-6, 
2011 

NOAA XMRG 18:00 18:00 9.29 Validation 

April 6-8, 2014 NOAA XMRG 00:00 12:00 4.14 Validation 

April 12-13, 1979 Gage 06:00 18:00 8.6 Historical Event 

December 2-3, 1983 Gage 20:00 20:00 8.6 Historical Event 

 

Rainfall data for the basin were taken from two sources. For events before 2009, land-based 

gages were used for calibration. After 2009, NEXRAD Stage IV hourly gridded precipitation data 

from the National Weather Service were used for calibration. All selected calibration events 

occurred during the wet season of early winter to spring, and were most likely the result of slow-

moving, frontal-type storms - those characteristic of extreme rainfall events in the southern 

Valley and Ridge and surrounding southeastern physiographic provinces of the study area - and 

those considered most-likely risk drivers for flooding in the study location. Seasonal variation in 

weather systems does exist within the study basin, however, and flash-flooding can occur 

throughout the year as the result of alternate storm types including isolated thunderstorms 

(convective) and dissipating tropical cyclones and their associated frontal systems (Konrad and 

Perry, 2010). 

 

While other rainfall events with more significant flooding have been observed as documented by 

USGS gage annual maximum discharge records, more recent events were selected due 

primarily to the availability of more detailed rainfall observations through a combination of 

ground-based precipitation gages, and NOAA Stage IV Radar. Additionally, there have been 

significant changes to the basin since the extreme storms in the 1970s and 1980s including a 



CUI  Final Reportï September 2021  

Valley Creek FRM                                                                                             Engineering Appendix: A-20  

major increase in urbanization, implementation of stormwater management plans, channel 

modifications to reduce flooding, and bridge additions that have created constrictions in the 

channel. Such drastic changes suggest that these historical events are an inaccurate 

representation of existing conditions within the study area. Reference Chapter 6 of this appendix 

for a detailed climate change assessment of the study area including a nonstationarity 

assessment of peak streamflow (Section 6.3). 

 
Calibration to observed events was performed on three fairly recent storm events. Ideally, larger 

(out-of-bank) events would be utilized; however, there were several limitations to this. First, 

stream gage and rain gage data are sporadic through the longest available period of record and 

availability of data does not line up with larger events. Also, the largest events in this basin 

occurred over 35 years ago, and since that time, there have been changes in urbanization, 

implementation of storm water management plans, channel modifications to reduce flooding, 

and numerous bridges added to the reach. All of these factors affect time and flow in the 

system. Therefore, more recent events were used to calibrate and validate models. However, 

the previously discussed historical events in the basin (1979 and 1983) were included in the 

hydrology model for comparison purposes. Events chosen for calibration occurred after 2009, 

the earliest year reasonable gridded precipitation data was available for the area. Below, in 

Figures 2-3 through 2-7, are the results for all calibration and validation events at USGS 

02461500. Other locations used for calibration are available in the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://waterdata.usgs.gov/al/nwis/uv/?site_no=02461500&PARAmeter_cd=00065,00060
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Figure 2-3: Dec 2015 calibration at Bessemer gage. 

 
 
 

 
Figure 2-4: April 2017 calibration at Bessemer gage. 
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Figure 2-5: December 2018 calibration at Bessemer gage. 

 

 

 

 
Figure 2-6: April 2014 validation at Bessemer gage. 
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Figure 2-7: September 2011 validation at Bessemer gage. 

 
2.1.4 Calibration/Validation Results and Discussion 
 

For this study, it was important to consider both peak flow and volume to accurately screen the 

array of alternatives being considered. Therefore, efforts were made to balance both peak flow 

and peak volume at every calibration point. Calibration is within acceptable ranges for the 

selected events for both peak and volume. The model simulates a peak flow of 7,463 cfs for the 

December 2015 event, while the observed peak was 7,000 cfs. Timing for this event was good, 

with a flood wave peak discrepancy of 15 minutes. A high Nash-Sutcliffe value of 0.96 indicates 

that the simulated hydrograph is in strong agreement with the observed. The peak flow was 

allowed to remain slightly high to conserve volume. The model is also considered well-calibrated 

to April 2017 and December 2018 events (Nash-Sutcliffe values of 0.96 and 0.95, respectively). 

Peak timing discrepancy for April 2017 was 15 minutes, while peak flows were 5,186 cfs 

(simulated) and 4,720 cfs (observed). December 2018 timing was somewhat less accurate than 

other events, with a peak arrival discrepancy of 1 hour; however, peak flows were well-

calibrated (5,455 cfs simulated and 5,090 cfs observed). 

 

Validation of the model was done using the average parameters from calibration for the 

transform, losses, and baseflow parameters. Mod-Puls subreaches where consistent throughout 

the calibrations and carried forward through the validation runs. The existing conditions basin 

model utilized the same parameters as the validation runs. The future without project conditions 

basin model also utilized the same parameters as the validation runs with the impervious areas 

adjusted to account for changes in future land use (see Section 3.0 of this report for more detail 

on development).  
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The model was less accurate in validating the peak of the April 2014 event (8,528 cfs simulated 

vs. 10,200 cfs), while validation was moderately accurate for September 2011. Timing of the 

April 2014 event was good, whereby a peak wave discrepancy of 15 minutes was observed. It 

was impossible to reach the total volume of the flow hydrograph for this event. This is likely due 

to some missing rainfall volume in the precipitation data as loss rates required to reach that 

peak would be unreasonably low. Peak flow during September 2011 was overestimated (13,478 

cfs simulated vs. 13,000 cfs observed), although the volume discrepancy was limited to about 

2%. As seen in the model, validation with April 1979 shows a severe underestimation of flow 

throughout the simulation (volume discrepancy of about 34%). Improved results can be 

observed for validation with December 1983, which is summarized by a peak flow difference of 

approximately 200 cfs, a volume discrepancy of 28.1%, and time discrepancy of 160 minutes. 

