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Executive Summary 

In the early 1970’s, the Cullman County Commission recognized the need to increase the 
future water supply available in Cullman County and the surrounding region.  It 
commissioned a study, which was completed in 1978 by Lucas and Carr, Engineers, Inc., 
and later updated in 1983, to identify a means of augmenting the region’s water supply.  
The Lucas and Carr study identified four potential sites for such water supply 
augmentation, one of which was Cullman County’s Duck River.   

Spurred by the Lucas and Carr study, Cullman County began working with the City of 
Cullman to acquire the funding necessary to further develop, investigate, and evaluate that 
study’s findings.  To that end, the City of Cullman, with the assistance of the late 
Congressman Tom Bevill, obtained a $5 million grant from the federal Appalachian 
Regional Commission (ARC) to fund and implement such additional follow-on studies in 
coordination with Cullman County and a number of independent water systems within the 
region.  To effect such coordination on a regional basis, the Cullman-Morgan Water District 
(CMWD) formed to oversee the ARC-funded studies, to evaluate their conclusions and 
recommendations, to advise its members (the City of Cullman, Cullman County, and a 
collection of independent water systems) accordingly, and, as appropriate, to implement the 
chosen recommendation as a coordinated effort for its members’ benefit. 

Accordingly, at the behest of CMWD, the U.S. Army Corps of Engineers’ (Corps) Nashville 
District, Lockwood Greene Technologies, and Almon & Associates conducted a 
comprehensive and detailed pair of studies to further investigate potential additional 
sources of water supply in the region.  Those studies, which were completed in 1994 and 
1995, examined 15 different water supply alternatives and, in the 1995 study, forecast that 
the region’s water needs would eventually exceed the existing water supply.  Upon detailed 
review of the multiple alternatives identified by those studies and the recommendations 
provided therein, the CMWD recommended that the City of Cullman impound a section of 
the Duck River behind a 1,925-ft long rock fill dam.  The resulting 640-acre reservoir would 
provide up to 32 million gallons per day (mgd) of safe yield as a back-up supply to 
complement the existing Lake Catoma reservoir. The proposed reservoir would be located 
within the Duck River sub-watershed of the Mulberry Fork watershed, one of five 
watersheds within the Black Warrior River basin.   

After additional review, the CMWD determined that the construction of such a reservoir 
was its preferred alternative. The CMWD and the City of Cullman, as joint applicants, filed 
for a Clean Water Act Section 404 permit for construction of the reservoir from the Corps on 
March 22, 1996.  In order to issue a federal permit, the Corps is required to conduct an 
environmental impact analysis mandated by the federal National Environmental Policy Act 
(NEPA).  That detailed analysis, conducted in coordination with applicants, took place over 
the course of the next 4 years.  On February 1, 2000, following completion of an 
Environmental Assessment (EA) and the issuance of a Finding of No Significant Impact 
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(FONSI), the Corps issued the Section 404 permit (AL96-00912-U) necessary to construct the 
reservoir. 1  

On April 10, 2000, the American Canoe Association, Inc., Alabama Rivers Alliance, Friends 
of the Mulberry Fork, and Wild Alabama filed a lawsuit challenging the Corps’ issuance of 
the Section 404 permit, alleging violations of NEPA.  On August 15, 2003, the United States 
District Court for the Northern District of Alabama, in American Canoe Association v. White, 
277 F.Supp.2d 1244 (N.D. Ala. 2003), vacated the Corps permit.  Although the Court agreed 
that a need for the reservoir actually exists, it determined that the Corps had failed to 
adequately comply with the requirements of NEPA.  While supporting the Corps on a 
number of the issues, in addition to the need for the project, the Court determined in its 
Memorandum Opinion that the EA and FONSI were deficient in three specific areas:  (i) 
analysis of water quality in the proposed reservoir; (ii) analysis of the proposed reservoir’s 
downstream effects on the Duck River and the Mulberry Fork; and (iii) analysis of the 
cumulative effects of the proposed reservoir and other potential reservoirs on the 
environment. 

In response to the Court’s invitation to take a “hard look” at the issues so identified and to 
reconsider its decision and conclusions, the Corps has prepared this Supplement to the 
Environmental Assessment.  The Court’s explicit identification of three particular issues, its 
recommendations for adequately addressing them in light of NEPA’s requirements, and a 
synopsis of how this Supplement to the EA addresses them are presented below. 

1. “A remand is necessary so that the agency can consider whether nutrient loadings 
[into the proposed reservoir] will [. . .] be reduced by 60% and, if so, whether the 
presence of this pollution necessitates the preparation of an EIS.” – American Canoe 
Association, 277 F.Supp.2d at 1263. 

Here, the Court referred to the sufficiency of the Corps’ analysis of the prospective water 
quality of the proposed reservoir, particularly in light of anticipated nutrient loading of the 
reservoir from its surrounding watershed.  In response to the Court’s concerns, the Corps, in 
coordination with the Corps’ Engineer Research and Development Center (ERDC) in 
Vicksburg, Mississippi, undertook a comprehensive analysis of the proposed reservoir’s 
prospective water quality, the challenges the reservoir faced with respect to such water 
quality, and the means and likelihood of those challenges being successfully met.   

In general, the Corps’ work: (i) confirmed that a 60 percent reduction in nutrient loading 
was indeed required; (ii) identified and quantified the known and suspected sources of such 
nutrient loading within the Duck River sub-watershed; (iii) identified and evaluated 
methods of controlling such sources and reducing the associated loadings; (iv) confirmed 
that those methods would indeed achieve the necessary 60 percent reduction; and (v) 
identified contingent controls and adaptive management measures that could and would be 
employed should monitoring of the Duck River sub-watershed indicate that the requisite 
reductions are not being achieved.  Furthermore, as this Supplement notes, the measures 

                                                      
1 Various components of the Corps have participated in the analysis and evaluation of this project. The Nashville District 
prepared the initial reservoir hydrology and hydraulics analysis, the Mobile District has been responsible for permit evaluation 
(1996-present), and ERDC conducted an analysis and evaluation of the proposed reservoir's projected water quality. 
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required to achieve such reductions will be mandated by the terms of the Section 404 permit 
required for the reservoir’s construction. 

More specifically, the Corps’ and ERDC’s analysis and evaluation of the reservoir’s 
prospective water quality proceeded as follows.  First, ERDC, drawing upon additional data 
acquired since the EA’s initial development, conducted additional modeling runs of the 
BATHTUB model – a well-respected and widely accepted model frequently used for 
determining a reservoir’s or lake’s trophic state.  The additional BATHTUB modeling 
confirmed that a 60 percent reduction in nutrient loading – specifically, a reduction in total 
phosphorus (TP), which was identified as the limiting nutrient with respect to algal growth 
– from the surrounding watershed would have to be achieved in order to prevent the 
reservoir from becoming eutrophic.  In terms of specific quantity, this 60 percent reduction 
represented a reduction in potential TP loading of approximately 3,300 lbs/year. 

Second, ERDC recognized that the primary sources of TP in the watershed are (i) animal 
feeding operations (AFOs) and the larger-scaled concentrated animal feeding operations 
(CAFOs), and (ii) the erosion and subsequent transport of TP-containing soil from 
agricultural land (cropland and pastures) in the Duck River sub-watershed.  In total, ERDC 
estimated that such sources would be responsible for 90 percent of the nutrient loading in 
the proposed Duck River reservoir.  

Third, ERDC determined that control of such sources (and the resultant reduction of TP 
loading from such sources) could be achieved by such measures as implementation of best 
management practices (BMPs) in the watershed.  With respect to quantifying the likely 
impact of BMPs associated with AFOs/CAFOs, ERDC employed three independent 
analytical methods.  Each of those methods confirmed that as much as 1,355 lbs/year of the 
necessary TP load reductions in the Duck River sub-watershed could be achieved through 
the implementation of such AFO/CAFO-related BMPs alone.   

With regard to the other primary source of TP loading in the sub-watershed – soil erosion – 
ERDC calculated that aggressively implemented tillage and other cropland management 
practices should reduce such TP loading by as much as 2,000 lbs/year.  Acting in 
conjunction, therefore, the BMPs directed at both AFOs/CAFOs and soil erosion would be 
capable of achieving the requisite 3,300-lbs/year reduction in TP loading in the Duck River 
sub-watershed.  When a comprehensive watershed management approach that coordinated 
these prospective measures was considered, however, the potential for load reductions was 
even greater.  Specifically, ERDC forecast that TP load reductions sufficient to provide a 60 
percent reduction in TP loading were achievable in the sub-watershed should such an 
approach be adopted. 

Fourth, the Corps and ERDC assessed the actual implementation and effectiveness of such 
BMPs in the Duck River sub-watershed to determine if their favorable predictions were 
actually warranted.  They recognized that water quality measures currently being 
implemented encompassed a range of activities that included waste management, soil and 
erosion control, AFO/CAFO management, water quality monitoring, and education/ 
outreach efforts.  A relevant gauge of the effectiveness of such activities includes the 
removal (and ongoing absence) of the Duck River from Alabama’s inventory of pollutant-
impaired water bodies (Clean Water Act 303(d) list). 
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The majority of such successful water quality measures are being implemented and 
conducted under the auspices of a full-time professional watershed coordinator.  With 
respect to AFO/CAFO management, the regulation of such measures falls under the 
purview of the Alabama Department of Environmental Management (ADEM).  Importantly, 
a recent (winter 2003-2004) independent evaluation of AFO/CAFOs in the Duck River sub-
watershed conducted by ADEM concluded that local operators were evidencing a high 
degree of compliance with ADEM’s AFO/CAFO program.  Eighty-five percent of the 
AFOs/CAFOs inspected had either no or merely minor (i.e., paperwork-related) violations.  
Even at the sites of other violations, no discharges of pollutants were occurring and 
violations were corrected within 2 weeks of ADEM’s identification of the violations. 

Finally, the Corps identified a series of adaptive watershed management activities that 
would not only monitor the ongoing effectiveness of the BMPs discussed above but that 
would also react to unanticipated problems or limitations that such monitoring revealed.  
The implementation of a watershed management plan (already approved by ADEM) will 
play a key role in ensuring such effective management.  Its measures will include the 
maintenance and enforcement of a 100-foot vegetated buffer around the proposed reservoir, 
an aggressive water monitoring program within the sub-watershed, annual compliance 
inspections of AFOs/CAFOs by the watershed coordinator (and, should violations be 
detected, subsequent enforcement by ADEM), and implementation of National Resource 
Conservation Service guidelines for soil erosion control.  ADEM’s stormwater program for 
land disturbance activities will also aid in soil erosion control.  Furthermore, a phosphorus 
index of the sub-watershed’s agricultural land will be developed and assessed to assure that 
the predictions regarding nutrient loading (and its control) into the reservoir remain valid.   

All of those watershed management activities, their effectiveness, and recommendations for 
improvement will be tracked and presented in an annual report.  Thus  the City of Cullman 
and the CMWD will be able to track their ongoing efforts to achieve the requisite nutrient 
load reductions.  If such efforts should fail, despite the Corps’ and ERDC’s predictions to the 
contrary, then the city, the CMWD, and the Corps will possess the information necessary to 
adjust and improve such watershed management activities (and, if necessary, to modify the 
permit to require a heightened level of activity).  

2. “On remand, the [Corps] should consider whether the construction of Duck River 
reservoir will detrimentally affect the Mulberry Fork and, if so, whether the effects 
are sufficiently sufficient [sic] to require an EIS for the Duck River project.” – 
American Canoe Association, 277 F.Supp.2d at 1264. 

Here, the Court referred to the sufficiency of the Corps’ analysis of the potential impact of 
the Duck River reservoir on the downstream Mulberry Fork (which the Duck River joins 11 
miles downstream from the proposed reservoir).  In response to the Court’s concerns, the 
Corps re-evaluated such potential impacts based on additional flow monitoring data 
collected from United States Geological Survey stream gages on the Duck River and the 
Mulberry Fork.  Using those data, the Corps modeled both existing and anticipated stream 
flow conditions in these rivers.   

Based on that analysis, the Corps confirmed that, even using a worst-case set of parameters, 
the proposed reservoir’s collection of water during high flow events will allow it to release 
minimum flows downstream into the Duck River (and thus to the Mulberry Fork) during 
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low flow conditions in a greater quantity than the volume of water that currently flows, 
which can otherwise decrease to nearly 0 cubic feet/second (cfs) for extended periods 
during drought conditions.  Another positive impact will be the proposed reservoir’s 
anticipated removal, through settling and natural biological processes, of suspended 
particles, TP, and other pollutants from the Duck River downstream of the proposed dam.  
Such removal will benefit the quality of downstream waters, including the Mulberry Fork.  

With respect to high flow conditions, peak flows in the Mulberry Fork will be reduced to 
some degree. The most likely reduction in the flows during peak flow conditions (2,000 to 
2,700 cfs) would range from 14 to 166 cfs.  Importantly, under both low- and high-flow 
conditions, the variation in natural flows of the Mulberry Fork will be maintained, to a large 
extent, at pre-Duck River project conditions.  
 
In total, therefore, the proposed Duck River reservoir would not detrimentally affect the 
Mulberry Fork to any significant degree. 

3. “On remand, the [Corps] should consider whether the [Birmingham Water Works 
and Sewer Board’s proposed] Locust Fork project will ultimately be built and, if so, 
whether the presence of the Locust Fork reservoir necessitates the preparation of an 
EIS for the Duck River Project. . . . To avoid a future challenge that the [Corps also] 
failed to take a hard look at the Tom Bevill project [in Fayette County], the agency 
may [also] want to consider this issue on remand and at least explain why it was not 
considered. ” -- American Canoe Association, 277 F.Supp.2d at 1244. 

Here, the Court referred to the sufficiency of the Corps’ cumulative impact analysis, 
particularly with regard to the effect which other proposed reservoirs would potentially 
have on the environment when those other projects’ anticipated future impact(s) are 
coupled with the impacts anticipated from the proposed Duck River reservoir.  In response 
to the Court’s concerns, the Corps further evaluated potential cumulative impacts within the 
Upper Black Warrior headwaters basin – the project impact zone – and, looking beyond that 
zone, also examined whether and how the Birmingham Water Works and Sewer Board’s 
(BWWSB) potential Locust Fork project and Fayette County’s potential Tom Bevill reservoir 
project would cumulatively impact the environment when their potential impacts are 
coupled with those of the proposed Duck River reservoir.   

With respect to the BWWSB and Tom Bevill reservoirs, because of spatial separation and 
hydrologic discontinuity, the potential for interaction and cumulative impacts among the 
three proposed reservoirs was determined to be negligible.  Importantly, each of the three 
proposed reservoirs (BWWSB, Tom Bevill, and Duck River) is in a different major 
watershed: 

• The proposed Tom Bevill reservoir is in the Upper Black Warrior River watershed. 

• The proposed BWWSB reservoir is in the Locust Fork watershed. 

• The proposed Duck River reservoir is in the Mulberry Fork watershed. 

Bankhead Lake extends upstream beyond the confluence of the Mulberry Fork, and the 
Locust Fork, and the Sipsey Fork watershed joins the Mulberry Fork upstream of Bankhead 
Lake.  The southwestern portion of the Mulberry Fork watershed, almost half of the 

P:\CULLMANALUTILITIESBO\314526\TMS\DRAFT SUP EA\FINAL REVISED DRAFT\FINAL REVISED DRAFT EA 06_07_05.DOC  VII



DRAFT SUPPLEMENT TO THE ENVIRONMENTAL ASSESSMENT, WATER SUPPLY PROJECT, DUCK RIVER RESERVOIR, CULLMAN, ALABAMA 

watershed, drains into Bankhead Lake downstream of the confluence of the Sipsey Fork and 
the Mulberry Fork.  The combination of large hydrologic inputs and the intervening 
reservoir would preclude any cumulative impacts to hydrology and water quality from the 
proposed Duck River reservoir and the proposed BWWSB reservoir. 

The proposed Tom Bevill reservoir is upstream of Lake Tuscaloosa and water from this 
proposed reservoir would enter the Black Warrior River downstream of Bankhead Lake, 
downstream of the confluence of the Mulberry Fork and the Locust Fork. The combination 
of large hydrologic inputs and the intervening reservoir would preclude any cumulative 
impacts to hydrology and water quality from the proposed Duck River and Tom Bevill 
reservoirs. 

In total, the proposed Duck River reservoir would impound less than 0.02 percent of the 
land in the upper portion of the Black Warrior River basin.  Given the de minimus footprint 
of the project, no significant cumulative impacts on non-aquatic resources would be likely to 
occur.   
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1.0 Introduction and Background 

1.1 Project Overview 
In the early 1970’s, the Cullman County Commission recognized the need to increase the 
future water supply available in Cullman County and the surrounding region. It 
commissioned a study, which was completed in 1978 by Lucas and Carr, Engineers, Inc., 
and later updated in 1983, to identify a means of augmenting the region’s water supply. The 
Lucas and Carr study identified four potential sites for such water supply augmentation, 
one of which was Cullman County’s Duck River.  

Spurred by the Lucas and Carr study, Cullman County began working with the City of 
Cullman to acquire the funding necessary to further develop, investigate, and evaluate that 
study’s findings. To that end, the City of Cullman obtained a $5 million grant from the 
federal Appalachian Regional Commission (ARC) to fund and implement such additional 
follow-on studies in coordination with Cullman County and a number of independent 
water systems within the region. To effect such coordination on a regional basis, the 
Cullman-Morgan Water District (CMWD) was formed to oversee the ARC-funded studies, 
to evaluate their conclusions and recommendations, to advise its members (the City of 
Cullman, Cullman County, and a collection of independent water systems) accordingly, 
and, as appropriate, to implement the chosen recommendations as a coordinated effort for 
its members’ benefit. 

Accordingly, at the behest of CMWD, the U.S. Army Corps of Engineers’ (Corps) Nashville 
District, Lockwood Greene Technologies, and Almon & Associates conducted a 
comprehensive pair of studies to further investigate potential additional sources of water 
supply in the region. Those studies, which were completed in 1994 and 1995, examined 15 
different water supply alternatives and, in the 1995 study, forecast that the region’s water 
needs would eventually exceed the existing water supply. Upon detailed review of the 
multiple alternatives identified by those studies and the recommendations provided therein, 
the CMWD recommended that the City of Cullman impound a section of the Duck River to 
create a 640-acre reservoir that would provide up to 32 million gallons per day (mgd) of safe 
yield as a back-up supply to complement the existing Lake Catoma reservoir. The proposed 
reservoir would be located within the Duck River sub-watershed of the Mulberry Fork 
watershed, one of five watersheds within the Black Warrior River basin.  

After additional review, the CMWD determined that the construction of such a reservoir 
was the preferred alternative. The CMWD and the City of Cullman applied to the Corps for 
a permit to construct the reservoir on March 22, 1996. In order to issue a federal permit, the 
Corps is required to conduct an environmental impact analysis mandated by the federal 
National Environmental Policy Act (NEPA). That detailed analysis, conducted in 
coordination with the CMWD and the City of Cullman as joint applicants, took place over 
the course of the next 4 years. On February 1, 2000, following completion of an 
Environmental Assessment (EA) and the issuance of a Finding of No Significant Impact 
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(FONSI), the Corps issued the Section 404 permit (AL96-00912-U) necessary to construct the 
reservoir.  

On April 10, 2000, the American Canoe Association, Inc., Alabama Rivers Alliance, Friends 
of the Mulberry Fork, and Wild Alabama filed a lawsuit challenging the Corps’ issuance of 
the Section 404 permit, alleging violations of NEPA. On August 15, 2003, the United States 
District Court for the Northern District of Alabama (N.D. Ala.), in American Canoe 
Association v. White, 277 F.Supp.2d 1244 (N.D. Ala. 2003), vacated the Corps permit. 
Although the Court agreed that a need for the reservoir actually exists, it determined that 
the Corps had failed to adequately comply with the requirements of NEPA. While 
supporting the Corps on a number of the issues, in addition to the need for the project, the 
Court determined in its Memorandum Opinion (Appendix A) that the EA and FONSI were 
deficient in three specific areas: (i) analysis of water quality in the proposed reservoir; (ii) 
analysis of the proposed reservoir’s downstream effects on the Duck River and the 
Mulberry Fork; and (iii) analysis of the cumulative effects of the proposed reservoir and 
other potential reservoirs on the environment. 

During the 3-year period between the issuance of the Section 404 permit and the Court’s 
decision, Cullman County experienced drought conditions. Consequently, as an interim 
measure to provide additional water supply, the Corps authorized the Cullman Utilities 
Board to raise the spillway of Lake Catoma, its only current source of water supply, by 
2 feet. The construction of that project was authorized by the Corps and was completed in 
November 2000. While that project underscored the need for additional water supplies in 
Cullman County, the additional capacity is not sufficient to meet the future water needs of 
CMWD.  

1.2 Summary of Court Ruling 
The Court ruled that the Corps adequately addressed the need for additional water supply, 
but questioned or found deficiencies in three areas of the EA, as noted above.  

Each of these concerns is summarized below to clarify the technical issues to be addressed in 
this Supplement to the EA. 

1.2.1 Future Water Quality in the Proposed Water Supply Reservoir 
The Corps completed a water quality model for the proposed Duck River reservoir and used 
those results to evaluate future potential water quality conditions in the reservoir based on 
existing land use practices in the watershed. Results of the water quality modeling 
discussed in the EA indicated that then-present nutrient loadings would have to be reduced 
by up to 60 percent to achieve and maintain water quality characteristics of nearby lakes of 
acceptable water quality. The Court questioned the Corps’ assumption regarding projected 
future water quality improvements. It noted that “the problem for this court is that the 
Corps issued a FONSI based on the assumption that the watershed management plan will 
reduce nutrient loadings in the proposed reservoir by 60 percent. The current record does 
not support the Corps’ assumption that the current nutrient loadings will be reduced by any 
percentage, particularly because the stated goal of the project is to provide potable water for 
a growing poultry industry – the very source of the pollution at issue.” (American Canoe 
Association v. White, 277 F. Supp. 2d at 1262). The Court concluded that the Corps had failed 
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to thoroughly evaluate the pertinent water quality issues, had erroneously and improperly 
assumed that 60 percent nutrient reductions were feasible, and, in the end, had failed to 
make a convincing case that nonpoint source pollution would not cause adverse impacts to 
water quality in the proposed reservoir. In light of these shortcomings, the Court concluded 
that the Corps could not justify issuance of the FONSI. 

1.2.2 Effect of the Water Supply Reservoir on Mulberry Fork 
The Court found that the Corps had taken a hard look at the downstream effects of the 
proposed dam on the 11 miles of the Duck River below the proposed reservoir: 
“Specifically, the permit contains mandatory downstream releases that were recommended 
by the Alabama Department of Conservation and Natural Resources. The inclusion of these 
releases, as well as the fisheries, aquatic habitat, and low flow studies that were conducted 
on the Duck River, evidences a hard look at the effect of the dam on the Duck River.” 
(American Canoe Association v. White, 277 F. Supp. 2d at 1263-1264). However, the Court 
questioned the Corps’ failure to “conduct any investigation of the effects the proposed dam 
will have on the Mulberry Fork….” Although the EA included an analysis of the 
downstream effects below the proposed water supply reservoir (11 miles of the Duck River 
and 4 miles of the Mulberry Fork), the Court referenced a statement in the administrative 
record by the Corps’ project manager that the Corps failed to sufficiently consider the 
impacts of the proposed reservoir on the Mulberry Fork and directed that further analysis 
be undertaken. 

1.2.3 Cumulative Impacts 
The Code of Federal Regulations (C.F.R.) defines "cumulative impact" as the “impact on the 
environment which results from the incremental impact of the action when added to other 
past, present, or reasonably foreseeable future actions regardless of what agency (Federal or 
non-Federal) or person undertakes such other actions. Cumulative impacts can result from 
individually minor but collectively significant activities taking place over a period of time.” 
40 C.F.R. § 1508.7. 

In its opinion, the Court noted it has “concerns about whether the Corps took a hard look at 
the cumulative impacts of the project. The most logical cumulative impact for the Duck 
River project would come from the proposed Birmingham Water Works and Sewer Board 
(BWWSB) reservoir on the Locust Fork, as this proposed reservoir is located within the 
Black Warrior River basin and is only 30 miles from the proposed reservoir on the Duck 
River.” (American Canoe Association v. White, 277 F. Supp. 2d 1244, 1257 (N.D. Ala. 2003)) The 
Court was specifically concerned that the Corps had assumptively concluded that the 
BWWSB Locust Fork project would not be built for at least 10 years and, therefore, did not 
need to be considered in the Duck River analysis. 