 

Table 2-6: Summarized results of HMS calibration and validation simulations 

Event 
Calibration/ 
Validation 

Computed Peak 
Flow (cfs) 

Observed 
Peak Flow 

(cfs) 

Computed 
Volume (ac-

ft) 

Observed 
Volume (ac-ft) 

December 2015 Calibration 7463 7000 4449 4880 

April 2017 Calibration 5186 4720 3119 3298 

December 2018 Calibration 5391 5090 4137 6130 

April 2014 Validation 8433 10200 8288 10040 

September 2011 Validation 13214 13000 12063 13744 

 

It should be noted that most events selected for calibration and validation have recurrence 

intervals of approximately 10 years or less (Ò 0.10 AEP) based on frequency analysis at USGS 

02461500 (see Section 2.1.6), while the AEP of September 2011 is estimated between 0.10 and 

0.04. This was due to the limited availability of data for larger events. The largest events on 

record (1979 and 1983) are included in the model, although they could not be reasonably used 

for calibration. There have been major channel improvements as well changes to urbanization 

and the implementation of storm water management plans since there occurrence. Therefore, 

these events are only included in the model as examples. Because of the limited data on recent, 

large events reflective of current basin conditions, there is a fair amount of uncertainty for the 

less frequent storms.  

 

2.1.5 Design Rainfall 
 

Because each heavy rainfall event is unique with high variability across even a small area, a 

ñdesign stormò is used to create a more objective and homogenous rainfall pattern that can be 

used for engineering purposes. NOAA Atlas 14 (NOAA, 2013) was used to develop design 

storms for the following annual exceedance probabilities: 50%, 20%, 10%, 4%, 2%, 1%, 0.5%, 

and 0.2%. Due to the relatively small area covered by this study (87 sq. mi.), a single 

precipitation value was used over the full basin (it was confirmed that there is negligible 

variability in Atlas 14 guidance across the basin). Because Atlas 14 estimates are ñpoint-

specificò, an Areal Reduction Factor (ARF) is required in order to reduce the value by 

accounting for increasing basin area size. The following ARF equation, obtained from Allen and 

Degaetno (2005), was used:  
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!2&ρ ÅØÐὥὸ ÅØÐ ὥὸ ὧὃ Equation 2 

 

where ὸ is event duration (hour) and ὃ is area (km2). The coefficients ὥ and ὧ as well as the 

exponent ὦ are empirically fit where ὥ = -1.1, ὧ = 2.59490 x 102 and ὦ = 0.25. With ὸ = 24 hours 

and ὃ = 225 km2, an ARF of 0.91 was obtained. Table 2-7 shows the design rainfall values, 

before and after applying the ARF, used for the 24-hour design storms. 

 

Table 2-7: NOAA Atlas 14 Design Rainfall Depths with and without ARF  

AEP Atlas 14 
Atlas 14 with 

ARF 

50% 4.09 3.72* 

20% 4.97 4.52* 

10% 5.82 5.29* 

4% 7.18 6.53 

2% 8.38 7.63 

1% 9.71 8.84 

0.5% 11.20 10.19 

0.2% 13.30 12.10 

*Additional reduction made to account for partial 

  duration to annual duration conversion. 

 

The temporal distribution of the design storm was based on a site-specific distribution 

developed from NOAA Atlas 14 precipitation (NOAA, 2013) and using the Natural Resources 

Conservation Service (NRCS) procedure for development of rainfall distributions (Merkel, 

Moody, and Quan, 2015). The 

goal was to include all of the 

rainfall amounts at the shorter 

durations, such as the 5-minute, 

10-minute, and 1-hour, rainfall 

provided within NOAA Atlas 14 for 

the 24-hour rainfall distribution.  

The Valley Creek study area is 

categorized under the Midwest-

Southeast (MSE) Type 5 

distribution, where the ratio of the 

60-minute to 24-hour rainfall 

intensity is typically between 0.38 

and 0.43. The 0.04 AEP site 

specific storm distribution was 

chosen as the distribution for all 

frequency storms. This distribution 

contains a ratio of 60-minute to 

24-hour rainfall intensity of 0.40. 

Figure 2-8 shows the site-specific 

distribution compared to the NRCS TP-40 Type II distribution used for this area.  

Figure 2-8: Rainfall distribution used for design storms 
compared to Type II distribution.  
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2.1.6 Frequency Simulation Results 
 
Design storms were applied to the existing hydrologic conditions basin model and used to 

produce flow estimates for 0.50, 0.20, 0.10, 0.04, 0.02, 0.01, 0.005, and 0.002 AEP events. 

Peak computed flows were compared to other data sources including the current, effective flood 

insurance study (FIS; FEMA, 2019) and regional information (Figures 2-9 through 2-11). 

Hydrology supporting the effective FIS (FEMA, 2019) is based on regional regression (Hains, 

1973 and Sauer, 1986), and aligns very closely with weighted regression estimates at Princeton 

Parkway and U.S. Route 11 (Figures 2-9 and 2-10).  

 

Regional data were derived from regression models applicable to the study basin (i.e., 

Hedgecock and Lee, 2010) and computed via StreamStats (USGS, 2018). The derivation of 

updated regression models is important to note as gages within the study basin, or surrounding 

watersheds within Jefferson County, were not utilized in their development due to concerns with 

excessive urbanization (Hedgecock and Lee, 2010). The regression values are plotted with their 

associated margin of error (+/- 31%). Additionally, results were compared to flow frequencies 

computed for the appropriate gage on Valley Creek (Figure 2-12). Frequency flow estimates 

from regression models were weighted with estimates from the gage frequency analysis at 

USGS 02461500 using methods provided by Hedgecock and Feaster (2007). The weighted 

estimates were transferred upstream and downstream to the study inflow locations for 

comparison with other datasets.  