1.3 Purpose of the Supplement to the Environmental 
Assessment 

The Corps has carefully reviewed the American Canoe Association opinion, which identified 
specific areas in which the Corps failed to take a sufficiently hard look at the environmental 
consequences of the proposed action. Three issues identified by the Court (and outlined 
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above) required further investigation and analysis, which have been undertaken by the 
Corps. This Supplement to the EA documents those efforts and provides further 
examination and analysis of the specific issues raised in the Court opinion. All other 
information in the EA related to the assessment of impacts associated with the proposed 
Duck River reservoir is incorporated herein by reference. 

1.4 Area of Analysis 
The proposed project is located in the Duck River sub-watershed (Hydrologic Unit Code 
[HUC] 03160109-020) of the Mulberry Fork watershed (HUC 03160109) (Figure 1). The 
Mulberry Fork watershed, along with the Sipsey Fork (HUC 03160110), Locust Fork (HUC 
03160111), Upper Black Warrior River (HUC 03160112), and Lower Black Warrior River 
(HUC 03160113) watersheds, lies within the Black Warrior River basin.  The Black Warrior 
River basin is a component of the larger Mobile-Tombigbee basin (Subregion 0316), forming 
the eastern portion of the Tombigbee-Black Warrior Accounting Unit (031601).  

The area of analysis, or project impact zone, in this document was determined through a 
series of meetings among the Corps, the applicants, and other resource agencies, such as the 
U.S. Fish and Wildlife Service (FWS). These meetings determined that the appropriate area 
of analysis would consist of the watersheds located in the upper reaches of the Black 
Warrior River basin: the Mulberry Fork watershed, including the Duck River sub-
watershed, and the Sipsey Fork watershed. For consistency, this two-watershed area is 
referred to as the “Upper Black Warrior headwaters basin” in this Supplement. 

The remainder of the Black Warrior River basin (Locust Fork, Upper Black Warrior River, 
and Lower Black Warrior River) was not considered within the area of analysis because: 

• For the Locust Fork watershed, Bankhead Lake provides a barrier for interaction 
between the Black Locust watershed and the Mulberry Fork watershed. Bankhead Lake 
inundates the confluence of the Mulberry Fork and Locust Fork.  

• For the Upper Black Warrior River watershed and Lower Black Warrior River 
watershed, the geographic and hydrologic disconnection (resulting from distance, 
intervening reservoirs, and additional hydrologic inputs) of those lower basin 
watersheds from the Upper Black Warrior headwaters basin precludes the possibility of 
meaningful impacts. 

• For the remainder of the Mobile-Tombigbee basin subregion, spatial separation, 
intervening reservoirs, and additional hydrologic inputs preclude the possibility of 
meaningful impacts. 

However, based on the Court’s explicit concerns in American Canoe Association v. White, the 
area of analysis was expanded to consider potential interaction of the proposed Duck River 
reservoir with two proposed reservoir projects outside the Upper Black Warrior headwaters 
basin. Specifically, the cumulative impacts analysis included consideration of potential 
interaction with the Tom Bevill reservoir, proposed for construction in the North River sub-
watershed of the Upper Black Warrior River watershed, and the BWWSB reservoir 
proposed for construction in the Locust Fork watershed (Figure 1).This expanded area of 
analysis for cumulative impacts is referred to as the upper portion of the Black Warrior 
River watershed. 
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The temporal limit for consideration in this analysis is the year 2025. While there is a degree 
of uncertainty associated with a 20-year forecast, extending the analysis beyond that period 
in an effort to consider additional potential cumulative impacts would be speculation rather 
than forecasting. As with the determination of the spatial limits of analysis, discussions with 
relevant resource agencies contributed to selection of the 20-year period of analysis.  
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2.0 Water Quality 

2.1 Introduction 
The water quality evaluation included in the EA addressed the potential impacts of the 
project on downstream water quality conditions in the Duck River, specifically the role in 
nutrient loading and trophic status of the proposed Duck River reservoir and the potential 
future water quality conditions in the proposed reservoir. Water quality modeling for the 
reservoir indicated that a 60 percent reduction in total phosphorus (TP) export (loading) 
from the Duck River sub-watershed relative to the 1999 baseline loading condition is needed 
to obtain the desired water quality and trophic status in the proposed reservoir. As noted in 
Section 1 of this Supplement, the Court questioned whether the necessary reduction in TP 
loading could realistically be achieved considering the agricultural land use in the 
watershed, particularly the large concentration of poultry production facilities, and thus 
questioned the FONSI issued by the Corps. In response, additional analyses were conducted 
to address this specific concern. The results of those analyses are presented in this 
Supplement. 

TP was selected as the nutrient of concern in the initial modeling because the data indicate 
that phosphorus is the limiting nutrient that controls algal growth (eutrophication) in this 
sub-watershed. Eutrophied water bodies exhibit an elevated nutrient status that leads to 
increased algal production and standing crop, decreased water clarity, and reduced 
dissolved oxygen concentrations. Total nitrogen (TN) was also of interest because water 
quality monitoring (TTL, 1999) indicated that TN values were elevated. However, nitrogen 
is more than 30 times as abundant as phosphorus in Duck River waters and nitrogen would 
not become a limiting nutrient for algae until this ratio is less than 10 (Appendix B; Chapra, 
1997; Kramer, 1972; Sharpley et al., 1994). Initial results from water quality model 
(BATHTUB) runs were insensitive to the TN load and supported the decision to retain TP as 
the modeled nutrient. Consequently, TN is not further considered in this analysis.  

Analyses reported in this section indicate that the required reduction in TP can be achieved, 
but that such reduction would require a rigorous, comprehensive, and integrated watershed 
management approach, such as that currently being undertaken in the Duck River sub-
watershed, particularly with regard to animal feeding operations (AFOs) and confined 
animal feeding operations (CAFOs). An operation is defined by Clean Water Act (CWA) 
regulations as an AFO if animals are confined for at least 45 days in a 12-month period and 
there is no vegetation in the confined area during a typical growing season. This same AFO 
is considered to be a CAFO if a man-made pipe or ditch transports wastewater from the 
operation to a body of surface water or water runs through the confined area and is in 
contact with the animals (Appendix C). This comprehensive watershed management 
approach calls for full implementation of best management practices (BMPs) on all AFOs 
and CAFOs within the watershed, aggressive implementation of erosion control measures, 
and monitoring and contingency actions to ensure that the TP reduction goal is achieved. 
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Technical details in support of the additional analyses are provided in Appendices B 
through F. 

This section provides: 

• A re-evaluation of the original water quality modeling to determine whether a 
60 percent reduction in TP loading in the Duck River sub-watershed is needed, whether 
this reduction can be achieved, and whether this reduction would be sufficient to 
prevent eutrophication of the reservoir (Section 2.2).  

• Discussion of ongoing activities within the sub-watershed to reduce nutrient loading 
and erosion in the Duck River watershed (Section 2.3). 

• A summary of the adaptive watershed management measures that are being 
implemented by CMWD (Section 2.4). 

• A summary of the compliance and enforcement measures that are available to ensure 
implementation of the recommendations (Section 2.5). 

2.2 Verification of the Original Water Quality Modeling and 
Predicted Trophic Status 

Original water quality modeling for the EA was done by the U. S. Army Corps of Engineers, 
Engineer Research and Development Center (ERDC) in Vicksburg, Mississippi. That 
original modeling has been re-evaluated by ERDC for this Supplement to the EA. 
Additional water quality data that became available since the original modeling were 
incorporated into these new model runs to refine the earlier predictions. The results 
confirmed the earlier finding that a 60 percent reduction in TP loading is needed to achieve 
the desired trophic status in the proposed Duck River reservoir. These results are 
summarized in Appendix B. 

At the time the EA was prepared in 1999, there was concern that the proposed Duck River 
reservoir was likely to become eutrophic. Such changes could result from excessive nutrient 
loading associated with land application of litter from poultry production within the 
watershed. BATHTUB was applied by ERDC (Ashby and Kennedy, 1999) to evaluate the 
potential effects of existing nutrient loads in the Duck River on proposed reservoir water 
quality and trophic status. This is a well-established and accepted approach to evaluation of 
lake trophic status (Dillon and Rigler, 1975; Vollenweider, 1968). The original modeling 
runs, input data, and underlying assumptions were reviewed to determine whether 
refinements in model predictions could be made, particularly in light of more recent data. 
Details of this evaluation are included in Appendix B, and the general results are discussed 
below.  

The review confirmed that the water quality data originally used in the BATHTUB model 
were appropriate (TTL, 1999). However, it was also determined that the BATHTUB model 
output could more closely reflect actual conditions by including a coefficient of variation 
(CV) to account for uncertainties in the potential nutrient loading to the proposed Duck 
River reservoir (both internal and external) (Appendix B).  
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To provide updated input for the BATHTUB model, a detailed statistical analysis of the 
available water quality data was completed and summarized in CH2M HILL’s Technical 
Memorandum No. 3 dated July 2, 2004 (Appendix B). This included a review of the water 
quality sampling conducted for the EA (TTL, 1999) and available water quality data from 
the Alabama Department of Environmental Management (ADEM). The TP and TN 
concentrations shown in Table 1 reflect conditions in 1999. They were combined with flow 
data to compute the flow-weighted average annual TN and TP loadings that were defined 
as the “baseline condition” for the BATHTUB modeling scenarios. Thus, the 1999 baseline 
conditions do not take into account watershed management measures that have been 
implemented and subsequent water quality improvements since the EA was prepared. 
These management measures are discussed in following sections. 

TABLE 1 
Revised Nutrient Concentrations for Year 1999 in Duck River Used for 
Baseline Condition Input to BATHTUB Model 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Statistics TP (mg/L) TN (mg/L) 
Mean  0.054 3.04 
Coefficient of Variation 0.32 0.52 

mg/L = milligrams per liter 

The revised input nutrient concentrations in Table 1 were used to re-run the BATHTUB 
model. Results confirm that, based on the land use and associated TP loadings from the 
watershed in the baseline year of 1999, eutrophication is likely to occur in the proposed 
Duck River reservoir unless adequate preventative measures are taken (Appendix B). For 
example, at a reservoir pool elevation of 720 ft above mean sea level (msl) and a flow of 50 
cubic feet per second (cfs) in the Duck River (average runoff conditions), the Carlson trophic 
status indices (mean TP, chlorophyll a, and secchi depth [water clarity]) predicted by the 
model for the baseline conditions suggest the reservoir would exist somewhere between a 
mesotrophic and eutrophic status (Chapra and Tarapchak, 1976) (Appendix B). Model 
results further indicate that to achieve a mesotrophic status similar to that of other 
reservoirs in the Southeast, a 60 percent reduction in the TP loading to the proposed 
reservoir would be needed relative to the baseline scenario. The baseline annual TP loading 
was 5,500 pounds per year (lbs/yr) (Appendix B), so a 60 percent reduction would mean the 
removal of 3,300 lbs TP/yr to reduce the desired TP annual loading to 2,200 lbs/yr and 
maintain the desired mesotrophic status. 

2.3 Potential for Comprehensive Watershed Management to 
Achieve Required Phosphorus Reductions and Desirable 
Trophic Status 

The potential for watershed management actions to achieve the required 60 percent 
reduction in TP loading to the proposed Duck River reservoir was evaluated using several 
approaches. The premise for this type of evaluation is that if different approaches with 

P:\CULLMANALUTILITIESBO\314526\TMS\DRAFT SUP EA\FINAL REVISED DRAFT\FINAL REVISED DRAFT EA 06_07_05.DOC 2-3 



DRAFT SUPPLEMENT TO THE ENVIRONMENTAL ASSESSMENT, WATER SUPPLY PROJECT, DUCK RIVER RESERVOIR, CULLMAN, ALABAMA 

differing assumptions produce similar conclusions, then the conclusions are likely more 
robust (i.e., are not an artifact of the specific assumptions in an individual approach). This 
re-evaluation addressed two facets of nutrient management in the watershed: control of 
excessive TP loss from AFOs/CAFOs and erosion control on agricultural land, mainly 
cropland, to reduce TP transported to the proposed Duck River reservoir via sediment yield 
from the watershed. 

To achieve the required reduction of TP loading to the proposed reservoir from the Duck 
River sub-watershed, three potential sources of excessive TP loading must be addressed: (1) 
AFOs/CAFOs, (2) soil erosion-derived sediment yield from agricultural land (cropland and 
pastureland), and (3) contributions from urban and other sources, such as septic systems 
and urban/suburban runoff (Figure 2). Within the Duck River sub-watershed, contributions 
from urban and other sources are not considered significant sources of TP to the watershed 
and were not evaluated further in this analysis. The following analysis is focused on the 
primary sources of TP in the watershed, namely Sources 1 and 2. 

The existing data include estimates of nutrients generated by AFOs, based on Census of 
Agriculture data, and information on soil erosion rates and associated nutrient export from 
various land use types. Sources 1 and 2 contribute about 90 percent of the TP loading from 
the watershed to the proposed reservoir (Figure 2). These two sources are amenable to 
control with agricultural BMPs. Thus, AFO-generated nutrient loadings and TP losses from 
soil erosion on agricultural land, in particular erosion from cropland, should be the focus of 
management action and the subject of additional analyses. In these analyses, separate 
contributions from these sources would be estimated, the potential for reduction by 
application of BMPs and other land management practices would be evaluated, and 
potential TP reductions from each source would be combined to assess the potential to 
achieve the desired TP load reductions (relative to the baseline conditions). The analyses 
show that addressing AFOs, erosion from cropland, and streambank and streambed erosion 
would likely achieve the desired TP load reduction absent any efforts directed at Source 3.  
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2.3.1 General Methodology 
Ideally, BMP implementation and effectiveness monitoring, coupled with traditional water 
quality monitoring in the watershed, would be used to project the probable effect of BMPs 
on nutrient loading to the proposed Duck River reservoir (MacDonald et al., 1991). Because 
of the recent implementation of BMPs in the Duck River sub-watershed, sufficient site-
specific data are not available. Therefore, estimates of the nutrient status and nutrient trans-
port potential in the Duck River sub-watershed were made using information from the 
scientific and resource assessment literature. Estimates were then prepared by (1) calcula-
tion of the amount of TP derived from AFOs and soil erosion that could be transported to 
the proposed reservoir and (2) assessment of the ability of source reduction BMPs applied to 
AFOs and erosion control on cropland to reduce the TP loading to the proposed reservoir 
and positively impact the trophic status.  

2.3.2 AFO-Derived TP Load Reduction Analysis 
The Duck River sub-watershed above the proposed reservoir and sub-basins within the 
watershed were delineated via GIS with the aid of digital elevation models (DEMs) and 
hydrography and are shown in Figure 3. This step enabled application of the critical source 
area (CSA) concept of Gburek and Sharpley (1998) to evaluate areas of the watershed that 
would likely contribute excessive TP to the stream network and hence contribute directly to 
proposed Duck River reservoir TP loads.  

CSAs as defined by Gburek and Sharpley (1998) consist of variable source areas (VSAs) of 
the watershed that coincide spatially with excessive nutrient levels in the watershed. The 
VSAs are those areas of the landscape, typically along stream networks and drainageways 
adjacent to the stream network, that become saturated readily during rainfall and contribute 
most to surface runoff (Betson, 1964; Ward, 1984). Excessive levels of nutrients such as TP in 
these VSAs create CSAs, those areas of the watershed with the highest probability of 
transporting excess TP to surface water.  

Actual delivery of phosphorus depends on the land slope, soil type, tillage method, other 
land management actions, and vegetative cover. However, in a given situation, proximity to 
the stream is the primary prerequisite for delivery. Typically, less than 10 percent of the area 
within a watershed contributes 90 percent of the phosphorus exported (Daniel et al., 1994; 
Sharpley et al., 1994; Wall et al., 1978).  

To identify VSAs in the Duck River sub-watershed, a zone 30 meters out from either side of 
the stream network was delineated by the buffering function in GIS. Table 2 shows the areal 
extent of the VSAs in relation to the watershed sub-basin areas; the areas are shown 
graphically in Figure 3 as the light yellow region adjacent to the stream network.  

The following sections provide the results of an analysis of the reduction in TP loading that 
could be achieved through implementation of BMPs on AFOs and CAFOs. Three different 
methods were used to assess TP reductions that could occur on AFOs and CAFOs, and these 
methods are discussed separately below.  
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TABLE 2 
Drainage Areas and Estimated Variable Source Areas (VSAs) in Each Sub-basin of the Watershed of Proposed Duck River 
Reservoir 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Sub-basin designator Sub-basin area (acres) Variable source area (acres) 

A 1766 95 

B 2790 166 

C 2546 87 

D 1966 132 

E 4024 177 

F 1977 124 

G 2363 83 

H 1172 78 

I 1977 77 

J 858 78 

K 2113 111 

VSAs on Duck River main stem not 
included in sub-basins A-K 

N/A 297 

Total 23552 1505 

Note: Sub-basins are identified by letter on Figure 3 

2.3.2.1 METHOD 1 
Excessive nutrient levels in the Duck River sub-watershed from AFO sources were 
estimated using the following assumptions:  

• USDA Census of Agriculture data (NASS, 2002) reflect the degree of animal operations 
at the county level with reasonable accuracy.  

• The crop uptake (assimilative capacity) of TP in Cullman County has been established as 
45 lbs/acre/yr (Natural Resources Conservation Service [NRCS], 2000). The annual 
mass of TP in poultry litter in Cullman County that is applied in excess of this 
assimilative capacity represents the amount of TP potentially available for stream 
transport, hereafter referred to as “excess TP rate” (based on Census of Agriculture 
estimates of poultry population and waste generation in Cullman County, as reported in 
NASS, 2002; NRCS, 1992).  

• The excess TP rate within the proposed reservoir watershed and in the VSAs (Figure 3, 
Table 2) is the same as for the county as a whole (NRCS, 2000). 

• Only the excess TP from poultry waste applied within the VSA would be subject to 
transport, making areas adjoining the stream network CSAs in the watershed (Betson, 
1964; Ward, 1984; Gburek and Sharpley, 1998; Gburek et al., 2000) (Figure 3). 
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• The fraction of the excess TP rate actually transported to the stream network from the 
CSAs is about 2 percent. 

The 2 percent value for TP transfer rate is based on best professional judgment, examination 
of the Duck River sub-watershed data, and literature values. This percentage can be 
estimated in several ways: (1) an extreme upper value can be calculated by assuming that 
the entire mass of TP exported to the Duck River is derived from excess TP application in 
the CSAs. Because the annual TP load in the river itself is 5,500 lbs/yr, and the estimate of 
excess TP annual load in the VSAs is 68,000 lbs (1,505 acres x 45 lbs TP/acre/yr), the amount 
observed to be exported is 8 percent of the applied amount. This extreme upper limit can be 
refined by considering that about 3,000 to 4,000 lbs/yr of the phosphorus observed in the 
stream (see Table 3) can be attributed to erosion of soil, streambanks, and streambeds. This 
leaves about 1,500-2,500 lbs/year in the stream that could be attributable to excess TP 
application in the CSAs if no other sources existed. This amount is between 2 percent and 
4 percent of the 68,000 lbs applied. This revised upper limit is consistent with the literature. 
TP from animal waste can be reduced by more than 95 percent within a 30-meter buffer strip 
(McDowell and Sharpley, 2002) and annual stream transport is about 0.1 – 0.2 percent of the 
soil TP mass/unit area in the top 15 cm of soil (Steegen et al., 2001; Vithiyanathan and 
Correll, 1992), or about 0.09 percent of the amount of TP added to the soil via commercial 
fertilizers and animal waste (McClellan et al., 1989). 

TABLE 3 
Sheet and Rill Erosion and Resultant Phosphorus Load to Proposed Reservoir under Three 
Scenarios of Watershed Management 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Soil Erosion 
Rate 

(tons/ac/yr) 

Sediment Yield 
(ton/ac/yr) from 

equation 3 

TP Loss 
Rate 

(lbs/ac/yr) 
Cropland 
Acreage 

Expected 
TP Load 
(lbs/yr) 

Reduction in TP 
Load Achieved 

(lbs/yr) 

8.0a  0.72 – 1.04 1.44 – 2.08 2,000 2900 - 4000 NA 

5.0 b  0.45 – 0.65 0.90 – 1.30 2,000 1800 – 2600 1100 - 1400 

3.0 c 0.27 – 0.39 0.54 – 0.78 2,000 1000 - 1600 1900 - 2400 

Notes: 
a = Current erosion rate.  
b = Erosion rate after implementation of NRCS recommended BMPs to reach soil loss 
tolerance value. 
c = Erosion rate with maximum conservation, including conversion of cropland to pasture. 

The sediment delivery ratio (SDR) is assumed to range from 0.09 (large watershed) to 0.13 
(small watershed) and is multiplied by the Soil Erosion Rate to calculate Sediment Yield. TP 
loss rate is calculated as 0.1% of the Sediment Yield. Note that the units shift from tons to 
pounds in moving from sediment yield to TP loss rate. 

 

A further check of consistency is provided by dividing the observed watershed export 
coefficient for phosphorus (i.e., 0.27 pound per acre per year [lbs/ac/yr]) (see Table 3) by 
the excess TP rate (i.e., 45 lbs/acre/year [NASS, 2002]). The result, 0.6 percent, again 
suggests that export from the CSAs is less than 2 percent. Therefore, calculations based on 
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this percentage should be a reasonable upper limit to the amount of TP in the Duck River 
that could be removed by full implementation of AFO BMPs that eliminate 100 percent of 
the excess phosphorus applications in the CSAs. 

Calculations: 

fracARPTTP aterloadafo ∗∗=_  (equation 1). 
 
TPafo_load = Amount of potential proposed reservoir TP load that can be controlled by 
source reduction BMPs that meet ADEM guidelines of no nutrient loss from AFOs 
(lbs). 
 
AR = Land area (acres) in the VSA, 1,505 acres, derived from GIS coverages (see 
Figure 3 and Table 2). 

TPrate = Excess TP rate (lbs/acre/yr) applied in the VSA, 45 lbs/yr (NRCS, 2000). 
 
frac = Fraction of applied excess TP (2 percent) that is transported to the stream, 
based on the upper limit estimated above. 

 
If it is assumed that AFO BMP implementation under ADEM guidelines would completely 
eliminate TP from this source, then a maximum TP load reduction (TPafo_load) of 1,355 lbs/yr 
to the proposed reservoir may be achieved. However, studies have shown that a 69 percent 
reduction (vs. 100 percent) is achievable (ADEM 319 Study) in this watershed, and this 
efficiency implies that 940 lbs of TP can be removed by this management action. Reductions 
between 940 and 1,355 lbs/yr are between 17 and 25 percent of the 5,500 lbs/yr baseline 
load of TP to the proposed reservoir and represent between 25 and 40 percent of the needed 
TP load reduction of 3,300 lb. This suggests that BMPs on poultry operations can contribute 
significantly to reductions in the TP load to the proposed reservoir. 

2.3.2.2 METHOD 2 
A second method was used to estimate AFO contributions and potential for BMPs to control 
AFO-derived phosphorus inputs. This approach is the same as above except that instead of 
using Census of Agriculture data (NASS, 2002; NRCS, 2000) to estimate TP from poultry 
production in the watershed, locally derived data were used; these data indicate that a 
substantial portion of the TP produced within the Duck River sub-watershed by AFOs is 
transported out of the drainage. These data show that only about 33 lbs TP/acre/yr are land 
applied within the watershed vs. the 45 lbs/acre/yr in the NASS data. This means an 
estimated excess TP rate of about 18 lbs/acre, based on the same ratio of TP assimilative 
capacity to TP production as shown in the NRCS (2000) report. If this smaller value is used 
in the calculations (18 lbs/acre x 1,505 acres x 2 percent), it suggests that about 540 lbs 
(16 percent of the required phosphorus reduction) can be removed by eliminating 
application of excess TP derived from AFOs in the CSAs.  