  

 
Figure 2-9: Peak flow comparisons at Princeton Parkway (near upstream model extent; USGS 02461130 

location). 
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Figure 2-10: Peak flow comparisons at U.S. Route 11 (near middle of model extents). 

 

 
Figure 2-11: Peak flow comparisons at 19th Street North (near downstream extent of measures/impacts; 
USGS 02461500 location). Note: LPIII = Log-Pearson Type III and is equal to weighted regression at this 

location. 
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Overall, the peak frequency flow rates simulated in HMS have a reasonable agreement with 

regional and other published datasets. At USGS 02461500 (19th St. North), HMS produced 

similar peak flows to other datasets through the range of simulated frequencies. At this location, 

the most valuable dataset for comparison with HMS results is the gage frequency analysis 

developed from records at this site (Figure 2-10; 90% confidence limits shown). Discrepancies 

were larger for less frequent events (i.e., < 0.04 AEP). The average difference between the 

peaks from these datasets was 3,455 cfs. At U.S. 11, HMS is in strong agreement with 

compared datasets for most events. A peak discrepancy of 8,904 cfs exists between the model 

and the weighted regression estimate for the 0.002 AEP event; however, this value is near the 

upper limit of the regression model margin of error (25,021 cfs). At Princeton Parkway, the 

largest peak flow discrepancies (between weighted regression and HMS) occurred; results 

averaged 4,545 cfs. 

 

The gage frequency analysis was completed by standard methods (Bulletin 17C; England et al., 

2017), whereby a Pearson Type III distribution (and corresponding 90% confidence interval) 

was fit to the logarithm of observed annual peak flows at the site. One historical data point was 

derived from available gage information that provided a flood stage of 18.6 feet for an event in 

February of 1936. The published rating curve for the gage-site was extrapolated to obtain an 

estimate of flow associated with the provided stage value. The inclusion of this data point 

extended the historic period to 83 years, while a total of 35 systematic events were utilized for 

the analysis. 

 

 
Figure 2-12: Log-Pearson Type III frequency analysis results at USGS 02461500 (Valley Creek near 

Bessemer, AL). 
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Consideration was made to include additional historical information from a nearby gage, USGS 

02462000, which is located approximately 28 miles downstream of USGS 02461500. Data at 

USGS 02462000 (148.0 square-mile drainage area) includes peak records for both a 1935 and 

1916 event. It is feasible to assume that such events would have also produced significant flows 

at 02461500, so analysis 

was completed to analyze 

the correlation between the 

two gage sites. Based on 16 

shared events, only a weak, 

positive correlation could be 

established (Figure 2-13). 

Moreover, for some shared 

events, higher peak flow 

rates were observed at the 

site of interest (02461500), 

where the contributing 

drainage area (52.5 square 

miles) is significantly less 

than the target site (148.0 

square miles). For these 

reasons, it was determined that strong estimates of peak flows at 02461500 for these events 

could not be made. 

 

2.2 Hydraulics  
 
2.2.1 Hydraulic Model Background 
 

The existing conditions (EC) hydraulic model was developed from an existing model previously 

constructed by a contractor and the Mobile District. This model was produced for a joint effort 

originally in support of the Silver Jackets Flood Forecasting and Inundation Mapping (FFIM) 

program. For various reasons, this effort was discontinued; however, a flood mapping effort for 

Valley Creek was undertaken by the Mobile district for the City of Birmingham beginning in 

August of 2018. This effort was postponed due to the initiation of the FRM study for Valley 

Creek. The previously developed model was heavily modified to better represent the existing 

conditions of the study area. Modifications included bridge additions and modifications along 

Valley Creek, the addition of reaches for detailed modeling of Opossum Creek, Halls Creek, and 

the unnamed tributary draining to Halls Creek, addition of new cross sections, reconfiguration of 

existing sections, addition of 2-D flow areas (with corresponding connecting structures) on 

Valley Creek, addition of storage areas on Valley Creek, and geometry parameter adjustments.  

 
 
 
 
 
 

Figure 2-13: Correlation between USGS 02461500 (y) and USGS 
02462000 (x) based on 16 annual peak flow observations. 
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2.2.2 Model Overview 
 

Valley Creek 

 

The hydraulic model was developed in the Hydrologic Engineering Centerôs River Analysis 

System (HEC-RAS), version 5.0.7. The model consists of both 1D and 2D components. Valley 

Creek is modeled as a 1D reach from its headwaters near downtown Birmingham at RS 

2859+15, to a location just downstream of the Murphys Lane Bridge in Bessemer (RS 

2140+07). At this location, the 1D reach transitions into a 2D mesh. Further downstream, just 

upstream of Powder Plant Road, the model transitions back into a 1D reach, and continues as 

such to the downstream extent of the study extent (RS 1788+76). The total length of model 

along Valley Creek is approximately 20.3 miles. This length features 2 storage areas (Fivemile 

Creek and leveed area), and a total of 35 hydraulic structures including two lateral weirs (one 

levee and one railroad embankment), 28 bridges, and 5 culverts. One bridge is modeled as a 

culvert to comply with 2D modeling limitations (WWTP bridge at Valley Creek Water 

Reclamation). 

 

Opossum Creek 

 

Opossum Creek was initially added into the model for analysis of a measure on this system; 

however, it became apparent that its inclusion was also necessary for accurate modeling of flow 

contributions from this tributary. The presence of a large railroad embankment and narrow 

bridge crossing the Opossum Creek floodplain approximately 700 feet above the streamôs 

confluence with Valley Creek greatly reduces peak flows into the system. It was considered 

highly important to capture this both hydrologically and hydraulically given the substantial flows 

that Opossum Creek contributes, and its proximity to several measures and areas of concern on 

Valley Creek.  

 

Several alternative configurations of Opossum Creek beginning approximately 2,400 feet above 

Davey Allison Boulevard were modeled, including 1D/2D and 1D only types. The final 

configuration, however, features a simplified approach by utilizing only a 2D mesh that extends 

from a location just below Davey Allison Boulevard, to the aforementioned railroad embankment 

above the Valley Creek confluence. Simplification was made based on an understanding that 

suitable analysis of benefits and impacts would not require unique modeling of this reach to the 

previous extent. Early modeling showed that the measure would not be likely to cause impacts 

on the reach, and, because the measure is located just upstream of the Valley Creek 

confluence, the benefits would be observed on Valley Creek only.  

 

Halls Creek and Tributary  

 

Halls Creek and the unnamed tributary draining to it are both 1D reaches that combine at a 

junction, flow into a short combined 1D reach, and transition into a 2D mesh. Stationing on the 

streams is based on distance above the Halls Creek-Valley Creek confluence. The 2D mesh is 

the same mesh that serves as an inline connection on Valley Creek. Thus, this mesh (ñHalls & 
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Quarryò) converts 1D flow from two inline connections. This modeling approach was pursued as 

a most accurate method of portraying the characteristics of floodplain hydraulics in and around 

the overbanks of Valley Creek and Halls Creek, the confluence of the two stream channels, and 

flow into and around a retired quarry in the vicinity of the confluence location. Halls Creek 

includes a total of 4 bridges and 2 culverts. The tributary reach includes 7 bridges and 2 

culverts. A lateral structure links cross sections of the streams in a location of shared floodplain 

near the downstream confluence (above 14th Ave.). 

 
2.2.3 Hydrologic Record Linkage with HEC-DSS 
 

The Hydrologic Engineering Center Data Storage System (DSS) version 7 was utilized to 

transfer hydrologic records between the hydrologic and hydraulic models. Additionally, DSS was 

utilized for collection of observed flow records from USGS gages. Appropriate linkage between 

these models was certified using the following methodology: 

 

§ apply ñcombinedò flow records at all headwater cross sections (RS 2859+15 on Valley 

Creek, RS 106+48 on Halls Creek, and RS on 123+17 Halls Tributary) and the external 

boundary condition line of the Opossum Creek mesh; 

§ apply ñlocalò flow records at all cross sections corresponding to subbasin outfall locations 

without incoming reach flow; and 

§ apply computed flow records at sub-basin outfall locations with incoming reach flow. 

 

The computations applied to all DSS records (including calibration, validation, and frequency 

events) combined reach outflow with the ñlocal,ò or subbasin, outflow at Junction 11, Junction 

12, Junction 21, and Junction 29 from the HMS model. Computations at Junctions 11 and 12 

combine HMS reach flow from unnamed tributaries, and the computation at Junction 29 

combines reach flow from Fivemile Creek. Main stem flow from Opossum Creek is routed 

through the 2D mesh as described, whereby the ñcombinedò outflow record from Junction 21_5 

is applied to the mesh boundary condition line. As a result, there is no need to combine reach 

flow from Reach OC4 at the Valley Creek junction. The computation at Junction 21, however, 

combines ñlocalò outflow from subbasins VC25 and OC7 to more accurately define the outflow 

location of these adjoining subbasins at the Opossum Creek confluence. Table 2-8 summarizes 

the HMS-RAS model linkage. In the table, boundary condition (BC) lines correspond to 2D area 

inflow locations. 

 

Table 2-8: HEC-DSS record linkage detail 

HMS Junction RAS River RAS Reach 
RAS Cross 

Section/BC Line 
(2D only) 

Boundary Condition 

J26_2_5TH AVE. N Halls Creek Main Reach 10648.00 Flow Hydrograph 

J26_4_SR 59 Halls Creek 
Main Reach 

2 
3902.34 Lateral Inflow Hydrograph 

J26_3_EASTERN 
VALLEY RD. 

Unnamed Trib Main Reach 12317.17 Flow Hydrograph 

J1_5TH AVE. AT 
7TH ST. N 

Valley Creek Main Reach 285915 Flow Hydrograph 
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J2_4TH AVE AT 4TH 
ST. 

Valley Creek Main Reach 285000 Lateral Inflow Hydrograph 

J3_CENTER ST Valley Creek Main Reach 282629 Lateral Inflow Hydrograph 

J4_PRINCETON 
PARKWAY_8TH 

Valley Creek Main Reach 279016 Lateral Inflow Hydrograph 

J5 Valley Creek Main Reach 278348 Lateral Inflow Hydrograph 

J6_12TH ST. W AT 
LOMB AVE. 

Valley Creek Main Reach 276356 Lateral Inflow Hydrograph 

J7_FAYETTE AVE. 
SW 

Valley Creek Main Reach 272665 Lateral Inflow Hydrograph 

J8_AVENUE W Valley Creek Main Reach 270826 Lateral Inflow Hydrograph 

J9_SOUTH PARK 
RD. 