2.3.2.3 METHOD 3 

In this method, a whole-watershed approach was used to estimate excess TP loading from 
the watershed that may be attributed to AFOs. In this approach, the current TP load from 
the watershed, estimated at 4,846 lbs/year from 16,000 acres of agricultural land, or 
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0.30 lbs/acre/year (see Technical Memorandum No. 3, Appendix B), is compared to 
literature values for undisturbed pasture. Values reported for “typical” pasture are about 
0.27 lbs/acre/yr (see Technical Memorandum No. 3, Appendix B). The difference (0.03 lb TP 
/acre/yr x 16,000 acres) suggests that about 500 lbs/yr of phosphorus are “above 
expectation” for typical pasture and may thus be attributed to AFO influences. This result is 
similar to the 540 lbs estimated in the previous calculation and can be viewed as a lower 
limit on the fraction of phosphorus that can be controlled by management of AFOs. 

Based on these three analyses, it is estimated that the TP load reduction achievable by 
proper nutrient management and other BMPs on AFOs may account for 500 to 1,300 lbs 
TP/yr, or up to approximately 40 percent, of the needed 3,300 lbs/yr reduction. 

2.3.3 Erosion-Derived TP Load Reduction Analysis 
Because modeling indicated that nutrient management and other BMPs on AFOs would be 
unlikely to achieve more than 40 percent of the desired reduction in TP loading from the 
watershed, the potential benefits from management of other agricultural lands were also 
estimated. No Duck River sub-watershed data exist to directly evaluate the potential for 
BMPs on cropland and pastureland to reduce phosphorus export into the proposed 
reservoir. However, a substantial volume of literature addresses this issue in general and 
can be used to estimate broadly the likely or reasonable effect of such BMPs in the Duck 
River sub-watershed. 

The soil loss tolerance value is the average annual soil erosion rate that the soil is able to 
sustain without reduction in productivity or major degradation as a result of sheet and rill 
soil erosion by water (Wischmeier and Smith, 1978). The 1997 year was used as the baseline 
for the erosion calculations as it was the only year with National Resources Inventory 
erosion data that approximated the 1999 year used for the model baseline (NRCS, 2000). For 
the Duck River sub-watershed, the soil loss tolerance value was determined to be 5 
tons/ac/yr.  

Using guidance developed under the USEPA 319 program (MDEQ, 1999), and average 
annual soil erosion rates of 8 tons/acre/yr on cropland for 1997 in the Major Land Resource 
Region where Cullman County is located (NRCS, 2000; USDA-SCS, 1981), ERDC staff 
calculated TP load from this baseline erosion rate and reductions that are likely to be 
achieved from two alternative erosion reduction scenarios: control to an average annual soil 
loss rate equivalent to the soil loss tolerance value of 5 tons/ac/yr, and more aggressive 
control to an average annual soil loss rate of 3 tons/ac/yr) on cropland in the proposed 
reservoir watershed (Table 3). Pastureland typically erodes at < 1 ton/acre/year and is not 
considered a significant source of the sediment yield in the Duck River sub-watershed; it is 
therefore excluded in this analysis.  

To calculate the amount of sediment that exits from a watershed based on field erosion 
rates, it is necessary to adjust or convert the erosion rates to delivery rates (amount exiting 
the watershed). This generally is an adjustment for the size of the watershed and is done 
empirically using SDR. In these analyses, upper and lower limits for SDR were estimated 
from two equations. An equation from Atwood et al. (1997) derived from NRCS (1983) for 
watersheds of significant size (equation 2a) was used to calculate a lower value (0.09) for the 
SDR: 
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  (equation 2a). 2237.0267.0 −∗= DASDR
 
Where: 
  SDR = Sediment delivery ratio. 
  DA=Drainage area of the watershed in km2 (95.3 km2).  
  
An equation from NRCS (1983b) for small watersheds was used to calculate an upper value 
(0.13) for the SDR. 
 

  (equation 2b). 135.042.01271.0 −∗+−= DASDR
 
Where: 
  SDR = Sediment delivery ratio. 
  DA=Drainage area of the watershed in mile2 (36.8 mi2).  
 
Next, the equation of Renfro (1975) was used to estimate sediment yield for the watershed: 
 
  (equation 3). SDRAy ∗=
Where: 

 y = Sediment yield (Tons/acre/yr). 
A = Soil erosion rate on cropland (tons/acre/yr) taken from NRCS, (2000).* 
SDR = Sediment delivery ratio (0.09 to 0.13).  

 
The TP content of the sediment was estimated at about 0.001 lbs/lb from literature values 
(Owens and Walling, 2002; DeWolfe et al., 2004) and the TP loss rate (lbs/acre/yr) from 
sheet and rill erosion in each scenario was then calculated as the product of sediment yield 
and phosphorus content (TP Loss Rate, Table 3). This was cross-checked by using the 
sediment yields obtained with equation 3 to extract TP loss rates from Figure 5 of MDEQ 
(1999) and the clay size fraction. The MDEQ (1999) method yields a result consistent with an 
SDR of about 0.1. Finally, the expected TP load for each erosion scenario was computed by 
multiplying the respective TP loss rate (lbs/acre/year) by the cropland acreage (2,000 acres, 
Technical Memorandum No. 3, Appendix B) in the proposed Duck River reservoir 
watershed. 

The analysis shows that tillage and other management practices that reduce sheet and rill 
erosion to 5 tons/acre/year would reduce TP loading by 1,100 to 1,400 lbs/yr and achieve 
from 30 percent to 40 percent of the needed 3,300 lbs/yr reduction in TP load. However, 
more aggressive measures aimed at reaching average soil erosion rates of 3 tons/ac/yr can 
achieve TP load reductions on the order of 2,000 lbs/year, or about 60 percent to 70 percent 
of the needed reduction of 3,300 lbs/yr (Table 3). 

It is probable that a significant contribution of the sediment and phosphorus load to the 
proposed reservoir is derived from erosion of streambank and bed material in the Duck 
River.  Data to evaluate this source are not available, and the river’s contributions of 
phosphorus can be extremely variable. To some extent, the SDR in equation 3 adjusts 
empirically for the effects of bed and bank erosion; the analyses conducted for this 
Supplement do not explicitly account for this process. However, it is useful to note that 
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DeWolfe et al. (2004) found in Vermont streams of about the same size as those in the Duck 
River sub-watershed that TP loads due to streambank erosion ranged from 0.01 to 
0.84 kilograms per meter (kg/m), with an average of 0.22 kg/m. For the 50-km length of the 
Duck River and its tributaries within the watershed of the proposed reservoir, the lowest 
value reported by DeWolfe et al. (2004) would represent about 1,000 lbs/yr of TP from the 
watershed of the proposed reservoir. This is of the same magnitude as the AFO contribution 
of TP estimated in this analysis, and it is likely that this could be reduced substantially by 
stream stabilization measures, which that must be part of any integrated management plan 
for this watershed. 

2.3.4 Evaluation of Potential Nutrient Removals from Integrated Watershed 
Management 

To estimate the overall effect on TP loads of integrated BMPs aimed at comprehensive 
nutrient management on agricultural land in the Duck River sub-watershed, the results 
from the analyses for AFOs and cropland erosion were combined. Further, the likely 
maximum effect of combined management actions at the watershed level was cross-
checked by comparing the current TP load from the watershed to a TP load that would be 
typical of undisturbed watersheds. Comparing the current export coefficient (0.27 lb 
TP/acre/year) to a typical woodland value (0.10 lb TP/acre/yr), the difference (0.17 lb TP 
acre/yr x 16,000 acres) indicates that about 3,000 lbs TP/yr can be removed by land 
management (primarily erosion control) that reduces TP export from the Duck River 
watershed to values observed elsewhere in wooded (i.e., undisturbed) areas. This result is 
similar to the estimated result for a combination of full AFO controls (1,000 lbs/year), the 
3-tons/acre erosion scenario outlined in Table 3 (1,800-2,400 lbs/year), and streambank 
stabilization (effect unknown, but probably > 500 lbs/year). The similarity in these two 
results further suggests that comprehensive management within the watershed can achieve 
TP load reductions from 3,300 lbs/yr to more than 4,000 lbs/yr, which should be sufficient 
to maintain the proposed reservoir in the desired mesotrophic status. 

2.3.5 Summary of the Potential to Meet Phosphorus Reduction Requirements 
The calculations herein are approximations but are useful for establishing limits around the 
actual results that would likely be achieved by watershed management actions. To better 
predict the effect and effectiveness of these management actions, it is important to obtain 
better estimates on the amount of phosphorus now originating from manageable sources. 
This can be done using an adaptive approach that combines carefully designed and 
coordinated field monitoring, numerical modeling, and other analytical techniques with 
periodic review and reassessment by resource managers. Additional analyses and modeling 
with existing information may help to narrow the uncertainties and point to specific sites for 
priority management action, but it is more important to obtain additional monitoring data 
on phosphorus concentrations and loads in the streams tributary to the proposed reservoir, 
with a specific emphasis on identifying priority sites for management action and assessing 
the effectiveness of BMPs. 

The water quality goals for the proposed reservoir can be achieved, but these analyses 
indicate that this would require a rigorous management program that ensures full 
implementation of management actions and close monitoring of the results of these actions. 
The analyses also indicate that full application of BMPs on all AFOs, rigorous land 
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management that reduces soil erosion to something less than 5 tons/ac/yr, and streambank 
erosion control would likely achieve the required 60 percent reduction (3,300 lbs) in 
phosphorus loading to the proposed reservoir. Thus, the desired 60 percent reduction in 
phosphorus load requires that the TP export rate for the overall watershed of the proposed 
reservoir (now at about 0.24 lbs/acre/year) be reduced to about 0.1 lbs/acre/year. This 
target rate is typical for woodlands (although lower levels have been reported), and 
provides a reasonable limit for expected results of watershed management.  

Because there is a history of excess phosphorus application in the watershed of the 
proposed reservoir, there would be a significant lag between BMP implementation and 
observable responses in the downstream flux of phosphorus. The extent of this lag is also 
uncertain, but would be on the order of years. It also should be noted that more than 
5 years have passed since the 1999 baseline year and some of the watershed management 
measures have been implemented (see Section 2.4) with resultant water quality 
improvement as the Duck River has been removed from the 303(d) list of impaired waters. 
It is likely that 3 to 5 more years would pass before the reservoir is constructed and filled, 
with additional watershed management measures being implemented throughout that 
period. By the time the reservoir is operational, there will have been 8 to  10 years of 
watershed improvement measures and subsequent water quality improvement relative to 
the 1999 baseline year. 

As was shown above, it is possible to achieve a reduction of at least 3,300 lbs/yr (60 
percent) of TP loading. The following section identifies the ongoing and proposed measures 
that will facilitate the reduction in TP loading. 

2.4 Summary of Ongoing Watershed Management Activities 
Reducing Excess Phosphorus Loading 

Since preparation of the original EA, numerous actions have been implemented to reduce 
phosphorus export from the Duck River sub-watershed. These actions are summarized in 
Table 4 and discussed in the following sections. 

2.4.1 Full Time Watershed Coordinator 
The CMWD has secured, through the Soil and Water Conservation District, the services of a 
full-time watershed manager who is responsible for coordinating with local farmers and 
property owners to ensure implementation of the AFO/CAFO requirements and the 
recommended watershed management BMPs. The watershed manager is also responsible 
for implementation of water quality monitoring, which is designed to identify potential 
problem areas so that appropriate measures can be taken in a timely manner to prevent 
water quality problems. 

2.4.2 Nutrient Management 
To evaluate nutrient management with BMPs, it is important to understand the basic 
mechanics of the poultry operations in the area. Poultry production occurs in self-contained, 
closed structures where no waste products are exposed to potential runoff outside the 
building. Litter is removed from the production buildings and placed into trucks for  
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TABLE 4 
Watershed Management Activities Conducted in Duck River Watershed, 1999-Present 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Action 
Waste 

Management 

Soil & 
Erosion 
Control 

AFO 
Management 

Water 
Quality 

Monitoring 
Education/ 
Outreach 

Removal of animal waste 
lagoons 

X  X   

Completion of drystacks X  X   
Installation of incinerators X  X   
Conversion of cropland to 
hybrid grass 

 X    

Rotational grazing plans  X X   
Cattle feeding facility    X   
Creek fencing  X X   
Alternative bedding X  X   
Litter processing facility 
investigation 

X  X   

Certified Animal Waste 
Vendors (CAWVs) Cost 
Share Grant 

X     

Watershed Initiative Grant X     
Monitoring    X  
Waste management plans 
completed 

X  X   

School project presentations  X   X 
Annual Water Festival      X 
Agricultural producer tour   X  X 

 

transport to land application sites, stored in drystack storage facilities for future application, 
or transported out of the watershed for other uses. Although significant quantities of water 
are used (in misting) to cool the poultry houses, no water runoff from inside the houses 
occurs.  

2.4.2.1 Implementation of New BMPs  
In November 1999, the Cullman County SWCD began implementing BMPs funded by a 
program made possible by CMWD. These BMPs were designed to address the new 
AFO/CAFO Rules (Appendix C) and improve water quality in the Duck River sub-
watershed. Numerous activities have been implemented subsequent to the 1999 EA to 
promote proper waste management, reduce nutrient loads, and increase public awareness 
through education. Examples include: 

• Hybrid Bermuda grass is planted to reduce phosphorus through conversion of cropland 
to grassland. 

• A $337,000 cost-share grant is enabling Certified Animal Waste Vendors (CAWVs) to 
store litter temporarily. 
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• A local agricultural producers tour for children is being conducted as a means of 
educating the next generation of producers in the watershed.  

• A Section 319 grant has been funded by ADEM for a watershed improvement project in 
the Duck River sub-watershed and another water quality related grant is being 
administered for a project in the Eight Mile Creek watershed. These grants were 
developed to assist farmers with cost-sharing on agricultural BMP projects to reduce 
potential nonpoint source pollutant runoff from operations in the watershed. 

• All bird carcass disposal has been converted from in-ground pits to incinerators or 
composters. In the past, these pits typically were placed around poultry houses for 
convenience without consideration of potential impacts on water quality. These pits 
often filled with water and consequently contributed to water quality problems. Until 
1996, these pits were recommended by state agencies for carcass disposal. However, 
because these pits were detrimental to water quality, it was decided in 1996 to remove 
this option from the list of approved disposal methods. Landowners were allowed to 
use existing pits until 2000 or until they were full (provided they were kept in good 
working condition), but no other pits were to be dug. Currently, no bird disposal pits are 
in use within the Duck River sub-watershed. 

• Many producers use CAWVs to move some of the litter out of the Duck River sub-
watershed. These CAWVs are well-trained personnel who know how to spread the litter 
at rates that are not detrimental to the environment. The program is set up so that the 
CAWVs take full responsibility for the litter from the poultry farms. According to this 
practice, the CAWVs must spread the material at recommended agronomic rates and at 
times when the crops can use the nutrients. If a producer uses a clean-out service that is 
not a CAWV, the producer is responsible for ensuring that the litter is spread correctly.  

• For erosion control, creeks and riparian zones have been fenced to keep livestock from 
eroding banks and disturbing streambed sediment. According to Cullman County staff, 
approximately 10,000 feet of fencing protecting 70 acres of riparian zone have been 
installed and another 13,000 feet are planned.  

• Based on the NRCS Standard 590 revised in November 2002, poultry litter application is 
planned to avoid periods within 72 hours of times when the probability of rainfall has 
been predicted at 50 percent or greater (NRCS, 2003).  

• Poultry litter is applied only on fields with a low potential for runoff. The Phosphorus 
Index is used to determine the most appropriate areas for litter application (NRCS, 
2000). 

Additional recent changes in the watershed include the following: 

• Removal of two animal waste lagoons 
• Completion of nine drystacks for temporary storage of chicken litter  
• Installation of two incinerators for disposal of bird carcasses 

As indicated in the Alabama NPS 2003 Annual report, watershed protection is proceeding 
as planned (Appendix G). 
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2.4.2.2 Reductions in Animal Feeding Operations 

In 1999, according to the EA, 178 poultry houses and 3 dairy farms were located in the Duck 
River sub-watershed. Since then, a number of these facilities have been taken out of 
production. A survey conducted by ADEM in 2004 identified 139 AFOs that are potential 
sources of nonpoint source pollution in the Duck River sub-watershed. Of these, 2 are dairy 
farms and 137 are poultry farms. Only Eighty-seven of these AFOs were active, so 1 dairy 
farm and 93 poultry operations have been inactivated or converted to other uses since 1999. 

2.4.3 Compliance with the AFO/CAFO Program in the Duck River Watershed 
The Mining & Nonpoint Source Section of ADEM’s Field Operations Division conducted a 
comprehensive watershed study of all AFOs in the Duck River sub-watershed between 
November 2003 and January 2004. The purpose of the study was to perform an on-the-
ground identification and inspection of all AFOs within the watershed. A total of 154 
facilities were inspected by ADEM during that study. Fifteen of the inspected sites were 
subsequently determined to be in an adjacent watershed, leaving a total of 139 identified 
AFO facilities in the watershed.  

The identified AFO facilities included 2 dairy farms (one with liquid waste management 
and one with dry waste management) and 137 poultry facilities (poultry broiler operations, 
poultry breeder/pullet operations, and poultry layer operations). Of the 139 facilities 
identified, 87 (62 percent) were determined to be active facilities, and 52 (38 percent) were 
either inactive or converted to other uses. Thus, the number of active AFOs in the watershed 
has declined in recent years.  

Of the 87 active facilities identified, no BMP deficiencies were noted at 41 (47 percent) of the 
sites. Minor BMP deficiencies were noted at 33 (38 percent) of the sites. According to ADEM, 
sites that have minor deficiencies are in substantial compliance with the AFO/CAFO Rules. 
Importantly, the operations at these sites did not impact water quality nor include any 
discharges. The operators of these sites were notified by ADEM to correct the identified 
deficiencies. A response back to ADEM is not required when minor deficiencies are 
corrected. ADEM took appropriate compliance/enforcement actions at 13 (15 percent) of the 
sites. According to ADEM, these sites had moderate deficiencies but none contained any 
discharges. These sites were notified by ADEM to correct the moderate deficiencies and to 
respond back in writing to ADEM within 14 days. All corrective actions and follow-up 
responses from these 13 facilities were accepted by ADEM and ADEM’s enforcement actions 
were closed out. ADEM is planning to perform additional inspections in 2005 and beyond as 
part of its routine inspection program. Complaints to ADEM about operations of the 
AFO/CAFO sites in the watershed will trigger additional ADEM inspections.  

Based on the results of this comprehensive study, ADEM concluded that there is a high 
degree of compliance with the ADEM AFO/CAFO Rules in the Duck River sub-watershed 
(see ADEM summary in Appendix D). Any AFO that is repeatedly out of compliance with 
ADEM’s regulations can be reclassified as a CAFO, which would require compliance with 
the more stringent CAFO requirements and be subjected to injunctive relief.  

The AFO operators in the area already have demonstrated a high level of compliance with 
the AFO/CAFO program; therefore, future compliance levels, including implementation of 
new BMPs, are expected to remain high.  
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2.4.4 Alabama’s 2004 Integrated Water Quality Monitoring and Assessment Report 

On a biennial basis, ADEM is required to prepare an Integrated Water Quality Monitoring 
and Assessment Report to Congress, commonly referred to as the CWA Section 305(b) 
Report. This report is submitted to the USEPA as part of the national water quality 
assessment required by the CWA and provides a summary of activities related to surface 
water quality as well as an assessment of surface water quality conditions in Alabama. 

In Part 7 – Watershed Projects in the 2004 Report, the Duck River Watershed Project is 
discussed in the Watershed Protection Highlights section (Appendix G). The summary 
states that the Duck River Watershed Project is proceeding according to scheduled 
milestones and objectives set by ADEM. The report also notes that all workplan BMPs were 
implemented in 2003. The BMPs included dry stacks for poultry litter, incinerators and 
composters for poultry mortality, conversion from cropland to grassland, and the 
installation of 10,000 feet of riparian zone protection (about 70 acres). The report states that 
while it is difficult to quantify the effectiveness of individual BMPs installed as a result of 
the project, these activities most likely contributed to the removal of the Duck River from 
the Section 303(d) list and its absence from the 2004 Section 303(d) list. 

Also highlighted in this report is the Eight Mile Creek Watershed Project implemented by 
CMWD for the watershed containing Lake Catoma (Appendix G). CMWD has this project 
proceeding as scheduled with regard to BMP implementation, with a high level of 
participation from poultry producers.  

2.5 Summary of Planned Adaptive Watershed Management  
Activities  

A series of additional watershed management measures will be implemented to facilitate 
implementation of BMPs for nutrient control and reduction, to track the effectiveness of the 
recommended management measures, and to proactively revise the watershed management 
program, if needed, to ensure maintenance of water quality conditions in the Duck River 
reservoir. 

2.5.1 AFOs/CAFOs Control 
Included in the watershed management plan is annual compliance monitoring of 
AFOs/CAFOs conducted by a representative of CMWD. This will be in addition to the 
routine inspections provided by operators of the AFOs/CAFOs and ADEM. If CMWD 
representative finds that an AFO is not in compliance with the regulations, the AFO will be 
reported to ADEM for additional inspection and, if necessary, enforcement. 

Livestock access to watercourses would be managed by using fences to control trampling of 
the streambanks and disturbance of the bottom sediments. Measures will be taken to 
stabilize all eroding streambanks within the watershed. 

The Phosphorus Index is being used to assess each field, site, and farm for vulnerability to 
impacts from phosphorus loadings that could affect water resources. All pertinent 
information will be assessed, such as soil ratings for leaching of soluble nutrients, soil 
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infiltration rates, geology reports, sinkhole maps, stream classifications, and proximity of 
sites to wells and streams. This index will continue to be used for this purpose. 

Cullman County will own and maintain a 100-ft wide permanent, vegetated buffer/filter 
zone of land around the proposed reservoir, including tributaries to the reservoir. The zone 
would serve to control erosion adjacent to the reservoir and filter runoff before it enters the 
reservoir. 

2.5.2 Erosion Control 
As part of the Duck River Watershed Management Plan to reduce erosion and associated TP 
loading from cultivated and pasture lands, the following management measures will be 
implemented in accordance with NRCS guidelines: 

• Areas with high levels of phosphorus in soils will be graded and tilled in a manner that 
minimizes runoff and erosion. 

• Vegetated buffer/filter zones will be maintained between agricultural fields and waters 
of the state. 

• BMPs such as fencing of riparian zones, streambank stabilization, land treatment, field 
terraces along waterways, critical area planting, pasture and hay land management, and 
lagoon renovation/closure will be implemented in accordance with the watershed 
management plan. Fences will be installed to keep livestock out of the streams. 

• Ungrazed buffer areas will be maintained in pasture lands. Research indicates that 
grazing increases the amount of phosphorus available for transport within a pasture, but 
that the phosphorus rapidly becomes immobile in ungrazed buffer areas (Haan et al., 
2003). 

Rotational grazing systems have been planned and promoted in the watershed to reduce the 
phosphorus losses from pasture land. On some farms, a portion of the fields are used for 
hay production, creating an excellent filter for phosphorus removal. In a well-managed 
rotational system, the soil loss is greatly reduced and the quality of the crop is increased. 
This practice has been planned on several farms in the watershed and is highly 
recommended on the others (refer to Section 2.4.4 for information on how these BMPs 
would be implemented and enforced). 

2.5.2.1 Reduce Slow Leak Losses of Phosphorus 

Soils naturally release some soluble phosphorus into surface runoff, and the concentration is 
affected by the phosphorus level of the soil. Soil tests for phosphorus were developed to 
help estimate phosphorus fertilizer requirements for crops. Considerable evidence indicates 
that the soluble phosphorus concentration in runoff increases in direct proportion to 
increasing soil test phosphorus levels (Lory, 1999). Based on observations from applying 
100-ft buffers in agricultural fields in the Chesapeake Bay watershed, phosphorus loading 
reductions of 50 to 70 percent are achievable (Alliance for the Chesapeake Bay, 1996). 

To minimize slow leak soluble phosphorus loss, the following actions will be used: 

• Poultry litter will be applied only to fields that have an agronomic need for phosphorus. 
According to NRCS (2000) rules, soil samples should be taken from each field (no more 
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than 10 acres per composite sample) every 3 years or less from the surface (0 to 3 inches) 
from pastures and hayfields and the plow layer for cultivated croplands. Phosphorus 
needs are calculated using the Phosphorus Index, which takes into account both the crop 
requirement and the amount of phosphorus already existing in the soil.  

• Proper crop selection and soil conservation practices will be used to reduce the amount 
of annual runoff from agricultural fields. 

• A 100-ft buffer strip will be maintained around the proposed reservoir. The CWMD will 
own and maintain this buffer area. 

The CWMD watershed coordinator will be responsible for assisting local land owners in 
implementation of these measures and will ensure that the 100-ft buffer area is maintained 
in an undisturbed condition. 