Valley Creek Main Reach 267785 Lateral Inflow Hydrograph 

J10_CLEBURN AVE Valley Creek Main Reach 259854 Lateral Inflow Hydrograph 

RAS AT J11* Valley Creek Main Reach 259181 Lateral Inflow Hydrograph 

RAS AT J12* Valley Creek Main Reach 255814 Lateral Inflow Hydrograph 

J13 Valley Creek Main Reach 251745 Lateral Inflow Hydrograph 

J14_WHATTEY ST. Valley Creek Main Reach 247936 Lateral Inflow Hydrograph 

J15 Valley Creek Main Reach 239419 Lateral Inflow Hydrograph 

J16_9TH AVE. N, 
ROUTE 11 

Valley Creek Main Reach 236455 Lateral Inflow Hydrograph 

J17_HARMER ST. Valley Creek Main Reach 233059 Lateral Inflow Hydrograph 

J18_OLD 
WOODWARD IRON 

RR 
Valley Creek Main Reach 231881 Lateral Inflow Hydrograph 

R_TR3_1 Valley Creek Main Reach 231160 Lateral Inflow Hydrograph 

J20_JAYBIRD RD. Valley Creek Main Reach 230070 Lateral Inflow Hydrograph 

RAS AT OPOSSUM 
MOD* 

Valley Creek Main Reach 223694 Lateral Inflow Hydrograph 

J23 Valley Creek Main Reach 223351 Lateral Inflow Hydrograph 

J24_BESSEMER 
GAGE 19THST 

Valley Creek Main Reach 219065 Lateral Inflow Hydrograph 

J25_13TH STREET Valley Creek Main Reach 214454 Lateral Inflow Hydrograph 

J28_POWER PLANT 
RD 

Valley Creek 
Main Reach 

2 
202960 Lateral Inflow Hydrograph 

RAS AT FIVEMILE 
CREEK* 

Valley Creek 
Main Reach 

2 
199083 Lateral Inflow Hydrograph 

J30 Valley Creek 
Main Reach 

2 
194221. Lateral Inflow Hydrograph 

SB_VC34** Valley Creek 
Main Reach 

2 
179662 Lateral Inflow Hydrograph 

N/A Valley Creek 
Main Reach 

2 
178875.7 Normal Depth 

J26_DOWNSTREAM 
HALL CREEK 

Valley Creek 
2D Flow 

Area 

Halls & Quarry 
BC Line: DS 
Halls Creek 

Flow Hydrograph 

J27 Valley Creek 
2D Flow 

Area 
Halls & Quarry 
BC Line: J2040 

Flow Hydrograph 

J21_5 
Opossum 

Creek 
2D Flow 

Area 

Opossum Creek 
BC Line: 

Opossum Creek 
Flow Hydrograph 
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2.2.4 Calibration  
 

As mentioned, the existing conditions model was developed from a previous Silver Jackets 

model. Base roughness coefficients for this model were selected utilizing aerial imagery, field 

reconnaissance, and standard guidance (see, e.g., Cowan, 1956 Chow, 1959; Rouse, 1965; 

FHWA, 1979; Yen, 1991; and Hicks and Mason, 1991). This steady flow model was initially 

calibrated to both rating curves available within the study extents (USGS 02461130 and USGS 

02461500). The final existing conditions model was calibrated to the hydrographs of the 

selected calibration events. The availability of observed data fluctuated with each event (see 

Table 1-1). Figures 2-14 through 2-17 provide stage and flow hydrographs for December 27-28, 

2018. Figures 2-18 through 2-20 provide stage and flow hydrographs for April 2-3, 2017. Finally, 

Figure 2-21 provides stage and flow hydrographs for December 25-26, 2015. 

 

 
Figure 2-14: December 2018 calibration at USGS 02461130. 

 

 
Figure 2-15: December 2018 calibration at USGS 02461192. 
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Figure 2-16: December 2018 calibration at USGS 02461405. 

 

 

 

 

 
Figure 2-17: December 2018 calibration at USGS 02461500. 
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Figure 2-18: April 2017 calibration at USGS 02461130 

 

 

 

 
Figure 2-19: April 2017 calibration at USGS 02461192 (note missing flow records). 
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Figure 2-20: April 2017 calibration at USGS 02461500. 

 

 

 

 

 

 
Figure 2-21: December 2015 calibration at USGS 02461500. 
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2.2.5 Calibration Results and Discussion 
 

December 2018 

 

Upon completion of calibration, the model is considered accurate in simulating the 

characteristics of the flood wave observed during the December 2018 event. Timing of the 

hydrograph peak is within 60 minutes for all locations. The volume difference between observed 

and simulated results was greatest at USGS 02461130 (22.35%). Additionally, the largest peak 

flow difference was approximately 332 cfs at USGS 02461500, while a maximum difference of 

0.70 feet was computed from simulated and observed stages (USGS 02461130). The largest 

peak stage value is outside of calibration ranges typically employed for modeling practice; 

however, it occurs at one of the previously described stations where a high-level of uncertainty 

is associated with the gage datum.  

 

April 2017 

 

Calibration between the model and observed data for the April 2017 event was completed with 

the largest volume discrepancy occurring at USGS 02461130 (24.58%). A larger volume 

difference is shown for USGS 02461192; however, this value is in error due to missing data at 

this station. The largest stage discrepancy occurred at USGS 02461130 (estimated datum) and 

was computed as 0.86 feet. The maximum difference in peak flow rate was about 236 cfs, which 

occurred at USGS 02461500 (omitting results from 02461192 based on missing data). The 

maximum difference in peak flow timing was computed as -45.00 minutes and located at USGS 

02461192 where missing data is applicable. Despite this, timing is considered to be strong 

based on the locations of the rising and falling limbs of the hydrographs.  

 

December 2015 

 
Calibration for this event is moderately strong with a peak flow discrepancy of approximately 

441 cfs, peak stage discrepancy of 0.57 feet, and volume difference of -11.86%. Timing of the 

flood wave peak was within 30 minutes of the observed.  

 

2.2.6 Validation 
 

In order to gage the accuracy of model calibrations and performance, validation events were 

selected. Model simulations with April 2014, September 2011, and the previously discussed 

historic flood events of April 1979 and December 1983 (stage records unavailable) were run as 

validations. Results from these simulations are limited to USGS 02461500 and are provided in 

Figures 2-22 through 2-25. 
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Figure 2-22: April 2014 validation at USGS 02461500. 

 

 

 

 

 

 

 
Figure 2-23: September 2011 validation at USGS 02461500. 
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Figure 2-24: December 1983 validation at USGS 02461500 (observed stage unavailable). 