2.5.2.2 Stormwater Permitting 

Under the existing ADEM requirements (ADEM Administrative Code Chapter 335-6-9) for 
control of stormwater runoff from construction sites, any new development or related 
project that disturbs more that 1 acre of land must register for coverage under the Alabama 
General National Pollutant Discharge Elimination System (NPDES) permit for construction. 
In addition, applicants for coverage under the stormwater construct permit must develop a 
Construction Best Management Practices Plan (CBMPP), using a certified contractor. The 
CMWD currently cooperates with ADEM to ensure implementation of the stormwater 
construction permit registration process and will continue to do so as part of the overall 
watershed management program. CMWD’s watershed manager will be responsible for 
providing additional supervision on projects within the Duck River sub-watershed.  

Currently, the population of Cullman is not large enough for the city to be considered a 
Phase II community under the Municipal Separate Storm Sewer System (MS4) program. 
However, the city has been participating with the other local municipalities in planning for 
implementation of BMPs required under Phase II and intends to develop a coordinated 
program that will be applied by all of the local entities in the future. 

The combination of the stormwater construction permitting requirements and the future 
Phase II requirements will provide additional stormwater-related pollution protection in the 
Duck River sub-watershed.  

2.5.3 Watershed Management Plan 
CMWD prepared a watershed management plan for the Duck River water supply project as 
part of the EA. Included in this plan is a characterization of the watershed, a water quality 
assessment, and recommended implementation measures. ADEM approved the watershed 
management plan on April 26, 2001. The plan contains a 5-year program designed to 
improve water quality and proceed concurrently with the Cullman County Soil and Water 
Conservation District (SWCD) Clean Water Action Plan (Appendix E). This plan will be 
implemented after the Section 404 permit for the Duck River project is received from the 
Corps. 
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2.5.4 Water Quality Monitoring 
In addition to the monitoring for compliance with ADEM’s regulations and NRCS’ BMP 
standards as described previously, a water quality and biological monitoring program will 
be implemented. This program is detailed in the original EA and will include physical and 
chemical monitoring of the Duck River headwaters and the main stem below the dam. At a 
minimum, the four stations previously sampled by ADEM and TTL, Inc. will be monitored. 

Water quality sampling will include base flow (at least four events) and wet weather 
conditions (at least six events) to characterize nutrient loadings and to evaluate the 
effectiveness of the watershed management plan. Monitoring will include in–situ 
measurements for dissolved oxygen, pH, turbidity, conductivity, and flow. Water samples 
will be analyzed for biochemical oxygen demand (BOD), ammonia nitrogen, total Kjeldahl 
nitrogen (TKN), nitrate + nitrite nitrogen, ortho-phosphate, TP, fecal coliform bacteria, and 
chlorophyll a [reservoir samples only]). Based on the flow measurements and nutrient 
concentrations, total loadings to the watershed will be calculated.  

Biological monitoring for the purpose of qualitative assessments will occur annually along 
the tributaries in the upper reach of the Duck River as well as below the dam. The condition 
of aquatic species in the Duck River sub-watershed will be evaluated through 
macroinvertebrate assessments using ADEM-accepted protocols and an Index of Biotic 
Integrity (IBI) evaluation based on fish communities. 

2.5.5 Annual Reporting 
The CWMD watershed coordinator will summarize the watershed management activities 
implemented each year and the results of the water quality monitoring efforts. Based on 
these results, the watershed management plan will be re-evaluated and recommendations to 
modify the plan will be included to address any potential issues identified. This adaptive 
management approach will allow the CWMD to track implementation of the watershed 
management recommendations, assess their effectiveness, and quickly make the 
appropriate changes to the watershed management program to ensure maintenance of 
water quality conditions.  

2.6 Enforcement and Compliance Mechanisms 
While ADEM’s 2003-2004 compliance survey indicated a high level of compliance with the 
new AFO/CAFO Rules (see Section 2.5.3), continued and increased compliance with the 
recommended agricultural BMPs discussed herein will be needed to improve and maintain 
acceptable water quality in the proposed Duck River reservoir. Compliance with the 
AFO/CAFO Rules and the additional watershed management recommendations will be 
enforced through the following measures: 

• ADEM AFO/CAFO Rules – ADEM is responsible for permitting and compliance 
assessment of all animal production facilities in the watershed. Alabama has developed 
and adopted regulations to implement the new USEPA requirements. The new ADEM 
regulations are more stringent than required by federal law. The state regulations 
contain requirements to prohibit discharges from all AFOs regardless of the number of 
animals being confined, stabled, or concentrated and fed. ADEM approval of 
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registration under the ADEM AFO/CAFO Rules constitutes NPDES permit coverage as 
provided in ADEM Admin. Code R. Chapter 335-6-6. AFO/CAFO registrants must 
comply with all provisions of the AFO/CAFO Rules and the NPDES permit program. 
Any noncompliance with the AFO/CAFO Rules constitutes a violation of the 
AFO/CAFO Rules and NPDES rules and may constitute a violation of the Clean Water 
Act (CWA) and the Alabama Pollution Control Act, in which case it would be grounds 
for enforcement action. Enforcement actions may include imposing monetary fines, 
closing facilities that are not in compliance, and/or requiring the owner/operator to 
apply for and obtain an individual NPDES permit. 

• City of Cullman/Utilities Board - These entities, through a joint operation, will maintain 
the reservoir and the buffer zones surrounding the reservoir. At present, they work with 
the police department to provide a patrol for Lake Catoma and this patrol would be 
extended to include the Duck River reservoir to deter and rapidly address actions that 
could compromise the water quality conditions in the reservoir.  

• Cullman-Morgan Water District – CMWD will have the authority to enforce watershed 
management recommendations within the Duck River sub-watershed. As such, CMWD 
will be able to remove potential sources of excessive nutrients from the watershed. 

The CMWD recognizes that there are uncertainties in the potential effectiveness of the 
recommended management activities. There is also uncertainty about the level of 
compliance that will be attained by the property owners in the watershed. Therefore, an 
adaptive management approach will be used to monitor water quality, evaluate monitoring 
and management results, and adjust the watershed management program accordingly  

During the final design, construction, and filling of the reservoir, the amount of excess 
phosphorus accumulated in the soil is expected to decline due to (1) implementation and 
enforcement of the state AFO/CAFO Rules, (2) uptake by vegetation and soil organisms, (3) 
implementation of the new approaches to litter application, and (4) crop use of the excess 
phosphorus in the soils in areas that are no longer used for litter application. It probably will 
be years before the accumulated excess phosphorus in the soils of the Duck River watershed 
declines to levels that have little potential to impact water quality. However, some of that 
time will have passed prior to operation of the reservoir. During that period, watershed 
management measures will be in place, monitoring will be available to confirm that the 
management measures have been effective, and the adaptive management program will 
have implemented modified measures if warranted by monitoring results.  

2.7 Conclusions 
As a result of the actions discussed above and the activities summarized below and in 
Table 5 following this discussion, Cullman County would achieve a more than 60 percent 
reduction in the phosphorus loadings projected for the proposed reservoir.  
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TABLE 5 
Summary of Watershed Management Recommendations and Enforcement Mechanisms  
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Watershed Management Program Elements Activities 

Agricultural Nutrient Management  

− AFO/CAFO Controls 

− Cultivated and pasture land controls 

 

• AFO/CAFO Controls: 
• Regulate all AFO/CAFOs (ADEM) 
• Store litter/manure in drystack units 
• Remove renovate lagoons 
• Use compost systems or other approved new 

technologies for disposal of dead animals 
Cultivated and Pasture Lands Controls: 
• Implement Phosphorus Index- based nutrient 

management plans 
• Apply litter only during dry weather conditions 

(NRCS Standard 590) 
• Implement 100-ft buffer on reservoir 
• Promote crop rotation 
• Use vegetated buffers and filter zones between 

fields and streams 
• Use riparian fences and critical area planting 
• Use rotational grazing 

Monitoring and Assessment of Watershed 
Management Effectiveness 

Employment of a full-time watershed manager 

• District has hired a full time watershed manager to 
assist with and monitor implementation of the 
recommended plan by local land owners. 

Implementation of Water Quality Monitoring Program 
• Water quality monitoring would be conducted in 

accordance with ADEM protocols within the 
watershed to assess nutrient loadings to the 
reservoir and the effectiveness of the watershed 
management program. 

• Annual summary reports would be prepared and 
used to “adapt” the management program, if 
needed, to address water quality conditions 
observed in the watershed.  

Enforcement of Management Recommendations ADEM AFO/CAFO Rules 
• ADEM now requires all AFO/CAFOs to be in 

compliance with the new state rules for operation 
of animal feeding operations. These rules are 
more stringent than the federal requirements.  

• ADEM enforcement actions for non-compliance 
include monetary fines and closing of facilities 

Cullman-Morgan Water District 

• CMWD can require local property owners to 
comply with the recommendations in the 
watershed management plan.  

Contingency Mechanisms Cullman-Morgan Water District 

• CMWD has local government authority and has 
the authority to remove a pollutant source from the 
watershed.  
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•  Due to a major change in nutrient management planning from the nitrogen-based to 
phosphorus-based poultry litter application rate, no excess phosphorus would be 
applied in the Duck River sub-watershed. This would reduce the phosphorus loading at 
the source.  

• The Phosphorus Index would be used to assess each field, site, and farm for 
vulnerability to impacts from phosphorus loadings that could affect water resources. All 
pertinent information would be used, such as soil ratings for leaching of soluble 
nutrients, soil infiltration rates, geology reports, sinkhole maps, stream classifications, 
and proximity of sites to wells and streams.  

• Of the 139 AFO/CAFO facilities identified in the Duck River sub-watershed, 87 were 
determined to be active facilities and 54 were either inactive or converted to other uses. 
This confirms that overall production of poultry litter has declined by about 38 percent 
since 1999. This reduction in the number of production facilities would result in a 
substantial reduction in litter application in the watershed. 

• Based on the information regarding implementation of BMPs, phosphorus reductions 
vary from 60 to 90 percent where BMPs are implemented at AFO facilities (ADEM 319 
Study).  

• A number of BMPs are being implemented on the cultivated and pasture lands to limit 
nutrient loading to the proposed reservoir. Many producers also use CAWVs to move 
some of the litter out of the Duck River sub-watershed. These CAWVs are well-trained 
personnel who know how to spread the litter at rates that are not detrimental to the 
environment. The program is set up so that the CAWVs take full responsibility for the 
litter from the poultry farms. According to this practice, the CAWVs must spread the 
material at recommended agronomic rates and at times when the crops can use the 
nutrients. If a producer uses a clean-out service that is not a CAWV, the producer is 
responsible for ensuring that the litter is spread correctly.  

• As a safety measure and to promote increased protection of water quality, a routine 
water quality monitoring plan would be implemented to take immediate corrective 
action if any water quality impacts are detected.  

• During the final design, construction, and filling of the reservoir, the amount of excess 
phosphorus accumulated in the soil would continue to be significantly reduced through 
the implementation and enforcement of the state AFO/CAFO regulations, natural 
uptake, implementation of the new approaches to litter application, and use of the 
excess phosphorus in the soils in areas that are no longer used for litter application.  

• CMWD recognizes that there are some uncertainties regarding the potential 
effectiveness of the recommended management activities and the potential for full 
compliance by all the property owners in the watershed. Therefore, an adaptive 
management approach would be used to monitor the water quality conditions, evaluate 
the results, and adjust the watershed management program accordingly.  

• As a contingency, CMWD has the option of buying out property owners and facilities 
that are found to be in chronic violation of the watershed management program. Thus, 
potential sources of nutrient loadings could be removed from the watershed.  
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By achieving the 60 percent reduction in TP loading, as discussed above, CMWD would 
prevent the proposed Duck River reservoir from developing and marinating eutrophic 
conditions. Explicit conditions placed on the CWA Section 404 permit by the Corps would 
ensure implementation of these measures. Therefore, the water quality of the proposed 
Duck River reservoir is not anticipated to have an adverse impact on the environment. 
Additionally, with the implementation of the adaptive watershed management plan driven 
by the proposed reservoir project, overall water quality in the Duck River sub-watershed 
would improve as a result of this project and downstream water quality also would be 
expected to improve because of improved quality water entering that part of the larger 
watershed. 
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3.0 Downstream Effects on Mulberry Fork 

Potential impacts of the proposed reservoir on downstream flows in the Mulberry Fork of 
the Black Warrior River were re-evaluated based on additional flow monitoring data 
collected by the United States Geological Survey (USGS) on the Duck River. Stream flow 
conditions before and after installation of the proposed dam were modeled for this 
evaluation. 

3.1 Hydrology of the Mulberry Fork Watershed 
As discussed in Section 1.4, the Duck River is a sub-watershed of the Mulberry Fork 
watershed, which joins the Sipsey Fork watershed to form the Upper Black Warrior 
headwaters basin (Figure 4). The Mulberry Fork watershed encompasses approximately 
1,370 square miles. This area represents approximately 23 percent of the 6,088 square miles 
in the Black Warrior River basin. Land area within the Duck River sub-watershed includes 
approximately 63 square miles, which is approximately 5 percent of the Mulberry Fork 
watershed and only about 1 percent of the Black Warrior River basin.  

Stream flows in the Duck River sub-watershed were based on stream gage (water level) data 
and discharge estimates developed by the Corps for the period 1997 - 2003 (see Appendix B, 
Technical Memorandum 3). Flow data for the Mulberry Fork were obtained from the USGS 
gage at Garden City (#02540000). Based on these data, the annual average flows for the 
Duck River and the Mulberry Fork are 50 cfs and 683 cfs, respectively, and the 7Q10 flows 
are 3.74 cfs and 38 cfs, respectively. 

Water quality modeling was limited to the northeastern portion of the Mulberry Fork 
watershed upstream of the confluence with the Sipsey Fork. This area was selected because 
the large downstream hydrologic inputs from the northwestern portion of the Mulberry 
Fork watershed and also from the Sipsey Fork watershed could mask impacts that would be 
determined for the point of analysis if the entire watershed were used as the basis for 
modeling. In support of that analysis, a water balance was developed for the Duck River 
and Mulberry Fork watersheds to evaluate the potential impacts of the proposed reservoir 
on downstream flows (Appendix F). The Duck River reservoir water balance included 
estimates of storage, flow in, flow out, precipitation, and evaporation. Outflows included 
both the anticipated minimum release requirements (contained in the EA) and the expected 
water supply withdrawal (32 mgd). The minimum release requirements as set by Alabama 
Department of Conservation and Natural Resources are summarized in Table 6. While it is 
unlikely that the full 32 mgd would be withdrawn on a daily basis (generally, the reservoir 
would be used only after the primary water supply source, Lake Catoma, has been 
exhausted), this flow was used as a worst-case estimate of the total impacts of reservoir 
operation on downstream flows. 
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TABLE 6 
Required Minimum Flow Releasesa 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Month 
Drought Release 

(cfs) 
Normal Release  

(cfs) 

Jan 14.5 16.0 

Feb 19.0 19.0 

Mar 20.5 20.5 

Apr 11.0 16.0 

May 4.5 16.0 

Jun 2.0 16.0 

Jul 1.5 16.0 

Aug 1.0 6.4 

Sep 1.0 6.5 

Oct 1.0 7.6 

Nov 1.0 16.0 

Dec 3.0 16.0 
a Drought release flows were developed by the Alabama Department of 
Conservation and Natural Resources 

3.2 Impacts of the Water Supply Reservoir on Duck River 
By design, the proposed water supply reservoir would capture stream flows during high 
flow events and store the water for use during low flow periods. As a result, the reservoir 
would alter the present hydrologic regime by reducing some of the high flow events and 
increasing the flows during low flow conditions. As a result of the required minimum 
instream flow releases from the reservoir, low flows in the Duck River after construction of 
the proposed Duck River reservoir would increase significantly over existing, pre-
construction conditions (Figure 5).  

Figure 5 depicts the following changes, which would result from construction of the 
proposed water supply reservoir: 

(1) Ability to release stored water in accordance with the requirement to maintain 
minimum flows downstream of the dam, which would provide greater water flow 
during low flow periods and benefit downstream uses (water supply and aquatic 
habitat) in the Duck River downstream of the dam. 

(2) Reduced number of low flow events (see Appendix B, Technical Memorandum No. 4). 
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(3) Removal of suspended particles, TP, and other pollutants through settling and natural 
biological processes in the reservoir, thereby providing better quality water for aquatic 
life in the Duck River downstream of the dam. 
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FIGURE 5  
Duck River Stream Flows, Pre- and Post- Dam Construction 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

As noted herein, a worst-case approach was used which assumed withdrawal of 32 mgd 
every day. It is unlikely that the full amount of water would be withdrawn on a regular 
basis as the reservoir would be the secondary water source (Lake Catoma would remain the 
primary water source). Any water not withdrawn would be retained in the reservoir or 
passed downstream, which would further reduce potential flow impacts.  

3.3 Impacts of the Water Supply Reservoir on Mulberry Fork 
Figure 6 presents the projected changes in stream flows in the Mulberry Fork near Garden 
City (USGS gage #02450000) before and after construction of the proposed reservoir. This 
comparison demonstrates that impacts to the hydrology of the Mulberry Fork would be 
minor and would result in no long-term observable change in flow. As a result of the 
minimum flow requirements, post-dam low flows would be significantly greater than the 
existing low flows without the dam, as determined by statistical analysis (see Appendix B, 
Technical Memorandum No. 4). Except for a small reduction in the peak flow of the 
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Mulberry Fork (maximum reduction of 73 cfs from peak flow exceeding 2,500 cfs), all other 
features would remain unchanged after construction of the proposed water supply 
reservoir. This slight reduction in peak flow in the Mulberry Fork would not constitute a 
significant impact on the hydrology of the river. Conversely, the increase in low flows 
during the dry season would be a significant benefit to the river’s hydrology. 
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FIGURE 6  
Comparison of Pre- and Post- Dam Construction Stream Flows in Mulberry Fork 

Supplement to Duck River Reservoir EA, Cullman, Alabama 

These analyses demonstrate that the proposed reservoir would have no significant negative 
impacts on flows in the Mulberry Fork. Furthermore, because the modeled water 
withdrawal rates were worst-case and the water not withdrawn would be retained in the 
reservoir or passed downstream, potential impacts would likely be even better than 
predicted.  
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4.0 Cumulative Effects  

4.1 Introduction 
The Council on Environmental Quality’s (CEQ) NEPA regulations are codified in the C.F.R. 
at 40 C.F.R. §1508.1 et seq. According to those regulations, a cumulative effect is the  

impact on the environment which results from the incremental impact of the action 
when added to other past, present, and reasonably foreseeable future actions regardless of 
what agency (federal or non-federal) or person undertakes such other actions.  
(40 C.F.R. §1508.7) 

Principles of cumulative effects analysis are described in the CEQ guide Considering 
Cumulative Effects under the National Environmental Policy Act. For this analysis, cumulative 
impacts are examined in terms of how the proposed Duck River reservoir could affect 
downstream resources in the appropriate project impact zone through interaction with other 
past, present, and reasonably foreseeable future actions. CEQ guidance on cumulative 
effects analysis states:  

For cumulative effects analysis to help the decisionmaker and inform interested parties, 
it must be limited through scoping to effects that can be evaluated meaningfully. The 
boundaries for evaluating cumulative effects should be expanded to the point at which 
the resource is no longer affected significantly or the effects are no longer of interest to 
affected parties. (CEQ, 2003) 

CEQ also states that “for waters, the project impact zone would be limited to the hydrologic 
system that would be affected by the proposed action.” Further, “for water resources an 
appropriate regional boundary may be a river basin or parts thereof” (CEQ 2003). 

Principles of cumulative effects analysis, as described in CEQ guidance (CEQ, 2003), are 
presented in Table 7.  

4.1.1 Significance Criteria 
In accordance with CEQ regulations and implementing guidance, impacts are evaluated in 
terms of their significance. The term significant, as defined in 40 C.F.R 1508.27, part of the 
CEQ regulations for implementing NEPA, requires considerations of both context and 
intensity. Context means that the significance of an action must be analyzed in several 
settings, such as society as a whole (human, national); the affected region; the affected 
interests; and the locality. Significance varies with the setting of the Proposed Action. For 
instance, in the case of a site-specific action, significance would usually depend on the 
effects on the locale rather than on the world as a whole. Both short- and long-term effects 
are relevant to the consideration of the significance of an impact.  
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TABLE 7 
Principles of Cumulative Effects Analysis 
Supplement to Duck River Reservoir EA, Cullman, Alabama  

Cumulative effects are caused by the aggregate of past, present, and reasonably foreseeable future actions. 

Cumulative effects are the total effects, including both direct and indirect effects, on a given resource, ecosystem, 
and human community, of all actions taken, no matter who (federal, nonfederal, or private) has taken the actions. 

Cumulative effects need to be analyzed in terms of the specific resource, ecosystem, and human community being 
affected. 

It is not practical to analyze the cumulative effects of an action on the universe; the list of environmental effects 
must focus on those that are truly meaningful. 

Cumulative effects on a given resource, ecosystem, and human community are rarely aligned with political or 
administrative boundaries. 

Cumulative effects may result from the accumulation of similar effects or the synergistic interaction of different 
effects. 

Cumulative effects may last for many years beyond the life of the action that caused the effects. 

Each affected resource, ecosystem, and human community must be analyzed in terms of the capacity to 
accommodate additional effects, based on its own time and space parameters. 

 

Intensity refers to the severity of impact ranging from negligible through major. Factors 
contributing to the evaluation of the intensity of an impact include, but are not limited to, 
the following: 

• The balance of beneficial and adverse impacts, in a situation where an activity has both.  

• The degree to which the action affects public health or safety.  

• The unique characteristics of the geographic area where the action is proposed, such as 
proximity to parklands, historic or cultural resources, wetlands, prime farmlands, wild 
and scenic rivers, and ecologically critical areas.  

• The degree to which the effects on the quality of the human environment are likely to be 
controversial.  

• The degree to which the effects of the action on the quality of the human environment 
are likely to be highly uncertain or involve unique or unknown risks.  

• The degree to which the action might establish a precedent for future actions with 
significant effects or represents a decision in principle about a future consideration.  

• Whether the action is related to other actions with individually insignificant but 
cumulatively significant impacts. Significance exists if it is reasonable to anticipate a 
cumulatively significant impact on the environment. Significance cannot be avoided by 
terming an action “temporary” or by breaking it down into small component parts.  

• The degree to which the action might adversely affect districts, sites, highways, 
structures, or objects listed in or eligible for listing in the National Register of Historic 
Places (NRHP) or might cause loss or destruction of significant scientific, cultural, or 
historical resources.  
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• The degree to which the action might adversely affect an endangered or threatened 
species or habitat that has been determined to be critical under the Endangered Species 
Act of 1973.  

• Whether the action threatens a violation of federal, state, or local law or requirements 
imposed for the protection of the environment.  

4.1.2 Limits of Analysis 
The temporal limit for consideration in this analysis is the year 2025, as discussed in Section 
1.4. This analysis period allows a reasonable degree of accuracy in forecasting future 
projects and potential cumulative impacts with the proposed Duck River reservoir. 

The spatial limits of the cumulative impacts analysis were identified in Section 1.4, an area 
identified as the Upper Black Warrior headwaters basin. The cumulative effects analysis 
addresses potential cumulative and secondary impacts that may result from interaction of 
the proposed Duck River reservoir with other past, present, and reasonably foreseeable 
future actions occurring within the Mulberry Fork and Sipsey Fork watersheds. The 
considered watersheds are upstream of Bankhead Lake, a reservoir on the Black Warrior 
River that extends upstream on the Mulberry Fork and Locust Fork above their confluence, 
which forms the Black Warrior River.  

To fully consider the potential for interaction with the two additional reservoir projects in 
the Black Warrior basin, the area of analysis was expanded to include the proposed BWWSB 
water supply reservoir on the Locust Fork and the proposed Tom Bevill reservoir on the 
North River. These projects are considered to the extent that they could interact with effects 
of the proposed Duck River reservoir should the reservoir projects be constructed.  

4.2 Hydrology 
This section considers potential effects to hydrology that could result from interaction of the 
proposed Duck River reservoir with other area projects. It includes discussion of other 
existing and proposed reservoirs, water supply intakes and water withdrawal permits, and 
interbasin transfer. 

4.2.1 Existing Reservoirs 
There are more than a dozen lakes located in the upper portion of the Black Warrior River 
headwaters basin. The largest of these are Lewis Smith Lake, Lake Tuscaloosa, and 
Bankhead Lake. These three lakes and Lake Catoma (the only reservoir currently used for 
public water supply in Cullman County) are briefly described below and illustrated on 
Figure 7. Because the Duck River reservoir would not impact hydrology or water quality in 
the Mulberry Fork, there would be no interaction effects with existing downstream 
reservoirs or other existing reservoirs in the Black Warrior River basin.  
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4.2.1.1 Lewis Smith Lake 

This lake is the largest water body in the Upper Black Warrior headwaters basin. Smith Lake 
is an Alabama Power Company hydroelectric reservoir completed in 1961 on the Sipsey 
Fork. The maximum storage is approximately 1.67 million acre-feet. The normal pool 
elevation is 522 feet msl. According to Alabama Water Watch water quality testing results 
on the lake, the water is of high quality, indicating few problems associated with nonpoint 
source runoff. The Town of Arley, Alabama, withdraws approximately 1.0 mgd for water 
supply (Corps, 1999b). Approximately 394,300 acre-feet of storage are available for normal 
hydropower operations (Corps, 1999b).  

4.2.1.2 Lake Tuscaloosa 

Lake Tuscaloosa is outside the area defined as the Upper Black Warrior headwaters basin, 
but is in the upper portion of the Black Warrior River basin.  In 1969, the North River was 
dammed, creating Lake Tuscaloosa. Lake Tuscaloosa is a 5,885-acre water supply reservoir 
with 177 miles of shoreline. The reservoir is 25 miles long with a capacity of 123,000 acre-feet 
and an estimated safe yield of 200 mgd. This reservoir supplies water to the Cities of 
Tuscaloosa and Northport, Alabama (www.laketuscaloosa.org). 

4.2.1.3 Bankhead Lake 

The original Bankhead Dam was built in 1915.  In 1970, the spillways were rehabilitated and
 gates were added. The original double lock was replaced by a single lock structure, which
was opened in 1975. This lake has a normal pool elevation of 225.0 ft msl and can store
296,215 acre-feet of water. Portions of both the Locust Fork and Mulberry Fork are
impounded by the Bankhead Lock and Dam, which is located on the Black Warrior River
below the confluence of the Locust Fork and Mulberry Fork. Alabama Power Company
owns and operates the hydropower facilities and coordinates with the Corps to operate
Bankhead Lake to provide hydroelectric power generation (Corps, 1999b). 

4.2.1.4 Lake Catoma 
Lake Catoma is located in Cullman County and supplies water to Cullman, Morgan, and 
Winston Counties. Lake Catoma was constructed on Eight Mile Creek by the City of 
Cullman in 1966. The maximum pool elevation is approximately 742 ft msl 
(www.cullmancity.org). TTL Inc. and ADEM water quality test results indicate that, except 
for occasional fecal coliform bacteria exceedances, all water quality parameters 
(temperature, dissolved oxygen, BOD, TKN, ammonia, and TP) are within normal ranges 
(Corps, 1999a). 

4.2.2 Proposed Reservoirs 
Two additional reservoirs, other than the proposed reservoir, have been proposed for 
construction in the upper portion of the Black Warrior River basin during the period of 
analysis for cumulative impacts: the Tom Bevill reservoir and a BWWSB water supply 
reservoir on the Locust Fork (Figure 7). These proposed reservoirs are outside of the project 
impact zone, but are considered in the analysis to address the specific issues raised by the 
Court. These proposed reservoirs are discussed below. 

P:\CULLMANALUTILITIESBO\314526\TMS\DRAFT SUP EA\FINAL REVISED DRAFT\FINAL REVISED DRAFT EA 06_07_05.DOC 4-5 



DRAFT SUPPLEMENT TO THE ENVIRONMENTAL ASSESSMENT, WATER SUPPLY PROJECT, DUCK RIVER RESERVOIR, CULLMAN, ALABAMA 

4.2.2.1 Proposed Tom Bevill Reservoir 

Because the Tom Bevill reservoir is proposed for the North River in Fayette County, 
Alabama, no reasonable potential for interaction with the proposed Duck River project 
exists. The proposed Tom Bevill reservoir is in the upper North River sub-watershed of the 
Upper Black Warrior River watershed. Water from the proposed Tom Bevill reservoir 
would pass through the Lower North River sub-watershed and Lake Tuscaloosa before 
entering the Black Warrior River more than 30 miles downstream of the confluence of the 
Mulberry Fork and Locust Fork at Bankhead Lake. Lake Tuscaloosa hydraulically separates 
the proposed Tom Bevill reservoir from the Black Warrior River and provides amelioration 
for potential upstream impacts to the North River prior to water entering the Black Warrior 
River. Bankhead Lake provides similar amelioration for potential impacts in upstream 
watersheds before water flows downstream in the Black Warrior River. There are numerous 
substantial hydrologic inputs to the Black Warrior system between the proposed Duck River 
project and the point where the North River enters the Black Warrior River including the 
Sipsey Fork watershed, the Locust Fork watershed, the Mulberry Fork watershed exclusive 
of the Duck River sub-watershed, and other Black Warrior tributaries into and below 
Bankhead Lake. 

With respect to Bankhead Lake, requirements for minimum instream flows from new 
reservoirs would prevent water shortages in the downstream reservoirs and would 
generally provide greater flows to Bankhead Lake during dry times of the year, as present 
flow in the Duck River sub-watershed frequently approaches 0 cfs during dry periods under 
natural conditions.  

No potential for interaction and subsequent secondary and indirect impacts between the 
proposed Duck River project and the proposed Tom Bevill reservoir would occur because of 
the spatial separation between the proposed Duck River reservoir and the proposed Tom 
Bevill reservoir, the intervening reservoirs, and the damping effect of additional hydrologic 
inputs to the Black Warrior system between the proposed Duck River reservoir and the 
confluence of the North River with the Black Warrior River (see Figure 7).  

Therefore, no negative indirect or cumulative impacts on water quality, or hydrology would 
occur. Potential cumulative impacts on aquatic resources are addressed below. 

4.2.2.2 Proposed BWWSB Reservoir 

A reservoir also has been proposed on the Locust Fork to provide an additional water 
supply source for the BWWSB. Historically, the confluence of the Locust Fork and Mulberry 
Fork formed the Black Warrior River. Today, this confluence is inundated by Bankhead 
Lake. The Locust Fork watershed is 19.3 percent of the Black Warrior River basin. However, 
additional hydrologic inputs downstream of the proposed reservoirs and Bankhead Lake 
would prevent interaction effects between the new reservoirs downstream of the lake. 
Bankhead Lake extends upstream beyond the confluence of the Mulberry Fork and the 
Locust Fork, and the Sipsey Fork watershed joins Mulberry Fork upstream of Bankhead 
Lake.  The southwestern portion of the Mulberry Fork watershed, almost half of the 
watershed, drains into Bankhead Lake downstream of the confluence of the Sipsey Fork and 
Mulberry Fork.   
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It has been demonstrated that the proposed reservoir would benefit the hydrology of the 
Duck River system and the Mulberry Fork through increased flow volume during dry 
periods as a result of instream minimum flow requirements. However, there would be slight 
reductions (less than 5 percent reduction in peak flows) in water available to maintain flows 
downstream of Bankhead Lake.  

The slight reduction in peak flows in the Mulberry Fork resulting from the proposed Duck 
River reservoir would not constitute a significant impact on Bankhead Lake, even with 
comparable reductions in flow in the Locust Fork as a result of the proposed BWSSB 
reservoir. Impoundments typically fill during periods of high river flow and, when full, 
pass any excess water downstream with minimal detention. Most of the water that would be 
retained in the proposed Duck River and BWSSB reservoirs would be obtained during high 
flow events. Some of the water that would be retained in the proposed reservoir would pass 
through Bankhead Lake without being stored when that lake is at capacity. Reservoirs that 
are at or near capacity during times of high flow pass most of the inflow without storing any 
of the flow. Under capacity conditions, more water than the minimum required flow is 
released when inflow exceeds that minimum required release, and little of the incoming 
water is retained. Therefore, not all of the water that would be stored in the proposed Duck 
River and BWSSB reservoirs would be available for storage in Bankhead Lake, which would 
reduce the overall potential impact of water storage in the proposed Duck River and BWSSB 
reservoirs on Bankhead Lake and subsequent downstream reservoirs. Additionally, 
increased low flows resulting from instream minimum flow requirements would offset 
some of the seasonal downstream shortage in Bankhead Lake that occurs in late summer 
and fall. The increased base flow would be available at the time when additional flow is 
needed in downstream reservoirs. Because of these factors, there would be no adverse 
impact on downstream reservoir management resulting from the reduction in storage.  

As discussed in previous sections, it is unlikely that the full 32 mgd would be withdrawn 
every day from the proposed reservoir. Any of the 32 mgd not withdrawn would remain in 
the reservoir or be passed downstream (when the reservoir is full). This would further 
reduce the potential for interaction effects downstream of the reservoir. 

Based on the above analysis, there would be no significant negative indirect or cumulative 
impacts on water quality or hydrology should the two proposed reservoirs be built. 

4.2.3 Water Supply Intakes 
There are three major water supply intake structures operated by the BWWSB in the upper 
portion of the Black Warrior River basin (Figure 7). The intakes are located at (1) Inland 
Lake in the Locust Fork watershed, (2) Sipsey Fork downstream of Lewis Smith dam, and 
(3) Mulberry Fork downstream of Cordova (Corps, 1999b). The Inland Lake system has a 
storage capacity of 21 billion gallons and a safe yield of 47 mgd. The intake on the Sipsey 
Fork provides 75 mgd for public water supply. The BWWSB is allotted 85 mgd from the 
Mulberry Fork intake system (www.bwwsb.com). The proposed reservoir is geographically 
separated from the Lewis Smith Lake and Inland Lake watersheds; therefore, it could not 
cause any indirect or cumulative impacts on those water supplies. It has been demonstrated 
that the proposed reservoir would not significantly affect the hydrology of the Mulberry 
Fork and that there would be no downstream water quality impacts from the proposed 
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reservoir. Therefore, the proposed reservoir would not result in indirect or cumulative 
impacts to the BWWSB intake on the Mulberry Fork.  

4.2.4 Permitted Withdrawal Applications 
As of October 2004, no new water withdrawal permits have been filed or issued in the 
Upper Black Warrior headwaters basin. According to the Alabama Department of Economic 
and Community Affairs (ADECA), Office of Water Resources (OWR), no entity has filed a 
declaration of beneficial use (DBU), which is required to divert waters of the state. Other 
than the proposed reservoirs previously discussed, no other water supply projects are 
anticipated in the project area.  

4.2.5 Interbasin Transfer 
Limited interbasin transfer of water is likely to result from secondary growth in the project 
area. Less than 5 percent of the proposed water supply service area lies within the upper 
Flint Creek sub-watershed in the Tennessee River watershed, which abuts the Duck River 
sub-watershed. However, any such transfer would be minor (less than 1.6 mgd, which 
would be 5 percent of maximum withdrawal, assuming proportional demands) and would 
not result in cumulative impacts to aquatic species, water quality, or hydrology.  

4.3 Water Quality 
This section examines how the proposed Duck River reservoir could interact with external 
factors and affect water quality. External factors considered include population growth, 
domestic waste treatment, local infrastructure projects, and other proposed reservoir 
projects. 

4.3.1 Population Growth 
The area around Cullman is experiencing population growth and associated development 
that are expected to continue in the foreseeable future. The most recent census data indicate 
that Cullman County is one of the fastest growing rural counties in the state and is growing 
1.9 percent faster than the state average. Much of this growth results from migration into the 
county rather than increased birth rates (http://cber.cba.ua.edu/rbriefs/popgrwth.html). It 
is implicit in growth models that a sufficient water supply needs to be developed to support 
the projected industrial and population growth. While some additional growth, beyond that 
projected for the area, would likely result from the proposed Duck River reservoir, the bulk 
of the new water supply would be necessary to support the growth already projected for the 
region. Because the project would be developed as a water supply reservoir, buffers for the 
reservoir shoreline and use restrictions already developed and implemented for Lake 
Catoma (the existing raw water supply for the area) would be implemented and would help 
prevent future deterioration of water quality in the reservoir should induced growth occur 
in the region. Additional protection of water quality would be provided through 
implementation of CMWD’s watershed management plan (Corps, 1999a). For more detailed 
information on how water quality concerns will be addressed, refer to Section 2 of this 
Supplement. 
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4.3.2 Domestic Waste Treatment  
Much of the rural portion of the project area uses onsite septic systems for domestic waste. 
The Department of Health permits septic systems. CMWD would work with the 
Department of Health to ensure proper siting of on-site systems. As the project area 
experiences growth, there will be a trend away from on-site systems. Six of the 11 
municipalities in the project area are on sewer systems. The Dodge City sewer system began 
operations in 2004, and South Vinemont will have a sewer system in operation in 2005. The 
municipalities of Fairview, Holly Pond, and Baileytown are planning to construct a joint 
sewer system in the future. This shift to greater sewer service will reduce the potential for 
indirect impacts to water quality from onsite systems. 

4.3.3 Local Infrastructure Projects 
At present, numerous Alabama Department of Transportation (ALDOT) road improvement 
projects are planned for the region. These projects will proceed regardless of whether the 
reservoir is constructed. The City of Cullman plans upgrades to its water and sewer 
infrastructure, and these projects also will proceed regardless of whether the reservoir is 
built. These projects and other development projects in the surrounding area will involve 
land disturbance. However, environmental permitting, use of appropriate sediment and 
erosion controls during ground disturbing activities, incorporation of post-construction 
stormwater controls, and implementation of any required compensatory mitigation 
measures will assure that no substantial cumulative impacts to water quality and wetlands 
would result from these activities. 

4.3.4 Interaction with Other Proposed Reservoirs 
As discussed above, the Tom Bevill reservoir on the North River and a BWWSB reservoir on 
the Locust Fork are also proposed within the upper portion of the Black Warrior River basin 
within the timeframe for analysis. As with the Duck River reservoir, these two proposed 
reservoirs were largely intended to support future projected growth. Most reservoir projects 
result in some additional unpredicted growth that is related to the project itself. However, 
the multiple reservoirs in the upper portion of the Black Warrior River basin would allow 
any new growth to be distributed across northern Alabama rather than concentrated in one 
area or in sensitive watersheds such as that of the Cahaba. River Less intensive development 
would have lower potential to impact the environment than concentrated development. It 
also allows for more diversified compensatory mitigation should such mitigation be needed. 

4.4 Wetlands 
At present there are approximately 3.75 million acres of wetlands in Alabama (Dahl, 1990; 
Alabama Natural Resources Conservation Service, 2004). Most of these wetlands are 
associated with river systems, with less than 50,000 acres of coastal wetlands (Dahl, 1990). 
Areas with historic extensive wetlands did not occur in the project area prior to European 
settlement, but extensive wetland systems were formed along the lower reaches of the 
channel of the Black Warrior River (Keeland et al., 2004). Although the historic rate of 
wetland loss has slowed, total wetland acreage in Alabama continues to decline. 
Agricultural practices cause a continuing net loss of approximately 24,000 acres per year 
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(Alabama Natural Resources Conservation Service, 2004). Urban and suburban 
developments result in additional loss of wetland acreage (Dahl, 1990; Keeland et al., 2004). 
The proposed Duck River reservoir would impact only 1.32 acres of wetlands. Appropriate 
mitigation through a commercial mitigation bank has been proposed to fully compensate for 
impacts from this loss. Additionally, beneficial fringe wetlands would likely develop 
around some portions of the shore of the reservoir.  

The proposed Duck River reservoir is too distant from the proposed Tom Bevill and 
BWWSB reservoirs for there to be any interaction on induced growth. Induced growth at 
any one of these sites would not extend to any of the other proposed reservoirs in the Black 
Warrior River basin. 

Growth and development in the Cullman region, including incidental growth induced by 
the proposed reservoir, would be likely to impact small amounts of wetlands in the 
foreseeable future, but there are no large wetland areas in the region of the proposed Duck 
River reservoir likely to be impacted. Therefore, extensive cumulative impacts to wetlands 
are highly unlikely. Additionally, any growth-related impacts would require appropriate 
mitigation through the federal and state regulatory processes, which would offset 
unavoidable impacts to wetlands resulting from future projects in the region. No significant 
cumulative or indirect impacts to wetlands would be expected from the interaction of the 
proposed Duck River reservoir with past, present, or reasonably foreseeable future actions 
given two factors:  

• The compensatory mitigation that would be implemented and the similar compensatory 
mitigation that would likely be required for other future projects that could impact 
wetlands. 

• The extremely small amount of wetlands to be impacted by the project relative to the 
amount of wetlands remaining in Alabama (less than 0.0001 percent) and the rate of 
continuing wetland loss in Alabama (less than 0.01 percent of annual wetland loss). 

4.5 Stream Habitat 
The proposed Duck River project would cause some unavoidable impacts on aquatic 
resources, as described in the Environmental Consequences section of the 1999 EA (Corps, 
1999a). These impacts are primarily associated with the conversion of flowing stream 
habitat in the Duck River to open water lake habitat. However, these impacts would be 
offset by the proposed mitigation that would be required in the final Section 404 permit. 
This mitigation would minimize cumulative impacts to these resources.  

As noted in Section 3.1, the Duck River sub-watershed and the associated streams make up 
less than 0.1 percent of the total Black Warrior River basin. At present, approximately 
8.9 percent (399.14 river miles) of the original stream length within the Upper Black Warrior, 
Sipsey Fork, Locust Fork, and Mulberry Fork watersheds is impounded (Table 8). The three 
additional reservoirs proposed for construction in this area (Duck River, BWWSB, and Tom 
Bevill) would increase the total by 57.58 miles to 10.2 percent of stream length impounded. 
The proposed Duck River reservoir would account for approximately one-sixth of the 
1.3 percent increase in the four combined watersheds.  
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The increase in impounded stream length within the upper portion of the Black Warrior 
River basin resulting from the interaction of the Duck River project with past (existing 
reservoirs) and reasonably foreseeable future reservoirs (Tom Bevill and BWWSB reservoirs) 
is slight (1.3 percent). The incremental impact of the proposed Duck River reservoir would 
be 0.2 percent of the impounded river miles in the four watersheds. This slight increase, 
even when considered in conjunction with the other two proposed reservoirs, would not 
constitute a significant cumulative impact within the upper portion of the Black Warrior 
River Basin. 

TABLE 8 
Impounded Stream Miles in Upper Black Warrior, Sipsey Fork, Locust Fork, and Mulberry Fork Watersheds  
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Basin or Sub-Basin River Miles Existing 
Impounded 
River Miles 

Percentage 
Impounded 

Proposed 
Impounded 
River Miles 

Increase in 
Impounded 
Percentage 

Combined: Upper Black 
Warrior, Sipsey Fork, 
Locust Fork, and Mulberry 
Fork Watersheds 

4461.14 399.14 8.9 57.58 1.3 

Mulberry Fork Basin 1477.06 26.83 1.8 10.07 0.7 

Duck River Sub-Basin 71.41 0.00 0.0 10.07 14.1 

Data were compiled from GIS data layer for existing and proposed impoundments in these basins. Number of 
linear miles may differ from those in other published sources, but for comparative analysis all basins were treated 
equally. 

The Mulberry Fork watershed is less impounded than other three watersheds in the upper 
portion of the Black Warrior River basin (Table 8, 1.8 percent impounded versus 8.9 percent 
impounded). The proposed reservoir would increase the length of impounded stream miles 
by only 0.7 percent in the Mulberry Fork watershed, increasing the total length of 
impounded streams within the basin to 36.90 miles. This is proportionately less increase in 
impoundment within the Mulberry Fork watershed than would occur within the entire 
headwaters region from the three proposed reservoirs. The increase in impounded stream 
length within the Mulberry Fork watershed resulting from the interaction of the proposed 
Duck River reservoir with past (existing reservoirs) and reasonably foreseeable future 
reservoirs (none) is slight (less than 1 percent). This slight increase would not constitute a 
significant cumulative impact within the Mulberry Fork watershed. 

4.6 Protected Species 
Twenty-four species that are listed as threatened or endangered under the Endangered 
Species Act may occur in the upper portion of the Black Warrior River basin (Table 9). 
However, not all of these species occur in the Mulberry Fork watershed (HUC 03160109), 
and even fewer are likely to occur in the Duck River sub-watershed (Table 9). In addition to 
the listed species, the FWS has designated critical habitat for three threatened mussels and 
eight endangered mussels that occur in the Mobile River watershed, which includes 
portions of the Black Warrior basin (Figure 8) (69 FR 40084 (July 1, 2004).  
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None of the species listed in Table 7 were identified during previous field surveys of the 
project area and the potential for direct impacts to these species was discussed and 
eliminated in the EA, which concluded that no impacts to protected species or their critical 
habitats would result from the proposed Duck River reservoir. However, an updated review 
of the potential for cumulative impacts on protected species habitat was completed for this 
Supplement to the EA, with consideration given to potential interaction with the Tom Bevill 
and BWSSB reservoirs. 

TABLE 9 
Species Occurring in the Black Warrior River Watershed Listed as Threatened or Endangered under the Federal 
Endangered Species Act 
Supplement to Duck River Reservoir EA, Cullman, Alabama 

Scientific Name Common Name Status 

Medionidus acutissimus Alabama Moccasinhell Mussel T 
Thelypteris pilosa var. alabamensis Alabama Streak Sorus Fern T 
Haliaeetus leucocephalus Bald Eagle T 
Medionidus parvulus Coosa Moccasinshell Mussel E 
Pleurobema furvum Dark Pigtoe Pearly Mussel E 
Helianthus eggertii Eggert’s Sunflower T* 
Lampsilis altilis Fine-lined Pocketbook Mussel T 
Sternotherus depressus Flattened Musk Turtle T 
Myotis grisescens Gray Bat E 
Myotis sodalis Indiana Bat E 
Potamilus inflatus Inflated Heelsplitter Mussel T 
Sagittaria secundifolia Kral’s Water Plantain T 
Dalea foliosa Leafy Prairie Clover E 
Lampsilis perovalis Orange-nacre Mucket Mussel T 
Pleurobema perovatum Ovate Clubshell Mussel E 
Leptoxis plicata Plicate Rocksnail E 
Picoides borealis Red-cockaded Woodpecker E 
Pleurobema decisum Southern Clubshell Mussel E 
Quadrula stapes Stirrupshell Mussel E 
Ptychobranchus greeni Triangular Kidneyshell Mussel E 
Epioblasma othcaloogensis Upland Combshell Mussel E 
Etheostoma chermocki Vermilion Darter E 
Etheostoma bellator Watercress Darter E 
Mycteria Americana Wood Stork T 

E = Endangered, T = Threatened, T* = Threatened and Proposed for Delisting 

As shown in Figure 8, none of the designated critical habitat areas within the Black Warrior 
watershed are within or directly downstream from the proposed project area. All are on 
channels that are tributary to the channel carrying the direct flow from the Duck River sub-
watershed. None of the designated critical habitat areas within the Mobile River watershed 
are within or directly downstream of the proposed Duck River reservoir. Also, none of the 
designated critical habitat areas are near the project area, nor are they within the area that 
may experience secondary growth incidental to the proposed Duck River reservoir. Because 
the proposed Duck River reservoir, water released from the reservoir, and actions indirectly  
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resulting from the proposed Duck River reservoir would not extend into designated as 
critical habitats or areas upstream of designated critical habitats, there would be no indirect 
or cumulative impacts on the designated critical habitats for threatened and endangered 
mussels in the Black Warrior watershed or the Mobile River watershed. 

Indirect impacts to the gray bat and the Indiana bat are possible within the Duck River sub-
watershed. While not identified within the watershed in previous studies, these animals are 
capable of migrating hundreds of miles and could use portions of the Duck River 
watershed. The gray bat typically feeds on aquatic insects and forages along riparian 
corridors. The proposed reservoir could negatively impact the prey base of the gray bat by 
eliminating habitat where aquatic insects reproduce. Also, the Duck River and the tributary 
channels that would be inundated would be lost as potential foraging areas, which could 
result in reduced vitality or changes in activity patterns for the bat species. Indiana bats 
forage primarily on terrestrial insects and frequently forage along riparian corridors. 