 

 

 

 

 

 
Figure 2-25: April 1979 validation at USGS 02461500 (observed stage unavailable). 
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The existing conditions model does not accurately simulate the April 1979 event; the model 

does somewhat accurately simulate the September 2011 event. For April 2014, the timing of the 

model appears to be very good; however, the discrepancy in peak flow and volume is 

considered high (approximately 2,738 cfs and 28.47%, respectively). For this event, however, a 

high level of confidence was not associated with the rainfall data. The poor results from April 

1979 are not considered critical due to the previously described differences in basin conditions 

between existing conditions and those during the analyzed historic flood events. The main 

factors contributing to the substantial difference in peak flow rates are most likely channel 

modifications to Valley Creek that occurred upstream and in the vicinity of the gage, and 

construction of bridges upstream. Additionally, it is possible that the railroad embankment near 

the Valley-Opossum confluence (described previously) was not yet in place for this event. If the 

railroad embankment was not constructed, the modeling approach employed for Opossum 

Creek is inaccurately detaining flows from this system, which may help to explain the substantial 

loss in volume for this validation event as well as December 1983. The simulated, early arrival 

of the hydrograph for this event is likely the result of urbanization.  

 

2.2.7 Frequency Simulation Results 
 

Simulation of the 0.50, 0.20, 0.10, 0.04, 0.02, 0.01, 0.005, and 0.002 AEP events produced 

profiles representative of the flooding potential for current floodplain conditions. Profile plots of 

water surface elevations along the upper 1D reach of Valley Creek (ñMain Reachò) resulting 

from simulated flows are provided in Figure 2-26.  Plots of the lower, 1D reach (ñMain Reach 2ò) 

are available in the model as well as profile information for the 2D mesh connecting the 

reaches. Similarly, profile plots of the modeled tributaries are not provided here. 
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Figure 2-26: Profile plot of EC frequency events in the upper 1D hydraulic reach of Valley Creek (river stations and some bridges shown). 
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3.0 H&H Future Without Project Conditions 
 

3.1 Development 
 
3.1.1 Background 
 

Future without project (FWOP) conditions flow rates were based on changes to impervious 

surface area within the watershed and estimated with a forecasted land-use dataset for the City 

of Birmingham, municipality-provided stormwater management plans, and a forecasted land use 

dataset provided within the Integrated Climate and Land-Use Scenarios (ICLUS) datasets 

available from the EPA (ICLUS, 2017a). Locally provided data were prioritized in the 

development of future hydrologic conditions, whereby SWMPs were consulted and used to 

over-ride land-use changes in applicable sub-basins. The locally provided future land-use data 

for the Birmingham area were analyzed for estimating changes in impervious surface area for 

applicable sub-basins; however, it was ultimately found that land-use within these sub-basins 

did not vary significantly from existing land-use (determined from National Land Cover Database 

[NLCD] of 2011 [Homer et al., 2015]), forecasted land-use datasets from ICLUS (2017a), and 

the dataset provided by the City of Birmingham. Additionally, it was found that, due to the level 

of existing cover, impervious surface area in these applicable sub-basins does not change from 

current (NLCD 2011) land-use to forecasted (ICLUS, 2017a).  

 
3.1.2 Storm Water Management Plan implementation 
 

SWMPs were provided for Bessemer, Birmingham, Brighton, Hueytown, Midfield, and Jefferson 

County. The total area of these municipalities covers the majority of the study area. The core 

regulation within the SWMPs is shared by the communities ï post-construction hydrology shall 

mimic (i.e., be less than or equal to) pre-construction hydrology for 0.50, 0.20, 0.10, and 0.04 

AEP rainfall events as determined from Atlas 14, Vol. 9, Version 2 (NOAA, 2013). A small 

portion of the drainage area within the study basin is covered by district boundaries of the 

McCalla, McAdory, and Eastern Valley areas. For these locations, the core regulation from the 

SWMPs was carried forward, due in part to their location downstream (mostly) of infrastructure 

analysis locations, and their very small area of coverage in comparison to the subbasins by 

which they are encompassed. 

 

3.1.3 Integrated Climate and Land-Use Scenarios 
 

The land-use datasets available from EPA are based on the 2010 U.S. Census and 

demographic components of mortality, fertility, and immigration as well as climate-influenced 

county-to-county migration to project population to 2100, and results from a spatial allocation 

model (Spatially Explicit Regional Growth Model [SERGoM v2]) used to project future increases 

in housing density (see EPA, 2017). Two datasets (per decade) consisting of forecasted land-

use were available from the EPA and correspond to Socioeconomic Pathways (SSPs) 2 and 5 

(SSP2 and SSP5) as described by OôNeill and others (2016). The 2070 datasets (i.e., 50-year 
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forecast) were initially selected from the decadal series to determine the change in urban 

development from existing (based on NLCD 2011) to FWOP conditions.  

 

Forecasted impervious surface datasets were also available within the ICLUS database (EPA, 

2017b). These were desirable for analysis of FWOP conditions because loss modeling via initial 

and constant deficit loss rates includes an allocation of impervious area per sub-basin as a 

model parameter. However, the forecasted impervious datasets are extremely coarse (1 km2 

resolution) and were thought to be grossly underestimating increases in impervious cover within 

study sub-basins. For this reason, the initially selected forecasted land-use datasets were 

utilized, and a relationship with impervious area was established on a subbasin scale as follows: 

 

ὖὍ ὖὟ
ὖὍ

ὖὟ
 Equation 3 

 

where ὖὍ  is the percentage of impervious area for a given sub-basin in 2070,  ὖὟ  is 

the percentage of urban land-use in a given sub-basin in 2070,  ὖὍ is the percentage of 

impervious area in for a given sub-basin in 2020, and  ὖὟ  is the percentage of urban land-use 

in a given sub-basin in 2020. Impervious surface area totals for each study subbasin are 

provided for both existing and future without project conditions in Figure 3-1. In subbasins where 

impervious cover was projected to decrease by 2070, the existing conditions impervious value 

was utilized as a conservative approach. 