While there would be a loss of potential foraging habitat along the Duck River and 
impounded streams, there are other foraging areas and other sources of prey within the 
Duck River sub-watershed, and these bat species would be able to forage in those areas. The 
loss of potential foraging areas and prey sources relative to the total prey sources and 
potential foraging areas available in the region (HUC 03160109) for each species would be 
minimal. The reservoir would impound only 1.57 percent of the Duck River sub-watershed, 
0.08 percent of the Mulberry Fork watershed, and only 0.02 percent of the land in the upper 
portion of the Black Warrior River basin. Given the small, de minimus footprint of the 
project, no cumulative impacts on these bat species would be expected.  

Cumulative impacts to other federally protected species would be unlikely. Minimum 
instream flows would be sufficient to provide aquatic habitat in the Duck River downstream 
of the proposed reservoir and the minimum flow releases would be designed to avoid 
adverse impacts on water downstream of the dam. Once this water joins the Mulberry Fork, 
a much larger river, any potential impacts would also be ameliorated by the flow of the 
larger river. Additionally, the Broglen River flows into the Mulberry Fork approximately 
4 miles downstream of its confluence with the Duck River, further ameliorating any 
potential impacts from the proposed reservoir. 

The recent changes to the protected species listings (Federal Register July 1, 2004, Volume 
69, Number 126) in the upper portion of the Black Warrior River basin specifically 
addressed the potential effects of the proposed Tom Bevill and BWWSB reservoir projects. 
Plans for the construction and management of the Tom Bevill reservoir on the North River 
have undergone consultation with the FWS under the Endangered Species Act on effects to 
the orange-nacre mucket and dark pigtoe. Based on the Biological Opinion (FWS, 1994), the 
agency concluded that construction of the Tom Bevill reservoir would not adversely modify 
critical habitat in the North River as long as appropriate measures outlined in the Biological 
Opinion were implemented. Regarding the BWWSB reservoir, the FWS determined that 
“the continued presence of the orange-nacre mucket and triangular kidneyshell in both the 
Cahaba River and Locust Fork, and the persistence of the fine-lined pocketbook in the 
Cahaba, indicates that constituent elements are present to a degree that allows for the 
survival of these and other mussel species.” In addition, the agency indicated that “the 
designated portions of the Cahaba River and the Locust Fork contain one or more of the 
primary constituent elements essential to the conservation of these mussels, including flow, 
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water quantity, geomorphic stability, substrates, etc. Because of the extent of habitat loss 
and fragmentation, both of these units are essential to the conservation of the species for 
which they are designated (Federal Register July 1, 2004, Volume 69, Number 126).” These 
findings suggest that implementation of the proposed Locust Fork project would 
independently impact the critical habitat of federally protected mussels. This determination 
by FWS would appear to reduce the likelihood of the proposed BWSSB reservoir being 
constructed. 

The proposed Duck River reservoir would not interact through hydrology or water quality 
with either of these other proposed reservoirs, the Tom Bevill and BWSSB reservoirs. 
Therefore, no cumulative or incremental effects to protected species or their designated 
critical habitat would result from implementation of the proposed Duck River reservoir. 

None of the listed species would be impacted directly by the project. Growth in the Cullman 
area would continue regardless of the proposed Duck River reservoir. Numerous ALDOT 
road improvement projects are planned, and they will proceed regardless of whether the 
reservoir is constructed. Cullman plans upgrades to its water and sewer infrastructure, and 
these projects will also proceed regardless of whether the reservoir is built. However, these 
projects and other future development would be required to comply with all state and 
federal environmental regulations, just as the proposed Duck River reservoir. That 
compliance, including any required compensatory mitigation, will assure that future 
development in the region will not adversely impact or jeopardize these species or their 
critical habitat.  

As discussed above, additional population growth will occur regardless of whether the 
proposed reservoir is constructed. Surface water wells in the area are not capable of 
producing sufficient water supply to support this growth. Absent the proposed Duck River 
reservoir, the Cullman area would have to import water from another watershed to meet 
future demands. The potential for secondary and indirect impacts to protected species or 
their prey base from installation of the infrastructure to support the import of water is likely 
to be greater than that from the proposed reservoir. 
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water quality 

Rich Reaves PhD 12 NEPA, protected species, wetlands, 
natural resource impacts 

Aditya Tyagi PhD, P.E. 12 Water resource management, 
hydrology, water quality modeling 

David Dunagan M.A. 25 Editing 

 

CH2M HILL staff were primarily responsible for the evaluation of hydrologic, protected 
species, and cumulative impacts, and assembly of the entire document. ERDC staff 
completed the evaluation of water quality impacts and prepared the primary elements in 
Section 2.0. 
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DISPOSITION: 
 [**1]  Plaintiff's Motion for Summary Judgment was 
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KARON OWEN BOWDRE, UNITED STATES 
DISTRICT JUDGE.   
 
OPINIONBY: 
KARON OWEN BOWDRE  
 
OPINION: 
 

 [*1247]  MEMORANDUM OPINION 
 

I. Introduction 

This case is before the court on Plaintiffs' Motion 
for Summary Judgment (Doc. # 29) and Defendants' 
Cross Motion for Summary Judgment (Doc. # 32). n1 
Plaintiffs, American Canoe Association, Inc., Alabama 
Rivers Alliance, Friends of the Mulberry Fork, and Wild 
Alabama, are environmental groups who object to the 
decision of the United States Army Corps of Engineers 
to issue a §  404 Clean Water Act n2 permit to the 
Cullman-Morgan Water District to construct a dam 
across the Duck River in Cullman [**2]  County, 
Alabama. Defendants are Thomas E. White, the 
Secretary  [*1248]  of the Army, and the United States 
Army Corps of Engineers ("COE"). 

 

n1 Plaintiffs' filed a brief titled "Plaintiffs' 
Motion for Summary Judgment" (Doc. # 29), but 
did not file a formal motion seeking summary 
judgment. At the hearing, the court noted this 
procedural deficiency and agreed to orally accept 
the brief as a motion for summary judgment. 

n2 33 U.S.C. §  1344(b)(1). 

 

Plaintiffs brought this action pursuant to the 
National Environmental Policy Act, 42 U.S.C. §  4321, 
et seq. ("NEPA"). Plaintiffs argue that the COE's 
decision to issue the permit was arbitrary and capricious. 
Plaintiffs ask this court to vacate the COE's decision to 
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issue the permit without conducting an Environmental 
Impact Statement ("EIS"), vacate the §  404 permit, and 
order the COE to perform an EIS for the project. In their 
Complaint Plaintiffs seek declaratory and injunctive 
relief. They ask the court, in essence, to [**3]  declare 
that the COE issued a permit for the Duck River Project 
in violation of NEPA and to vacate that permit. They 
also ask the court to enjoin the COE from allowing the 
Duck River Project to proceed until the COE prepares an 
EIS. 

The issues raised in the cross motions for summary 
judgment have been fully briefed by the parties. The 
court held a hearing on these motions on February 20, 
2003. After the hearing, the court allowed the parties to 
submit additional briefs on whether the COE took a hard 
look at the future water quality of the proposed 
impoundment and whether the COE took a hard look at 
the downstream effects of the proposed dam. On April 2, 
2003, Defendants submitted a post-argument 
memorandum addressing these issues (Doc. # 49). On 
April 24, 2003, plaintiffs submitted a response to 
defendants' memorandum (Doc. # 52). Thus, these 
motions are now ripe for decision. 

The issue before the court is whether the COE's 
decision to issue a Finding of No Significant Impact 
("FONSI") and a permit to build the dam, as opposed to 
first requiring the preparation of an EIS, was arbitrary 
and capricious. Upon due consideration, the court 
answers this question affirmatively. The court [**4]  
finds that the COE did not take a hard look at the 
cumulative effects of other proposed projects in the 
Black Warrior River Basin, the future water quality of 
the proposed reservoir, and the effect the proposed dam 
will have on the Mulberry Fork of the Black Warrior 
River. The court also finds that, even if the COE took a 
hard look at these environmental issues, the COE failed 
to make a convincing case for issuing a FONSI. 

Because the court concludes that the Administrative 
Record fails to address these environmental concerns, 
the court concludes that remand is necessary. Therefore, 
the court GRANTS in part Plaintiffs' Motion for 
Summary Judgment (Doc. # 29) insofar as plaintiffs' 
requested a remand to the COE and a declaration that the 
permit be vacated. However, the court denies all other 
relief requested by plaintiffs. Specifically, the court does 
not mandate that the COE conduct an EIS. On remand, 
the COE should take a hard look at the issues discussed 
below, reconsider its decision, and determine whether an 
EIS is required for the Duck River project. Defendants' 
Motion for Summary Judgment is DENIED. 

 
II. Facts and Procedural History n3 

 

n3 The facts set out below are gleaned from 
the parties' submissions of facts claimed to be 
undisputed, their respective responses to those 
submissions, and the court's own examination of 
the evidentiary record. All reasonable doubts 
about the facts have been resolved in favor of the 
nonmoving party. See Info. Sys. & Networks 
Corp. v. City of Atlanta, 281 F.3d 1220, 1224 
(11th Cir. 2002). These are the "facts" for 
summary judgment purposes only. They may not 
be the actual facts. See Cox v. Administrator 
United States Steel & Carnegie, 17 F.3d 1386, 
1400 (11th Cir. 1994). 

 
 [**5]   

The Cullman-Morgan Water District (the "Water 
District") was incorporated in July 1993 and is made up 
of Cullman  [*1249]  County and the southern portion of 
Morgan County. The Water District's major customer is 
the poultry industry. Cullman County alone produces 
more poultry than twenty-five individual states. The 
Water District's incorporation was an attempt to rectify a 
growing need for water to service the poultry industry 
and other industrial facilities in Cullman and Morgan 
counties. Currently, the Water District is served by Lake 
Catoma, a man-made reservoir. 

In 1994 and 1995, the Nashville District n4 of the 
COE prepared two reports which considered a minimum 
of fifteen options to satisfy the Water District's growing 
water needs. After preparing these reports, the COE 
selected the Duck River site as the preferred alternative. 
The preferred alternative is the construction of a dam on 
the Duck River that will create a reservoir for additional 
water capacity. This reservoir will flood 640 acres of 
land and will eliminate 5.7 linear miles of the Duck 
River, 3.2 miles of tributaries to the Duck River, and 
1.32 acres of forested wetlands. The Water District holds 
the permit to construct [**6]  the Duck River Dam. The 
reservoir is proposed to be used as a public water supply 
to meet emergency and future needs for Cullman County 
and portions of five surrounding counties. 

 

n4 Because the COE originally assumed that 
the source of additional water would lie within 
the Nashville District's civil works boundary, the 
Nashville District of the COE conducted the 
initial studies. However, because the proposed 
Duck River impoundment is located within the 
civil works boundary of the Mobile District of 
the COE, the Mobile District was the proper 
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District to process the Duck River permit 
application. The Mobile District is currently 
overseeing the project. Following the transfer of 
the project to the Mobile District, the Water 
District hired COE employees from the Nashville 
District as paid consultants. AR 2417. 

 

Section 404 of the Clean Water Act, 33 U.S.C. §  
1344, requires the COE to issue a permit for "the 
discharge of dredged or fill material" into navigable 
waters. Thus, a §  404 permit [**7]  is a prerequisite to 
the building of any dam. On March 22, 1996, The Water 
District applied to the Mobile District of the COE for a §  
404 permit to build the Duck River Dam. The COE 
issued a Draft Environmental Assessment ("EA") for the 
project in May, 1999. The Draft EA recommended the 
Duck River project as the preferred alternative and 
evaluated the potential environmental impacts of this 
alternative. The COE forwarded the Draft EA to several 
state and federal agencies. The Alabama Department of 
Environmental Management ("ADEM"), the Alabama 
Department of Conservation and Natural Resources 
("ADCNR"), the United States Environmental Protection 
Agency ("EPA"), the U.S. Fish and Wildlife Service 
("FWS"), and several environmental groups and 
individuals expressed concerns about the environmental 
impacts of the Duck River impoundment. These 
concerns included the loss of a free flowing stream, loss 
of wetlands, loss of fish and wildlife habitat, and the 
degradation of water quality in the proposed reservoir 
and downstream of the reservoir. 

In October 1999, the COE issued a Final EA for the 
project. The Final EA included the following mitigation 
measures added in response to the concerns [**8]  
voiced by the state and federal agencies: (1) minimum 
downstream flows from the Duck River reservoir were 
increased to levels recommend by the ADCNR; (2) 
annual releases were added for a canoe race on the 
Mulberry Fork; (3) a Watershed Management Plan was 
included; (4) Cullman County donated $ 120,000 to the 
Cullman County Soil and Water Conservation District to 
hire a full time employee to manage ongoing efforts to 
improve water quality in the Duck River; (5) water 
quality  [*1250]  and biological monitoring programs 
were established to obtain base line criteria for 
evaluating pre- and post-impoundment conditions; and 
(7) a management plan for a reservoir buffer for old 
growth forest was added. 

Following the issuance of the Final EA, the EPA 
and the FWS expressed further concerns about the 
impacts of the dam on the downstream portion of the 
Duck River. However, on January 4, 2000, the FWS 

notified the COE that despite its concerns over the 
project, it would not request a higher level review of the 
proposed permit. Similarly, on January 24, 2000, the 
EPA decided not to elevate its review of the project. 

On January 28, 2000, the COE issued a FONSI and 
a §  404(b)(1) evaluation of the project.  [**9]  The 
FONSI concluded that the proposed project would not 
have significant adverse effects on the quality of the 
human environment. Thus, on February 1, 2000, the 
COE issued a §  404 permit to the Water District. The 
permit authorized the Water District to discharge 12,500 
cubic yards of rock and earth fill into the Duck River to 
construct a dam and a 640 acre reservoir. 

On April 10, 2000, plaintiffs filed this action. 
Plaintiffs generally argue that the COE's decision to 
issue the FONSI and the permit, as opposed to requiring 
the preparation of an EIS, was arbitrary and capricious. 
On March 2, 2001, plaintiffs moved for summary 
judgment and asked the court to vacate the COE's 
FONSI and issue an order requiring the COE to prepare 
an EIS. On March 30, 2001, defendants filed a cross-
motion for summary judgment, asking this court to find 
that the permit is valid and that the COE complied with 
NEPA. On August 13, 2002, this case was reassigned to 
the undersigned judge. 

 
III. Legal Standards 

1. Statutory Standards 

"The 'object of NEPA is to require federal agencies 
to consider environmental values when making decisions 
[and] the initial responsibility of the federal agency 
[**10]  is to determine the extent of the environmental 
impact.'" Hill v. Boy, 144 F.3d 1446, 1449 (11th Cir. 
1998) (quoting C.A.R.E. Now, Inc. v. Federal Aviation 
Admin., 844 F.2d 1569, 1572 (11th Cir. 1988)). "The 
National Environmental Policy Act of 1969, 42 U.S.C. § 
§  4321-4370d, is not a substantive environmental statute 
which dictates a particular outcome if certain 
consequences exist. Instead, NEPA creates 'a particular 
bureaucratic decisionmaking process.'" Sierra Club v. 
United States Corps of Eng'rs, 295 F.3d 1209, 1214 
(11th Cir. 2002) (quoting Robertson v. Methow Valley 
Citizens Council, 490 U.S. 332, 349, 104 L. Ed. 2d 351, 
109 S. Ct. 1835 (1989)). 

Section 102(2) of NEPA, 42 U.S.C. §  4332(2)(C), 
contains a Congressional mandate that a federal agency 
consider the environmental impact, and potential 
alternatives, for every proposed "major Federal action 
significantly affecting the quality of the human 
environment." It is an "action-forcing" provision 
designed to prevent agencies from acting on incomplete 



Page 4 
277 F. Supp. 2d 1244, *; 2003 U.S. Dist. LEXIS 14536, ** 

information and to "ensure[] that important effects will 
not [**11]  be overlooked or underestimated only to be 
discovered after resources have been committed or the 
die otherwise cast." United States Corps of Eng'rs, 295 
F.3d at 1214 (quoting Robertson, 490 U.S. at 349). 

To determine whether an action may have 
significant environmental impacts, and therefore require 
an EIS, an agency is required to comply with regulations 
promulgated by the Federal Council on Environmental 
Quality ("CEQ"). 40 C.F.R. §  1500.3 [*1251]  ; Hill, 
144 F.3d at 1450. The CEQ regulations direct federal 
agencies to first prepare an EA that "provides sufficient 
evidence and analysis for determining whether to prepare 
an environmental impact statement or a finding of no 
significant impact."" 40 C.F.R. §  1508.9(a)(1) (2002). 
"Thus, an agency will reach one of two conclusions in an 
EA: 'either that the project requires the preparation of an 
EIS to detail its environmental impact, or that the project 
will have no significant impact ... necessitating no 
further study of the environmental consequences which 
would ordinarily be explored further through an EIS." 
Hill, 144 F.3d at 1450 [**12]  (quoting Sabine River 
Auth. v. United States Dep't of Interior, 951 F.2d 669, 
677 (5th Cir. 1992)). If the agency makes the latter 
conclusion, as in the instant case, the agency must issue 
a FONSI explaining why the action will have no 
significant impact on the environment. 40 C.F.R. § §  
1501.4(e), 1508.13. 

Plaintiffs challenge the COE's decision to issue a 
FONSI and to not prepare an EIS and argue that its 
decision was arbitrary, capricious, and violative of the 
Administrative Procedure Act ("APA"). See 5 U.S.C. §  
706 (2)(A)(C). The Eleventh Circuit holds that courts 
must review an agency's decision not to prepare an EIS 
under an "arbitary and capricious" standard of review. 
Hill, 144 F.3d at 1450. In applying this standard, a 
district court gives deference to the agency and refrains 
from substituting its own judgment for that of the 
agency. United States Corps of Eng'rs, 295 F.3d at 1216 
(citing Motor Vehicle Mfrs. Ass'n of the U.S., Inc. v. 
State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43, 77 L. 
Ed. 2d 443, 103 S. Ct. 2856 (1983)). However, the court 
has a duty to [**13]  look beyond the scope of the 
decision itself to the relevant factors that the agency 
considered. "This duty requires the court to consider not 
only the final documents prepared by the agency, but 
also the entire administrative record." United States 
Corps of Eng'rs, 295 F.3d at 1216 (citation omitted). 

The Eleventh Circuit has adopted four criteria that a 
court should consider in determining whether an 
agency's decision not to prepare an EIS is arbitrary and 
capricious: 

 
First, the agency must have accurately identified the 
relevant environmental concern. Second, once the 
agency has identified the problem it must have taken a 
"hard look" at the problem in preparing the EA. Third, if 
a finding of no significant impact is made, the agency 
must be able to make a convincing case for its finding. 
Last, if the agency does find an impact of true 
significance, preparation of an EIS can be avoided only 
if the agency finds that changes or safeguards in the 
project sufficiently reduce the impact to a minimum. 
 
Hill, 144 F.3d at 1450 (citations omitted). In determining 
whether an agency has met the second step of this 
process and taken a "hard look" [**14]  at relevant 
environmental problems, the Eleventh Circuit offers the 
following guidance: 
 
An agency has met its "hard look" requirement if it has 
"examined the relevant data and articulated a satisfactory 
explanation for its action including a 'rational connection 
between the facts found and the choice made.'" Motor 
Vehicle Mfrs. [Ass'n v. State Farm Mut. Auto. Ins. 
Co.463 U.S. at 43, 103 S. Ct. at 2866], . The court will 
overturn an agency's decision as arbitrary and capricious 
under "hard look" review if it suffers from one of the 
following: (1) the decision does not rely on the factors 
that Congress intended the agency to consider; (2) the 
agency failed entirely to consider an important aspect of 
the problem; (3) the agency offers an explanation which 
runs counter  [*1252]  to the evidence; or (4) the 
decision is so implausible that it cannot be the result of 
differing viewpoints or the result of agency expertise. 
Id., 103 S. Ct. at 2867. If the court finds deficiencies in 
the agency's reasoning, it may not rectify them or 
provide a reasoned basis for the agency decision which 
the agency itself has not articulated. Id., 103 S. Ct. at 
2867. [**15]  Instead, it must remand to the agency so 
that it may reconsider its own reasoning and decision. 
 
United States Corps of Eng'rs, 295 F.3d at 1214. 

When reviewing a final agency action under the 
APA, the scope of the court's review is properly limited 
to the administrative record that was before the agency 
when it made its decision. Florida Power & Light Co. v. 
Lorion, 470 U.S. 729, 743, 84 L. Ed. 2d 643, 105 S. Ct. 
1598 (1985); Pollgreen v. Morris, 770 F.2d 1536, 1545 
(11th Cir. 1985). "The role of the court in reviewing the 
sufficiency of an agency's consideration of 
environmental facts is limited both by the time in which 
the decision was made and by the statute mandating 
review." Fund for Animals v. Rice, 85 F.3d 535, 546 
(11th Cir. 1996). Thus, in analyzing the COE's action, 
the court only considers the Administrative Record that 



Page 5 
277 F. Supp. 2d 1244, *; 2003 U.S. Dist. LEXIS 14536, ** 

was filed in this case. The court disregards any evidence 
that was filed by the parties and any arguments that were 
made at the hearing that relied on evidence outside the 
record and instead focuses on the Administrative Record. 

Where the initial level of judicial review of agency 
[**16]  action lies in a district court, the district court 
does not act as a fact-finder. Florida Power & Light Co., 
470 U.S. at 744. Instead, "the task of the reviewing court 
is to apply the appropriate APA standard of review, 5 
U.S.C. §  706, to the agency decision based on the record 
the agency presents to the reviewing court." Florida 
Power & Light Co., 470 U.S. at 743-44. Thus, the only 
issue before this court is whether the COE's decision not 
to issue a FONSI and not to prepare an EIS for the Duck 
River project was an arbitrary and capricious action in 
violation of the APA. 

2. Summary Judgment Standard 

This case is before the court on cross-motions for 
summary judgment filed pursuant to Rule 56 of the 
Federal Rules of Civil Procedure. When a district court 
reviews a motion for summary judgment under Rule 56, 
it must determine two things: (1) whether any genuine 
issues of material fact exist; and, if not, (2) whether the 
moving party is entitled to judgment as a matter of law. 
Fed. R. Civ. P. 56(c). To succeed, the moving party 
bears the burden of establishing both prongs of the 
summary judgment test. The nonmoving party [**17]  
may defeat the motion for summary judgment by 
establishing either genuine issues of material fact or that 
the movant is not entitled to judgment as a matter of law. 

The moving party "always bears the initial 
responsibility of informing the district court of the basis 
for its motion, and identifying those portions of 'the 
pleadings, depositions, answers to interrogatories, and 
admissions on file, together with the affidavits, if any,' 
which it believes demonstrate the absence of a genuine 
issue of material fact." Celotex Corp. v. Catrett, 477 U.S. 
317, 323, 91 L. Ed. 2d 265, 106 S. Ct. 2548 (1986) 
(quoting Fed. R. Civ. P. 56). The party seeking summary 
judgment can meet this burden by offering evidence 
showing no dispute of material fact or by showing that 
the nonmoving party's evidence fails to meet some 
element of its case on which it bears the ultimate burden 
of proof. Celotex, 477 U.S. at 322-23. Rule 56,  [*1253]  
however, does not require "that the moving party support 
its motion with affidavits or other similar materials 
negating the opponent's claim." Celotex, 477 U.S. at 323. 

When the moving party has met his burden, Rule 
[**18]  56(e) "requires the nonmoving party to go 
beyond the pleadings and by [his] own affidavits, or by 
the 'depositions, answers to interrogatories, and 
admissions on file,' designate 'specific facts showing that 

there is a genuine issue for trial.'" Celotex, 477 U.S. at 
324 (quoting Fed. R. Civ. P 56 (e)). The responding 
party does not need to present evidence in a form 
admissible at trial; "however, he may not merely rest on 
his pleadings." Celotex, 477 U.S. at 324. "The plain 
language of Rule 56(c) mandates the entry of summary 
judgment, after adequate time for discovery and upon 
motion, against a party who fails to make a showing 
sufficient to establish the existence of an element 
essential to that party's case, and on which that party will 
bear the burden of proof at trial." Celotex, 477 U.S. at 
322. 

In responding to a properly-supported motion for 
summary judgment, the non-moving party "must do 
more than simply show that there is some metaphysical 
doubt as to the material fact." Matsushita Elec. Indus. 
Co., Ltd. v. Zenith Radio Corp., 475 U.S. 574, 586, 89 L. 
Ed. 2d 538, 106 S. Ct. 1348 (1986). If the evidence 
[**19]  is "merely colorable, or is not significantly 
probative, summary judgment may be granted." 
Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 249-50, 
91 L. Ed. 2d 202, 106 S. Ct. 2505 (1986) (citations 
omitted); accord Spence v. Zimmerman, 873 F.2d 256 
(11th Cir. 1989). 