 

 

 

 

 



CUI  Final Reportï September 2021  

Valley Creek FRM                                                                                             Engineering Appendix: A-44  

 
Figure 3-1: Total impervious area values (%) for existing and future without project conditions. 
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3.2 Frequency Simulation Results 
 

3.2.1 Hydrology 
 

The implementation of FWOP hydrologic conditions produced flow rates slightly larger than 

existing conditions for 0.02, 0.01, 0.005, and 0.002 AEP events at the HMS model junctions. 

Differences (FWOP minus EC) between peak flow rates for the study conditions were computed 

for all HMS model junctions and are provided in Table 3-1.  

 

Table 3-1: Differences in peak flow rates (cfs) from EC to FWOP conditions by recurrence 

interval at all HMS junctions 

Location 
Drainage 
Area (mi2) 

0.50 
AEP 

0.20 
AEP 

0.10 
AEP 

0.04 
AEP 

0.02 
AEP 

0.01 
AEP 

0.005 
AEP 

0.002 
AEP 

J1_5th Ave. 
at 7th St. N 4.49 0 0 0 0 0 0 0 0 

J2_4th Ave 
at 4th St. 5.67 0 0 0 0 1.2 1.2 1.2 1.2 

J3_Center St 6.28 0 0 0 0 1.1 1.4 13.8 2.3 

J4_Princeton 
Parkway/8th 9.37 0 0 0 0 3 1.3 1.1 3.1 

J5 10.53 0 0 0 0 2.4 1.7 1.1 2.6 

J6_12th St. 
W at Lomb 

Ave. 11.55 0 0 0 0 1.9 1.8 1.3 2.5 

J7_fayette 
Ave. SW 12.38 0 0 0 0 1.7 1.5 1.6 2.3 

J8_Avenue 
W 13.27 0 0 0 0 1.7 1.4 1.6 3.4 

J9_South 
Park Rd. 13.67 0 0 0 0 1.6 1.4 1.1 2.6 

J10_Cleburn 
Ave 16.15 0 0 0 0 1.9 1.6 4.1 2.6 

JCT Nabors 
Branch 20.27 0 0 0 0 5.3 4.8 7.5 5.9 

J11_2 0.75 0 0 0 0 1.9 1.7 1.7 1.6 

J11 21.28 0 0 0 0 5.4 8.7 3.7 7 

J12_2 0.19 0 0 0 0 0.2 0.1 0.1 0.1 

J12_ 
Seaboard RR 

Upstream 22.48 0 0 0 0 6.1 9.2 4.7 18.6 

J13 24.72 0 0 0 0 7 6.7 7.9 5.5 

J14_Whattey 
St. 27.09 0 0 0 0 7 -31.6 8.8 8.5 

J15 29.04 0 0 0 0 10.3 10.9 7.5 6 

J16_9th Ave. 
N, Route 11 30.04 0 0 0 0 9.3 7.7 13.5 4.6 

J17_Harmer 
St. 31.76 0 0 0 0 10.5 8 13.8 4.6 

J18_Old 
Woodward 

Iron RR 32.75 0 0 0 0 11.3 10.6 13.3 11.2 

J19_2 0.69 0 0 0 0 0.8 0.7 0.7 0.7 
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J19 33.44 0 0 0 0 12.2 11.1 13.3 13 

J20_Jaybird 
Rd. 34.25 0 0 0 0 12.6 18.7 14.3 12.9 

J21_2_South 
of U.S. Steel 

Pk 4.01 0 0 0 0 0 0 0 0 

J21_3 4.8 0 0 0 0 0.2 0.2 0.2 0.3 

J21_4 9.42 0 0 0 0 8.9 8.7 8.9 8.9 

J21_5 14.4 0 0 0 0 13.9 11.6 11.4 109.9 

J21 49.28 0 0 0 0 15.4 30.9 30.9 32.2 

J22_CSX RR 50.07 0 0 0 0 28.3 19.9 24.5 27.5 

J23 51.94 0 0 0 0 34.2 21.8 27.9 32.9 

J24_Bessem
er Gage 
19thSt 53.07 0 0 0 0 35 25.9 28.5 27.8 

J25_13th 
Street 54.31 0 0 0 0 25.7 29.7 28.7 31.5 

J26_3_Easte
rn Valley Rd. 3.59 0 0 0 0 2.2 2.1 2.1 2.1 

J26_2_5th 
Ave. N 1.66 0 0 0 0 1.4 1.2 1.1 1.1 

J26_4_SR 59 6.98 0 0 0 0 3.5 2.9 4.1 3.2 

J26_Downstr
eam Halls 

Creek 62.06 0 0 0 0 19.5 35.8 34.2 67.7 

J27 63.08 0 0 0 0 41.1 37.5 34.4 31.7 

J28_Power 
Plant Rd 64.83 0 0 0 0 46.7 35.5 34 19.4 

J29_2 11.05 0 0 0 0 10.2 10.1 10.2 10.2 

J29_3 15.88 0 0 0 0 15.8 15.7 15.8 16 

J29 82.52 0 0 0 0 58.7 47.8 48.7 59.1 

J30 85.44 0 0 0 0 58.6 47.9 48.9 70.2 

Outlet 86.99 0 0 0 0 58 49.3 48.5 73 

 

3.2.2 Hydraulics  
 

Simulation of the 0.50, 0.20, 0.10, 0.04, 0.02, 0.01, 0.005, and 0.002 AEP events with updated 

(FWOP) hydrology produced profiles representative of the flooding potential for floodplain 

conditions estimated for the year 2070. Profile plots of water surface elevations on Valley Creek 

resulting from simulated flows are provided in Figure 3-2.  
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Figure 3-2: Profile plot of FWOP frequency events in the upper 1D hydraulic reach of Valley Creek (river stations and some bridges shown). 
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4.0 Flood Risk Management Alternatives 
 

This section details the development and performance of the alternative structural plans 

designed for mitigation of flood risk in the Valley Creek basin. A total of 35 structural measures 

were identified and analyzed, from which a refined set of 18 tested measures were carried 

forward to alternatives formulation. A total of 17 structural alternatives were produced from 

these measures for which costs and national economic benefits were derived. Thorough 

preliminary analysis of the structural measures insured that all final alternatives were effective at 

producing hydraulic benefits with reduced risk and minimal impacts. 