Substantive law determines which facts are material 
and which are irrelevant. Anderson, 477 U.S. at 248. A 
dispute is genuine "if the evidence is such that a 
reasonable jury could return a verdict for the nonmoving 
party." Anderson, 477 U.S. at 248. Issues of fact are 
"'genuine' only if a reasonable jury considering the 
evidence presented could find for the nonmoving party." 
Anderson, 477 U.S. at 249. Material facts affect the 
outcome of the trial under governing law. Anderson, 477 
U.S. at 248. To determine whether a material fact exists, 
the court must consider all the evidence in the light most 
favorable to the nonmoving party. Anderson, 477 U.S. at 
249; Patton v. Triad Guar. Ins. Corp., 277 F.3d 1294, 
1296 (11th Cir. 2002); Witter v. Delta Airlines, Inc., 138 
F.3d 1366, 1369 (11th Cir. 1998). [**20]   

After both parties have addressed the motion for 
summary judgment, the court must grant the motion if no 
genuine issues of material fact exist and if the moving 
part is entitled to judgment as a matter of law. Fed. R. 
Civ. P. 56(c). In reviewing the evidence submitted, the 
court must "view the evidence presented through the 
prism of the substantive evidentiary burden," to 
determine whether the nonmoving party presented 
sufficient evidence on which the jury could reasonably 
find for the nonmovant. Anderson, 477 U.S. at 254; 
Cottle v. Storer Communication, Inc., 849 F.2d 570, 575 
(11th Cir. 1998). The court should not weigh the 
evidence or make determinations as to the credibility of 
witnesses because these decisions are within the 
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province of the jury. See Anderson, 477 U.S. at 255; 
Stewart v. Booker T. Washington Ins. Co., 232 F.3d 844, 
848 (11th Cir. 2000); Graham v. State Farm Mut. Ins. 
Co., 193 F.3d 1274, 1282 (11th Cir. 1999). Thus, "the 
evidence of the nonmovant is to be believed and all 
justifiable inferences are to be drawn in his favor." 
Anderson, 477 U.S. at 255. [**21]  "The nonmovant 
need not be given the benefit of every  [*1254]  
inference but only of every reasonable inference." 
Graham, 193 F.3d at 1282 (quoting Brown v. City of 
Clewiston, 848 F.2d 1534, 1540 n.12 (11th Cir. 1988)). 

 
IV. Discussion 

Plaintiffs make two primary challenges to the COE's 
issuance of the permit. First, they argue that the COE 
failed to take a "hard look" at the environmental impacts 
of the Duck River dam. Second, plaintiffs argue that, 
even assuming the COE took the requisite hard look at 
these environmental impacts, the COE failed to make a 
"convincing case" for its finding of no significant 
environmental impact for the proposed project. 

At oral argument and in their post-hearing brief, 
defendants stated that the COE concluded its review of 
the Duck River project with a FONSI, thereby 
implicating the third step of the Hill v. Boy framework. 
Thus, defendants argued that this court should only 
consider whether the COE made a convincing case for 
issuing the FONSI. However, defendants also argued in 
their post-hearing brief that should the court find that 
defendants failed to make a convincing case for issuing 
the FONSI, the court [**22]  should then move to the 
fourth step and consider whether the COE included 
sufficient safeguards in the permit to reduce any 
significant environmental impacts to a minimum. The 
court is not persuaded by this alternative reasoning. 

Because defendants have consistently argued that 
they issued a FONSI based on a finding of no significant 
environmental impact-not that they included sufficient 
safeguards to ameliorate any significant impacts-the 
court finds that the proper question before the court is 
whether defendants met steps two and three of the Hill v. 
Boy framework. Therefore, the court considers whether 
the COE took a hard look at the relevant environmental 
problems and whether the COE made a convincing case 
for its FONSI. 

The court recognizes that its review of the COE's 
agency action must be narrow and must presume the 
agency action valid. However, "a court can only uphold 
the decision of an administrative agency on those 
grounds 'upon which the record discloses that its action 
was based.'" America's Cmty. Bankers v. FDIC, 339 U.S. 
App. D.C. 364, 200 F.3d 822, 935 (D.C. Cir. 2000) 

(quoting SEC v. Chenery Corp., 318 U.S. 80, 87, 87 L. 
Ed. 626, 63 S. Ct. 454 (1943)). [**23]  "Courts are not 
commissioned to remake administrative determinations 
on different bases than those considered and relied upon 
by the administrative agencies charged with the making 
of those decisions." America's Cmty. Bankers, 200 F.3d 
at 935. 

Plaintiffs argue that the COE failed to take a hard 
look at (1) the need for a dam to supply water to the 
Water District; (2) the impacts of reduced flows 
downstream of the dam; (3) the future condition of the 
Duck River reservoir; and (4) the cumulative impacts of 
the proposed dam and other existing and planned water 
supply projects in the Black Warrior Basin. In assessing 
whether defendants took a hard look at these 
environmental issues, the court examines whether (1) the 
decision relies on the factors that Congress intended the 
agency to consider; (2) the agency failed to consider an 
important aspect of the problem; (3) the agency offers an 
explanation that runs counter to the evidence; or (4) the 
decision is so implausible that it cannot be the result of 
differing viewpoints or the result of agency expertise. 
United States Corps of Eng'rs, 295 F.3d at 1214. 

As an initial matter, the court finds that the [**24]  
COE adequately addressed the need for an additional 
water source for the  [*1255]  Water District and that the 
COE took the requisite hard look at this need. In the EA 
the COE predicted that residential, commercial, and 
industrial demand for water in the Water District will 
dramatically increase in the next few decades. n5 A 
primary reason for this projected increase is the 
continued growth of industrial poultry farming in this 
area. n6 Although Cullman County accounts for less 
than 2% of Alabama's land area, its farm income 
represents 14.2% of the state total. n7 The Phase II Study 
conducted by the COE in 1995 projected that the 
existing source of water for the Water District, Lake 
Catoma, will reach its capacity by 2005-2007. n8 Based 
on these projections and studies, the court cannot say 
that the COE failed to take a hard look at the need for an 
additional water source for the Water District. Indeed, 
the court acknowledges that the need for an additional 
source of water for the District presents a real need that 
must be addressed, but the need alone fails to support the 
COE's decision. 

 

n5 AR 1600-01. [**25]   

n6 AR 1601. 

n7 AR 1601. 

n8 AR 1622. 
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Plaintiffs' most fact-intensive arguments focus on 
two issues: (1) whether the COE took a hard look at the 
cumulative impacts of other proposed reservoirs in the 
Black Warrior Basin, the future condition of the Duck 
River reservoir, and the reduced flows downstream of 
the dam; and (2) whether the COE made a convincing 
case for its FONSI. 

A. The Cumulative Effects of Other Proposed 
Projects 

CEQ regulations provide a valuable analytical 
framework for evaluating how cumulative impacts are to 
be addressed in an EA. See Town of Cave Creek v. FAA, 
355 U.S. App. D.C. 420, 325 F.3d 320, 328 (D.C. Cir. 
2002) (finding that regulations require the agency to 
consider the cumulative environmental impacts of any 
proposed action) (citing 40 C.F.R. §  1508.8); Kern v. 
United States Bureau of Land Mgmt., 284 F.3d 1062, 
1076-77 (9th Cir. 2002) (noting that, although the CEQ 
regulations only require that the agency preparing the 
EA consider cumulative impacts in its EA, the Third, 
Eighth, and Ninth Circuit Courts of Appeal [**26]  often 
require that the EA include a discussion of the 
cumulative impact analysis) (citing Soc'y Hill Towers 
Owners' Ass'n v. Rendell, 210 F.3d 168, 180 (3d Cir. 
2000); Newton County Wildlife Ass'n v. Rogers, 141 
F.3d 803, 809 (8th Cir. 1998)). 

Although the Eleventh Circuit has not specifically 
held that the agency must include a discussion of 
cumulative impacts analysis in its EA, the regulation 
cited above clearly requires the agency to at least 
consider cumulative impacts. Unless the COE discusses 
the cumulative impact, a reviewing court cannot 
determine whether the agency complied with the 
regulatory mandate that it consider cumulative impacts. 
When an EA concludes with a FONSI, as in the instant 
case, the agency is required to briefly explain why an 
action will not have a significant impact on the human 
environment. 40 C.F.R. §  1508.13. "Although the 
impact of a particular project may be inconsequential 
when considered in isolation, if the cumulative impact of 
a given project and other planned projects is significant, 
an applicant can not simply prepare an EA for its project, 
issue a FONSI, and ignore the overall impact [**27]  of 
the project on a particular [area]." Soc'y Hill Towers 
Owners' Ass'n, 210 F.3d at 180 (citing 40 C.F.R. §  
1508.27(b)(7)). The CEQ regulations define a 
"cumulative impact" as an "impact on the environment 
which results from the incremental impact  [*1256]  of 
the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what 
agency (Federal or non-Federal) or person undertakes 

such other actions." 40 C.F.R. 1508.7. "Cumulative 
impacts can result from individually minor but 
collectively significant actions taking place over a period 
of time." 40 C.F.R. 1508.7. 

Plaintiffs argue that the COE failed to take a hard 
look at the cumulative impacts of the proposed dam and 
other existing and planned water supply projects in the 
Black Warrior River Basin. Plaintiffs point out that the 
EPA raised this issue in 1996 and recommended "that 
the Corps begin a state wide initiative to address water 
needs and develop a statewide plan to address these 
needs in the least environmentally damaging manner." 
n9 Plaintiffs also note that the COE failed to develop this 
statewide plan [**28]  and that the EPA's final comments 
about the EA stated that it "does not address the issues 
and concerns raised in our letters," including "questions 
on the cumulative impacts of the various reservoirs that 
currently exist in the Black Warrior River drainage 
basin." n10 

 

n9 AR 510. 

n10 See, AR 2235. The U.S. Fish and 
Wildlife Service voiced similar concerns in a 
May 7, 1996 letter to the COE: "The Service is 
not only concerned about the direct impacts of 
this single reservoir but the cumulative impacts 
of other similar projects. Several reservoirs are 
currently in the Black Warrior drainage basin and 
five new sites (Locust Fork, tributary to Locust 
Fork, Fayette County, Lamar County and Duck 
River) including this one are being proposed. The 
potential cumulative impacts of these dams have 
not been adequately addressed by the appropriate 
agencies." AR 476. 

 

Defendants counter that "Section 5.2 of the Final EA 
discusses, at length, cumulative and indirect impacts of 
the project." Doc. # 33 at 23. Section 5.2 [**29]  of the 
EA is titled "Cumulative and Indirect (Secondary) 
Impacts to North Central Alabama" and includes four 
sections. n11 However, only section 5.2.2, 
"Impoundment Development," discusses the cumulative 
impact of the proposed project with other proposed 
projects in North Central Alabama. The only paragraph 
within section 5.2.2 that addresses this issue states: 

 
In recent years, several projects in the North Central 
Alabama area have been proposed. They include the 
Tom Bevill Reservoir on North River above Lake 
Tuscaloosa in Fayette County, an impoundment project 
by the Birmingham Water Works Board on the Locust 



Page 8 
277 F. Supp. 2d 1244, *; 2003 U.S. Dist. LEXIS 14536, ** 

Fork of the Black Warrior in Blount County and a 
project in Lamar County on a stream located in the 
Tombigbee River Watershed. Currently only the Tom 
Bevill Reservoir project has a DOA permit. No permit 
application has been filed for the Locust Fork project 
and according to the Birmingham Water Works Board 
(Ponstein, 1999) they do not intend to actively pursue the 
project for at least 10 years. The proposed Lamar County 
project was dropped from consideration because of 
potential environmental impacts. n12 
 

n11 AR 1651-54. [**30]   

n12 AR 1652. 

 

Defendants also argue that section 5.3 of the EA 
evidences a hard look at the cumulative impacts of the 
project. The pertinent part of section 5.3 reads as 
follows: 

 
As discussed in Section 5.2.2, several other reservoir 
projects have been proposed in the North Central 
Alabama area. Only one of these projects has a current 
DOA permit while the others have been postponed or 
cancelled. Depending upon withdrawals from these 
proposed projects and if they are all constructed there 
could be impacts to the flows in area streams. However,  
[*1257]  based upon the releases and Watershed 
Management Plan proposed by the Applicant, impacts to 
the drainage basin from construction and operation of the 
Duck River Impoundment will be minimal. 
 
AR 1654-55. Based on the above-cited language from 
the EA, defendants contend that they took a hard look at 
these proposed projects and concluded that "the 
cumulative impacts of [the Duck River Reservoir] and 
other projects will not result in a major impairment of 
the water resources nor interfere with the productivity 
and water quality of existing aquatic [**31]  
ecosystems." n13 
 

n13 AR 2441. 

 

After engaging in an exhaustive review of the 
Administrative Record, the court has real concerns about 
whether the COE took a hard look at the cumulative 
impacts of the project. The most logical cumulative 
impact for the Duck River project would come from the 
proposed impoundment on the Locust Fork, as this 
proposed impoundment is located within the Black 
Warrior River Basin and is only thirty miles from the 

proposed impoundment on the Duck River. Interestingly, 
the Administrative Record indicates that the COE 
initially intended to conduct an environmental impact 
study on the Duck River project because of the 
cumulative problems that would result from building 
reservoirs on both the Duck River and the Locust Fork. 

In a February 24, 1994, Memorandum to the Chief 
of the Mobile Operations Division, Davis L. Findley, the 
Acting Chief of the Regulatory Branch for the Mobile 
Division, stated: 

 
Several alternatives and reservoir sites were studied, but 
two sites will be recommended [**32]  to the county. 
The original site on Flint Creek is in the Nashville 
District. The second site is on Duck Creek in the Mobile 
District. Nashville's Planning Division and the 
Appalachian Regional Commission (funding agency-$ 5 
million) have decided an EIS is required, and Nashville 
will be starting the EIS in the next few weeks. If the 
County selects the Mobile District site we need to 
coordinate the EIS with Nashville. The Mobile District 
site (Duck Creek) is about 30 miles from the proposed 
Birmingham reservoir site and within the Section 22 
Black Warrior headwaters study area. The study will 
have to address this project if Duck Creek is selected. 
n14 (emphasis added). 
 
Despite this statement from the Acting Chief of the 
Regulatory Branch for the Mobile District, the COE 
ultimately issued a FONSI based on its assumption that 
the Locust Fork project had been postponed "for at least 
ten years." n15 Thus, the COE's conclusory statement 
that "the cumulative impacts of [the Duck River 
Reservoir] and other projects will not result in a major 
impairment of the water resources," was not based on 
any studies of the environmental impacts of building 
both the Locust Fork project [**33]  and the Duck River 
project but on the COE's assumption that the Locust 
Fork project would not be built for at least a decade and, 
thus, did not deserve consideration in the EA. n16 
 

n14 AR 3. 

n15 AR 1652. 

n16 AR 2441. 

 

In Hill v. Boy, 144 F.3d 1446, 1451 (11th Cir. 
1998), the Eleventh Circuit remanded an EA to the COE 
because the COE did not take a hard look at the potential 
environmental consequences of a petroleum pipeline 
remaining underneath a proposed reservoir. The court 
remanded the EA because the record did "not support the 
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Corps' assumption that the pipeline will  [*1258]  be 
relocated and because ... the Corps' failed to adequately 
consider the environmental impact of the pipeline 
remaining underneath the proposed reservoir." Hill, 144 
F.3d at 1451 (emphasis added). The assumption made in 
Hill--namely that the pipeline would be removed and 
therefore, was not an environmental problem--is similar 
to the COE's assumption in the case that the Locust Fork 
project will [**34]  not take place for at least a decade, 
and thus, was not an environmental problem that needed 
to be examined by the agency. This conclusory 
assumption is not supported by any evidence in the 
Administrative Record. Instead, it is based solely on a 
1999 representation by the Birmingham Water Works 
Board that it does not intend to pursue the Locust Fork 
project for ten years. 

In Hill, the Eleventh Circuit explicitly declined to 
address the issue of whether newly proffered evidence 
can be considered by a court when reviewing agency 
action. 144 F.3d at 1446 n.11. The court did not address 
this issue because it found that remand was necessary 
because the record before the COE did not support the 
assumption that the pipeline would be relocated. See 
Hill, 144 F.3d at 1451 (noting that "a reviewing court 
may remand a case to the agency for additional 
investigation or explanation 'if the record before the 
agency does not support the agency action, if the agency 
has not considered all relevant factors, or if the 
reviewing court simply cannot evaluate the challenged 
agency action on the basis of the record before it") 
(quoting Florida Power & Light Co., 470 U.S. at 744.) 
[**35]  However, the appellate court did note that the 
COE did not dispute the newly proffered evidence 
offered by the plaintiffs that the pipeline was not going 
to be removed. Hill, 144 F.3d at 1446 n11.  

This court also does not reach the question of 
whether newly proffered evidence can be considered 
when reviewing agency action. Like the court in Hill, 
this court finds that the COE's assumption that the 
Locust Fork project will not take place for a decade is a 
conclusory assumption not supported by the record. The 
record contains no studies of the Locust Fork project and 
no evidence that the cumulative impacts of the Locust 
Fork project and the Duck River project would be 
insignificant. Indeed, the record indicates that COE 
personnel were aware that the cumulative impacts of 
these two projects should be addressed in an EIS. n17 
The COE's reasoning that, because the Locust Fork 
project will not be built for "at least a decade," it was not 
an issue worthy of examination is contrary to the CEQ 
regulations governing the agency's actions. See 40 
C.F.R. §  1508.27(b)(7) (stating that for NEPA purposes 
"significance exists if it is reasonable [**36]  to 

anticipate a cumulatively significant impact on the 
environment"). Thus, the court finds that the COE failed 
to take a hard look at these cumulative impacts with the 
information that was before the agency at the time it 
made its decision. 

 

n17 AR 3. 

 

However, even if the court were to assume that the 
COE took a hard look at the cumulative impacts, the 
court finds that the agency failed to make a "convincing 
case" for its FONSI. The agency's blanket statement that 
a ten-year delay for the Locust Fork project eliminates 
any cumulative environmental problems for the Black 
Warrior River Basin is illogical and conclusory. The 
COE's assumption is clearly unwarranted based on its 
original assessment that indicated that the cumulative 
impacts of the Locust Fork project must be studied and 
that an EIS must be issued for the Duck River project. 
n18 Furthermore,  [*1259]  the record is completely 
devoid of any evidence that the Birmingham Water 
Works Board has abandoned the Locust Fork project. To 
the contrary, the record indicates [**37]  that the Locust 
Fork project will ultimately be pursued. n19 (stating that 
the Locust Fork project will not be "actively" pursued 
until 2009). 

 

n18 AR 3. 

n19 AR 1652. 

 

In determining whether a remand is necessary, the 
court must "address the question of whether the issuance 
of the Corps' EA would be arbitrary and capricious based 
on the opposite assumption" that the Locust Fork project 
will be built. See Hill, 144 F.3d at 1451. The COE failed 
to take a hard look at the Locust Fork project in 
preparing the EA and failed to assess the potential 
adverse environmental impacts resulting from the 
construction of both the Duck River project and the 
Locust Fork project. The COE assumed that because the 
Locust Fork project had not been permitted and had been 
postponed until 2009, it need not be studied to determine 
whether the Duck River project will have significant 
adverse environmental impacts on the quality of the 
human environment. In making this assumption, the 
COE failed to identify the environmental [**38]  
concerns that would arise if the Locust Fork project were 
in fact pursued. 
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Because the court concludes that the record does not 
support--and ultimately fails to address--the COE's 
assumption that the Locust Fork project poses no 
cumulative impacts that must be addressed by the 
agency, the court finds that a remand is necessary. n20 
On remand, the COE should consider whether the Locust 
Fork project will ultimately be built and, if so, whether 
the presence of the Locust Fork reservoir necessitates the 
preparation of an EIS for the Duck River project. n21 

 

n20 Although the court finds that remand is 
required because the COE failed to take a hard 
look at the cumulative impacts of the Locust Fork 
project and failed to make a convincing case for 
its FONSI as a result of this failure, the court also 
addresses the other arguments made by plaintiffs 
so that the agency may address all of these 
concerns on remand. 

n21 The court also notes that the record 
contains no substantive discussion of whether the 
proposed Tom Bevill Reservoir will have any 
cumulative impacts on the area. The Tom Bevill 
project is the only proposed project that had 
received a permit from the COE at the time of the 
EA. Although the Tom Bevill project is not 
located as close to the Duck River as the Locust 
Fork Project, the court questions why the Tom 
Bevill project was not addressed in the EA. To 
avoid a future challenge that the COE failed to 
take a hard look at the Tom Bevill project, the 
agency may want to consider this issue on 
remand and at least explain why it was not 
considered. 

 
 [**39]   

B. The Future Water Quality of the Proposed 
Reservoir 

Plaintiffs also argue that the COE failed to take a 
hard look at the future condition of the proposed 
reservoir. Specifically, plaintiffs argue that the COE 
failed to properly address the likelihood that the 
reservoir will become eutrophic as the result of the 
collection of nitrogen and phosphorus runoff from ever-
increasing agricultural operations in the Water District. 
Plaintiffs claim that because the COE failed to take a 
hard look at the increasing problem of agricultural runoff 
in the Water District, the Duck River Reservoir might 
ultimately become unfit for human consumption, the 
stated goal of the project, without significant additional 
treatment. 

The future water quality of the proposed reservoir 
has been before the agency since the Duck River project 
was chosen as the preferred alternative. In an April 24, 
1996 Memorandum summarizing an On-Site Meeting for 
Commenting Agencies on the  [*1260]  Duck River 
project, Jim Ezell, a consultant for the City of Cullman, 
stated that "Butch Thrasher ... Superintendent of the 
Cullman Water Treatment Plant, joined the meeting. 
Butch was questioned concerning possible water quality 
impacts [**40]  due to agriculture in the area of Lake 
Catoma. He stated that he believed there could possibly 
be a problem since they recently have had an algae 
bloom." n22 

 

n22 AR 471. 

 

 
In an internal email dated September 19, 1998, COE 
employee John B. McFayden noted that the Fish & 
Wildlife Service and the EPA "will continue to question 
project water quality in the [proposed] lake and 
downstream. The issue is - Will all the 'chicken shit' 
pollute the lake. PD folks - is the EA adequate to address 
this issue?" n23 
 

n23 AR 632. Similar concerns about the 
water quality in the proposed lake caused by 
runoff from the poultry industry are noted at AR 
634, 647. 

 

As a result of the COE's recognition that the 
proposed impoundment might be impacted from 
increased poultry production and the resulting nonpoint 
source pollution in the Water District, the Water [**41]  
District hired a contractor to sample water in the Duck 
River project area. This sampling took place in 1998 and 
was included in a Draft Report on Water Quality 
Modeling that was sent to the COE in October 1998. At 
that time, the contractor told the COE that "we have a 
problem" with the water quality of the proposed lake. 
n24 

 

n24 AR 673. 

 

In response to the water quality problems that were 
revealed by the initial testing, the contractor engaged a 
sub-contractor to undertake a technical review of the 
environmental documentation that had been produced on 
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the project. n25 In an October 26, 1998, letter to the 
contractor, the subcontractor stated the following: 

 
The issue of source protection to assure adequate water 
quality in the proposed reservoir was a major concern 
expressed during the meeting. I believe this can be 
addressed through the development of a comprehensive 
watershed management plan and the establishment of a 
watershed management organization with the authority 
and ability to implement and enforce [**42]  the plan. 
The purpose of the reservoir is to provide a safe and 
reliable water source for the Cullman-Morgan Water 
District, and the project represents a sizeable investment. 
The water quality data collected to date indicates a high 
potential for accelerated eutrophication if measures are 
not taken to control non-point source nutrient enrichment 
from existing agricultural practices. An effective 
watershed management plan should be developed and 
presented in the NEPA document prior to circulation. 
n26 (emphasis added). 
 