 

4.1 Measure Development 
 

Structural flood risk management measures were developed based on an in-depth flood risk 

analysis of the study area and engineering judgment of structure-type performance. The 

measures were located throughout the majority of the Valley Creek study length (approximately 

from RS 2840+58 to 2034+67), in addition to Halls Creek and the Halls Tributary. The scope of 

investigation was expanded to explore FRM opportunities in these tributaries based on 

repetitive loss areas (data provided by the City of Bessemer [F. Freeman, personal 

correspondence, 16 October 2018]. The extents of exploration are in accordance with guidance 

(ER 1165-2-21; USACE, 1980). Measures identified for this study included overbank detention 

sites, dams, levees, bridge modifications, and a channel modification. A naming convention was 

derived for organizational purposes and is shown with details of the measures in Table 4-1. 

Locations of the measures are shown in Figures 4-1 through 4-4. In the figures, preliminary 

cross sections from the hydraulic model utilized for the Birmingham mapping effort described in 

Section 2.1.1 are shown. 

 

Table 4-1: Valley Creek FRM Study Measures 

Type Name Description 

Overbank  
Detention 

VD1 
10.0 acres on left overbank downstream of Center St. One home on 
property and minor roadways. 

VD2 

13.6 acres on left overbank downstream of Princeton Pkwy. Note: 2 
sizes initially considered with largest moving forward. This area includes 
3 homes and minor roadways. Size updated again through refinement 
phase. 

VD3 
22.2 acres on left overbank at Fayette Ave. SW. Previous buyout area 
with minor roadways and slab foundations. 

VD4 16.4 acres on left overbank at Lincoln Ave. 

VD5 
55.6 acres on left overbank downstream of Alemeda Ave. SW. Clear 
area but contains Land Trust. 

VD6 
27.9 acres on left overbank at Hartman Industrial Blvd. Site uses existing 
quarry. 

VD7 38.6 acres at By Williams Sr Dr. Site uses existing, ponded quarry. 

VD8 
54.5 acres on left overbank immediately downstream of By Williams Sr 
Dr. Area is clear of development but contains Land Trust. 

VD9 
24.8 acres on right overbank immediately downstream of By Williams Sr 
Dr. Both areas clear of development; however, VD8 contains Land Trust. 
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VD10 
85.6 acres on left overbank immediately downstream of Martin Luther 
Ave. Area is clear of development but contains Land Trust. 

VD11 
39.6 acres on left overbank just upstream of Jaybird Rd. Area is clear of 
development other than roadways. 

VD11b Additional 8.5 acres on right overbank added to VD11. Open area. 

VD12 
33.4 acres on left overbank just upstream of 19th St. Area is clear of 
development but may have HTRW issues. 

VD13 
26.5 acres on left overbank just downstream of 19th St. Area is clear of 
development but contains Land Trust area. 

Levee 

VL1 
Berm repair of existing RR embankment on right overbank near Quincy 
Ave. (745 feet). 

VL2 
Levee on right overbank extending from a location just upstream of 
Martin Luther Ave. and tying into a point near Sugar Ray Dr. 
downstream (3265 feet). 

VL3 
Levee on right overbank extending from Sugar Ray Dr. upstream and 
tying into a location due east of 47th St. (3765 feet). 

VL4 
Ring levee on left embankment extending from 19th St. N upstream and 
tying in to I-20 embankment (8740 feet). 

Bridge 
Modification 

VB1 3rd Ave. N over Valley Creek. 

VB2 RR DS 3rd Ave. N over Valley Creek. 

VB3 Fayette Ave. SW over Valley Creek. 

VB4 By Williams Sr. Dr. over Valley Creek. 

VB5 RR DS Jaybird Rd. over Valley Creek. 

VB6 RR at Opossum Creek over Valley Creek. 

VB7 2nd RR at Opposum Creek over Valley Creek. 

VB8 Murphys Ln. over Valley Creek 

 VB91 18th Ave. over Valley Creek. 

HB1 8th Ave. N over Halls Creek. 

HB2 9th Ave. N/Bessemer Hwy. over Halls Creek. 

UB1 5th St. N over Halls Tributary. 

 UB21 9th Ave. N/Bessemer Hwy. over Halls Tributary. 

Channel 
Modification 

VC1 
120-ft. channel from Murphys Ln to WWTP service bridge 
(approximately). 

Dam 

VI1 
Dam as appurtenant structure to RR embankments (bridge removed) 
near central basin quarries with crest elevation at 516.5 ft-NAVD88. 

VI2 
Dam as appurtenant structure to RR embankments (bridge converted to 
pedestrian) just downstream of Midfield High School with crest elevation 
at 505.0 ft-NAVD88. 

OI1 
Dam as appurtenant structure to active RR embankments on Opossum 
Creek near Valley Creek confluence. Crest elevation at 465.0 ft-
NAVD88. 

1Indicates measures that were added during the preliminary screening phase. 
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Figure 4-1: Preliminary structural FRM measure locations in the vicinity of Valley Creek headwaters, downtown Birmingham, and Fairview.
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Figure 4-2: Preliminary structural FRM measure locations in the vicinity of Midfield.














































































































































































