The COE immediately began preparing a watershed 
management plan as suggested by the subcontractor and 
also engaged its Waterways Experiment Station to 
conduct a BATHTUB eutrophication model for the 
proposed reservoir. n27 The BATHTUB model is a 
mathematical model that is used as a tool for assessing 
the eutrophication potential of reservoirs and for 
predicting the effectiveness of protection measures. n28 
Thus, the BATHTUB model was chosen to help the 
COE determine if the proposed best management 
practices ("BMPs") in the newly formulated watershed 
management plan would ultimately prevent the Duck 
River reservoir from becoming too eutrophic. n29 
 

n25 AR 679. [**43]   

n26 AR 679. 

n27 AR 851. 

n28 AR 852. 

n29 AR 852. 

 

 [*1261]  The Draft EA issued by the COE stated 
that the BATHTUB model produced the following 
conclusions: "The proposed impoundment will receive 
high nutrient loads and will likely exhibit water quality 
characteristics of a mildly eutrophic system .... 
Application of BMP's in the watershed will reduce 
nutrient loadings. Present loadings need to be reduced 
approximately 60 percent in order to achieve water 
quality characteristics associated with nearby lakes of 

acceptable water quality." n30 (emphasis added). In an 
effort to begin reducing nutrient loadings in the Duck 
River, the Cullman County Soil and Water Conservation 
District, in cooperation with the Natural Resources 
Conservation Service, established a watershed 
management plan. This management plan was included 
in the Draft EA. 

 

n30 AR 911. 

 

Agency comments to the Draft EA reflected a 
general dissatisfaction [**44]  with the COE's 
assumption that the watershed management plan would 
be able to reduce current nutrient loadings by 60%--the 
reduction necessary to make the Duck River reservoir 
comparable to nearby lakes of acceptable water quality. 
n31 The Fish & Wildlife Service's comments are 
particularly instructive: 

 
According to the EA, existing phosphorous and nitrogen 
loading in the Duck River creates the potential in the 
proposed reservoir for accelerated eutrophication. A 
water quality model of the proposed reservoir was 
conducted using the BATHTUB model .... The model 
was based on available data and the assumption that Best 
Management Practices (BMP's) would be effectively 
implemented to reduce existing nutrient loading in the 
watershed by 60 percent. The model's results predicted a 
reservoir that would be mildly eutrophic. This "best 
case" scenario predicts a reservoir that would thermally 
stratify with an anoxic hypolimnion. Mildly eutrophic 
lakes can concentrate and store nutrients and 
contaminants, thus releasing toxic slugs that can result in 
downstream fish die-offs and loss of wildlife resources. 
Elevated fecal coliform levels, blue-green algal blooms 
in the reservoir, [**45]  low pH and high concentrations 
of dissolved metals in the tailwater discharges including 
iron and manganese, would be expected in the "best 
case" scenario at the proposed project. The potential 
exists for long-term water quality problems associated 
with releases from the proposed dam site. In addition, the 
reservoir's water would be adversely affected requiring 
extensive and expensive treatment before use as a 
potable water source. The "worse [sic] case" scenario 
would be a severely eutrophic lake if the existing 
nutrient loading is not reduced by the anticipated 60 
percent. A highly eutrophic lake would be less desirable 
and more expensive for the CMWD to operate for its 
intended purpose as a water supply reservoir. The long-
term effects downstream of the dam could forever 
diminish utilization of the Duck River by fish and 
wildlife resources. n32 
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 [*1262]  The F&WS comments highlight concerns 
about the COE's assumption that the watershed 
management plan will result in a 60% reduction in 
nutrient loadings. 
 

n31 See, AR 1432 (F&WS), 1465-66 (EPA). 
When the Water District applied to the Alabama 
Department of Environmental Management 
("ADEM") to upgrade the classification of the 
Duck River and its tributaries to a public water 
supply, ADEM responded that "We could not, 
with today's information and water quality status 
of [the] Duck River and [its] tributaries, 
recommend that a Public Water Supply 
Classification be approved by the Environmental 
Management Commission." AR 1529. However, 
ADEM stated that it is "open to reconsideration 
of our present position" when new water quality 
data is available. Id. [**46]   

n32 AR 1431-32. 

 

Plaintiffs argue that in making this assumption, the 
COE failed to take a hard look at the future water quality 
of the proposed reservoir. The COE argues that it 
addressed this issue by including a watershed 
management plan as a necessary condition of the EA. 
n33 Section 9.4 of the Final EA describes the watershed 
management plan and states that the "purpose and goals 
of this management plan are to reduce nutrient loadings 
in the proposed impoundment, provide a reasonably 
treatable, high quality water supply, provide acceptable 
water quality for downstream releases and promote an 
ecologically sound lake environment." n34 To 
accomplish these goals, the plan includes, inter alia, a 
water quality testing program for water in the proposed 
impoundment and downstream of the impoundment. n35 

 

n33 AR 1737 (stating that the watershed 
management plan is designed to prevent a "worst 
case scenario"). 

n34 AR 1663. 

n35 AR 1663-64. 

 
 [**47]   

After examining the record, the court finds that the 
COE was cognizant of the likelihood that the proposed 
reservoir will suffer from eutrophication caused by the 
runoff created from the increasing poultry industry in the 

area. In an effort to address this problem and to satisfy 
its statutory obligations under NEPA, the COE worked 
with the permit-holder to establish a watershed 
management plan that it hopes will reduce nonpoint 
source pollution. The problem for this court is that the 
COE issued a FONSI based on the assumption that the 
watershed management plan will reduce nutrient 
loadings in the proposed reservoir by 60%. This "best-
case scenario" assumption is problematic because it is, at 
best, a post hoc goal rather than a mitigation condition 
designed to reduce a significant impact. n36 The 
reservoir will be constructed regardless of whether 
nutrient loadings are reduced by 60%, 25%, or even 
10%. n37 

 

n36 Defendants have consistently argued 
that they issued a FONSI based on a finding of 
no significant environmental impact--not that 
they included sufficient safeguards to ameliorate 
any significant impacts. [**48]   

n37 Defendants argued in their post-hearing 
brief that the court placed too much emphasis on 
the assumed 60% reduction at the hearing 
because Figure 10 of the Waterways Experiment 
Station study states that a 25% or 10% reduction 
in nutrient loadings would result in an 
impoundment comparable to Lake Weiss or Lake 
Purdy (the water supply for Jefferson County). 
However, defendants also state that Appendix F 
of the EA, where the Waterways Experiment 
Station is found, is beyond the purview of this 
court in conducting its judicial review of the 
NEPA process. Any emphasis the court places on 
the 60% reduction assumed by the COE comes 
from this court's analysis of the administrative 
record. However, even if the court looked past 
the 60% reduction assumption that is cited in the 
Final EA, the COE's FONSI would still be based 
on the assumption that some reduction in 
loadings--whether 60% or 10%--would result 
from the management plan. 

 

Although the court finds that the COE studied the 
future water quality problems in the proposed reservoir, 
the court concludes that agency ultimately failed to take 
a [**49]  hard look at the results of the study. Like 
ADEM, the court recognizes that the proposed reservoir 
is a much needed water source for the Water District. 
n38 However, the current record does not support the 
COE's assumption that current nutrient loadings will be 
reduced by any percentage, particularly because the 
stated goal of the project is to provide potable water for a 
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growing poultry industry--the very source of the 
pollution at issue. 

 

n38 See AR 1529. 

 

 [*1263]  Even if the court assumes that the agency's 
studies and the inclusion of the watershed management 
plan qualify as a hard look at the future condition of the 
reservoir, the court does not find that the COE made a 
convincing case for its FONSI. As previously stated, the 
agency issued a FONSI that explicitly found that the 
proposed project would have no significant impact on 
the environment. Therefore, the agency's FONSI was 
necessarily based upon the assumption that nutrient 
loadings would be reduced by 60%, as stated in the Final 
EA. n39 The COE [**50]  fails to make a convincing 
case that the adverse effects on the water quality caused 
by nonpoint source pollution justify a finding of no 
significant environmental impacts. 

 

n39 AR 1644. 

 

As in Hill, 144 F.3d at 1451, and as the court did 
previously in evaluating the cumulative impacts issue, 
the court must decide whether the issuance of the EA 
"would be arbitrary and capricious based on the opposite 
assumption" that nutrient loading would not be reduced 
by 60% by the management plan. Assuming that the 
management plan does not significantly reduce current 
nutrient loadings, the court finds that issuance of the 
FONSI was arbitrary and capricious based upon its own 
test results reflecting a "high potential for accelerated 
eutrophication" if the watershed management plan were 
not successful. n40 

 

n40 See AR 679; See also, AR 1431-32 
outlining concerns from F & WS about the 
effects of "mildly eutrophic" lake under the best 
case scenario assuming best management 
practices, and the greater concerns of a "severely 
eutrophic" lake under the worst case scenario. 

 
 [**51]   

Because the record does not support the COE's 
assumption that nutrients will be reduced by 60%, the 
court finds that a remand is necessary. In making this 
determination, the court considers whether the EA would 
be arbitrary and capricious based on the opposite 

assumption that nutrients will not be reduced by 60%. 
Assuming this worst case scenario, the court concludes 
that the COE's FONSI and resulting decision not to 
prepare an EIS was arbitrary and capricious. A remand is 
necessary so that the agency can consider whether 
nutrient loadings will not be reduced by 60% and, if so, 
whether the presence of this pollution necessitates the 
preparation of an EIS. n41 

 

n41 Notwithstanding defendants' argument at 
the hearing that this court can only consider 
evidence that is in the record, defendants filed a 
Declaration (Doc. 46) following the hearing that 
included over sixty pages of additional materials. 
These materials included "documentation of 
ongoing activities in the Duck River Watershed 
to address water quality issues." As previously 
stated, the court did not consider these documents 
in reaching its decision. See Hill v. Boy, 144 F.3d 
at 1446 n 11. On remand, the agency can 
consider any additional testing that has been done 
since the watershed management plan was 
instituted. 

 
 [**52]   

C. The Downstream Effects of the Dam 

Plaintiffs' final argument is that the COE failed to 
take a hard look at the downstream effects of the dam. 
Although plaintiffs make numerous arguments about the 
effect of altered temperature, sedimentation, and other 
environmental consequences on the downstream portion 
of the Duck River and the Mulberry Fork, the court finds 
that defendants did take a hard look at the effect of the 
dam on the 11 miles of the Duck River below the dam. 
Specifically, the permit contains mandatory downstream 
releases that were recommended by the Alabama 
Department of Conservation and Natural Resources. n42 
The inclusion of these releases, as well as the fisheries, 
aquatic habitat, and low flow  [*1264]  studies that were 
conducted on the Duck River, evidences a hard look at 
the effect of the dam on the Duck River. 

 

n42 AR 2509. 

 

However, the court is concerned about the COE's 
failure to study the effect of the dam on the Mulberry 
Fork of the Black Warrior River. The Duck River 
extends for 11 miles [**53]  below the proposed dam to 
its confluence with the Mulberry Fork.. n43 The 
proposed reservoir will impound 19% of the total 
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watershed of the Mulberry Fork. n44 Although the 
mandatory downstream releases that were included in the 
permit will benefit the Mulberry Fork, the COE failed to 
conduct any studies of the effect the overall reduced 
flow will have on the Mulberry Fork. The record 
indicates that the COE limited its study of the 
environmental effects of the project to the Duck River 
because one agency employee concluded that the 
Mulberry Fork would not be affected by the 
impoundment. In a February 24, 1997, email to a 
subordinate COE employee, John Mcfayden concluded 
that "I do not believe we need to studying [sic] 
watersheds beyond the Duck River downstream of the 
dam. They should not be effected [sic]." n45 Although 
this conclusion was not based on any scientific studies or 
data, the COE did not respond to other agencies' requests 
that the Mulberry Fork be studied, and the EA ultimately 
failed to address this issue. n46 

 

n43 AR 2509. 

n44 AR 1738. 

n45 AR 540. 

n46 The only study apparently done on the 
Mulberry Fork was the Aquatic Habitat 
Characterization and Benthic Species Survey, AR 
1829-82, which studied four miles of the 
Mulberry Fork and the entire length of the Duck 
River below the proposed dam. This study, 
standing alone, does not make a convincing case 
for the COE's decision to issue its FONSI. 

 
 [**54]   

A reviewing court may remand a case to the agency 
for additional investigation or explanation "if the record 
before the agency does not support the agency action, if 
the agency has not considered all relevant factors, or if 
the reviewing court simply cannot evaluate the 
challenged agency action on the basis of the record 
before it." Hill, 144 F.3d at 1446 n.11 (internal citation 
omitted). Because the COE failed to undertake any 
investigation of the effects the proposed dam will have 
on the Mulberry Fork, the court finds that the COE did 
not consider all relevant factors in evaluating the 
environmental consequences of the Duck River project. 
Therefore, the court finds that remand is necessary to 
consider the effects the proposed dam will have on the 
Mulberry Fork. On remand, the COE should consider 
whether the construction of the Duck River reservoir will 
detrimentally affect the Mulberry Fork and, if so, 
whether the effects are sufficiently significant to require 
an EIS for the Duck River project. 

 
V. Conclusion 

The court is acutely aware that the proposed 
reservoir would provide a much needed water resource 
for the growing poultry industry in the Water [**55]  
District. The court is also mindful that its review of the 
COE's issuance of the permit must be deferential and that 
this court is not to substitute its judgment for that of the 
agency. See United States Corps of Eng'rs, 295 F.3d at 
1216. However, this court has a duty to look beyond the 
scope of the agency decision and to determine whether 
the agency accurately identified the relevant 
environmental problems. Id. This court must be satisfied 
that the agency took a hard look at these relevant 
problems in preparing the EA and that the agency made 
a convincing case for its finding  [*1265]  of no 
significant impact. See Hill, 144 F.3d at 1450. 

After engaging in a thorough review of the record, 
the court finds that the COE did not take a hard look at 
the cumulative effects of other proposed projects in the 
Black Warrior River Basin, the future water quality of 
the proposed reservoir, and the effect the proposed dam 
will have on the Mulberry Fork of the Black Warrior 
River. The court also finds that, even if the COE took a 
hard look at these environmental issues, the COE failed 
to make a convincing case for issuing its FONSI. The 
court, therefore, finds that [**56]  the COE's decision to 
issue a FONSI was arbitrary and capricious based on its 
various assumptions. Because the court concludes that 
the record does not support the agency's FONSI, the 
court finds that a remand is necessary. On remand, the 
COE should take a hard look at the issues discussed 
above and determine whether an EIS is required for the 
Duck River project. Because the court concludes that the 
Administrative Record does not support the agency's 
action, and that the finding of no significant impact was 
arbitrary and capricious, the permit for the Duck River 
Project issued based on the FONSI must be vacated. 

Plaintiffs seek an injunction precluding COE from 
allowing the Duck River Project to proceed until 
Plaintiff has conducted an environmental impact study. 
Because the court remands this matter to the COE to take 
another look at the issues addressed in this opinion and 
to then decide whether an EIS is needed, the court denies 
the plaintiffs' request to mandate an EIS. However, the 
COE is enjoined from allowing the project to proceed 
until it has taken a hard look at the issues raised and 
made a new determination concerning the potential 
environmental impacts addressed in this [**57]  opinion. 

By separate order, the plaintiff's Motion for 
Summary Judgment will be granted in part, and denied 
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in part; the defendants' Motion for Summary Judgment 
will be denied. 

DONE and ORDERED this 15 day of August, 2003. 

KARON OWEN BOWDRE 

UNITED STATES DISTRICT JUDGE 

FINAL JUDGMENT 

This case is before the court on Plaintiffs' Motion 
for Summary Judgment (Doc. # 29) and Defendants' 
Cross Motion for Summary Judgment (Doc. # 32). The 
issues raised in the cross motions for summary judgment 
have been fully briefed by the parties. The court held a 
hearing on these motions on February 20, 2003. After 
the hearing, the court allowed the parties to submit 
additional briefs on whether the United States Corps of 
Engineers ("COE") took a hard look at the future water 
quality of the proposed impoundment and whether the 
COE took a hard look at the downstream effects of the 
proposed dam. On April 2, 2003, Defendants submitted a 
post-argument memorandum addressing these issues 
(Doc. # 49). On April 24, 2003, plaintiffs submitted a 
response to defendants' memorandum (Doc. # 52). Thus, 
these motions are now ripe for decision. 

The plaintiffs in their Complaint seek declaratory 
and [**58]  injunctive relief. In essence, they seek a 
declaration that the Environmental Assessment (EA) 
issued by the COE violated the National Environmental 
Policy Act, (NEPA) 42 U.S.C. §  4332(2)(C), and seek 
an order vacating of the Duck River Project permit. They 
also seek an injunction prohibiting the COE from 
allowing the Duck River Project to proceed until the 
COE prepares an environmental impact statement. 

The issue before the court is whether the COE's 
decision to issue a finding of no significant impact 
("FONSI") and the permit to build the dam, as opposed 

to requiring the preparation of an Environmental  
[*1266]  Impact Statement ("EIS"), was arbitrary and 
capricious. Upon due consideration, the court answers 
this question in the affirmative for the reasons stated in 
the Memorandum Opinion issued contemporaneously 
herewith. The court finds that the COE did not take a 
hard look at the cumulative effects of other proposed 
projects in the Black Warrior River Basin, the future 
water quality of the proposed reservoir, or the effect the 
proposed dam will have on the Mulberry Fork of the 
Black Warrior River. The court also finds that, even if 
the COE took a hard look at these [**59]  environmental 
issues, the COE failed to make a convincing case for 
issuing its FONSI. 

Because the court concludes that the Administrative 
Record does not support the agency's action, the court 
finds that remand is necessary. Therefore, the permit 
issued for the Duck River Project must be vacated. 
Consequently, the court GRANTS IN PART Plaintiffs' 
Motion for Summary Judgment (Doc. # 29) insofar as 
plaintiffs request a declaration that the EA violated 
NEPA and seek a remand to the agency for review. 
However, the court DENIES all other relief requested by 
plaintiffs. On remand, the COE should take a hard look 
at the issues discussed in the Memorandum Opinion, 
reconsider its decision, and determine whether an EIS is 
required for the Duck River project. 

Defendants' Motion for Summary Judgment (Doc. # 
32) is DENIED with prejudice. Costs are to be taxed 
against the Defendants. 

DONE and ORDERED this 15th day of August, 
2003. 

KARON OWEN BOWDRE 

UNITED STATES DISTRICT JUDGE  

 



 

Appendix B -Water Quality Modeling Evaluation 
and Reports 

 

 

 



Revised BATHTUB Model Results for Baseline Conditions (El 720 ft msl) 
Supplement to Duck River Reservoir EA 

Variable Mean Coefficient of Variation  
TP mg/ m3 35.0 0.07 
TN mg/ m3 1267.1 0.17 
C.NUTRIENT mg/ m3 32.7 0.07 
CHL-A  mg/ m3 15.7 0.30 
SECCHI   M 1.4 0.20 
ORGANIC N mg/m3 537.9 0.24 
TP-ORTHO-P mg/ m3 31.2 0.31 
ANTILOG PC-1 286.3 0.34 
ANTILOG PC-2 11.4 0.14 
(N - 150) / P 31.7 0.19 
INORGANIC N/P 196.7 3.78 
TURBIDITY 1/M 0.3  
ZMIX * TURBIDITY 2.1 0.06 
ZMIX / SECCHI 4.7 0.21 
CHL-A * SECCHI 22.3 0.17 
CHL-A / TOTAL P 0.4 0.29 
FREQ(CHL-a>10) % 65.3 0.27 
FREQ(CHL-a>20) % 24.1 0.61 
FREQ(CHL-a>30) % 9.0 0.86 
FREQ(CHL-a>40) % 3.6 1.05 
FREQ(CHL-a>50) % 1.6 1.21 
FREQ(CHL-a>60) % 0.7 1.35 
CARLSON TSI-P 55.4 0.02 
CARLSON TSI-CHLA 57.5 0.05 
CARLSON TSI-SEC 54.9 0.05 
 
 
 
Explanation of Variables and Interpretation   
 
TP mg/m3: Total phosphorus concentration 
CE distribution (MEAN = 48, CV = 0.90, MIN = 9.9, MAX = 274) 
Measure of nutrient supply under P-limited conditions 

TN mg/m3: Total nitrogen concentration 
CE distribution (MEAN = 1002, CV = 0.64, MIN = 243, MAX = 4306) 
Measure of nutrient supply under N-1imited conditions 

C. NUTRIENT mg/m3: Composite nutrient concentration 
CE distribution (MEAN = 36, CV = 0.80, MIN = 6.6, MAX = 142) 
Measure of nutrient supply independent of N versus P limitation; equals total P at high N/P 
ratios 

CHL A mg/m3: Mean chlorophyll a concentration 
CE distribution (MEAN = 9.4, CV = 0.77, MIN = 2, MAX = 64) 
Measure of algal standing crop based upon photosynthetic pigment 

SECCHI m: Secchi depth 
CE distribution (MEAN = 1.1, CV=O.76, MIN = 0.19, MAX = 4.6) 
Measure of water transparency as influenced by algae and nonalgal turbidity 



ORGANIC N mg/m3: Organic nitrogen concentration 
CE distribution (MEAN = 474, CV = 0.51, MIN = 186, MAX = 1510) 
Portion of nitrogen pool in organic forms; generally correlated with chlorophyll a 
Concentration 

TP-ORTHOP mg/m3: Total phosphorus - Ortho phosphorus 
CE distribution (MEAN = 30, CV = 0.95, MIN = 4, MAX = 148) 
Phosphorus in organic or particulate forms correlated with chlorophyll a and nonalgal 
Turbidity 

ANTILOG PC1: First principal component of reservoir response variables (chlorophyll A, 
Secchi, Organic N, Composite Nutrient). 
CE distribution (MEAN = 245, CV =1.3, MIN = 18, MAX = 2460) 
Low: PC-1 <50 = low nutrient supply, low eutrophication potential 
High: PC-1 > 500 = high nutrient supply, high eutrophication potential 

ANTILOG PC-2: Second principal component of reservoir response variables 
CE distribution (MEAN = 6.4, CV =0.53, MIN = 1.6, MAX = 13.4) 
Nutrient association with organic vs. inorganic forms; related to light-limited areal 
productivity: 
Low: PC-2 <4 = turbidity-dominated, light-limited, low nutrient response 
High: PC-2 > 10 = algae-dominated, light unimportant, high nutrient response 
Algal turbidity was modeled as low, so this value is high in the simulations. 

(N-150)/P: (Total N - 150)/Total P ratio 
CE distribution (MEAN = 17, CV = 0.68, MIN = 4.7, MAX = 73) 
Indicator of limiting nutrient 
Low: (N-1 50)/P c 10-12 nitrogen-limited 
High: (N-1 50)/P > 12-15 phosphorus-limited 
This suggests strongly phosphorus limited conditions in the proposed reservoir 

INORGANIC N/P: Inorganic nitrogen/ortho-phosphorus ratio 
Ratio CE distribution (MEAN = 30, CV = 0.99, MIN = 1.6, MAX = 127) 
Indicator of limiting nutrient 
Low: N/P <7-10 nitrogen-limited 
High: N/P >7-10 phosphorus-limited 
This suggests strongly phosphorus limited conditions in the proposed reservoir 

TURBIDITY: Nonalgal turbidity (1 /SECCH1 -0.025 x CHL-A) 
CE distribution (MEAN = 0.61, CV=O.88, MIN = 0.13, MAX = 5.2) 
Inverse Secchi corrected for light extinction by Chl a 
Reflects color and/or inorganic suspended solids, Influences algal response to nutrients: 
Low: Turbidity c 0.4 = allochthonous particulate unimportant, high algal response to 
nutrients – Proposed reservoir was modeled as low turbidity. 
High: Turbidity > 1 = allochthonous particulate possibly important, low algal response to 
nutrients 

 

 



ZMix x Turbidity: Mixed-1ayer depth x turbidity 
CE distribution (MEAN = 3.2, CV = 0.78, MIN = 1.0, MAX = 17) 
Effect of turbidity on light intensity in mixed layer 
Low: <3 = light availability high; turbidity unimportant, high algal response to nutrients 
High: > 6 = light availability low; turbidity important, low algal response to nutrients 

ZMIX/ SECCHI: Mixed-1ayer depth/Secchi depth (dimensionless) 
CE distribution (MEAN = 4.8, CV = 0.58, MIN = 1.5, MAX = 19) 
Inversely proportional to mean light intensity in mixed layer for a given surface light 
intensity: 
Low: <3 = light availability high, high algal response to nutrients expected 
High: > 6 = light availability low, low algal response to nutrients expected 

CHL A SECCHI: Chlorophyll a x transparency (mg/m2) 
CE distribution (MEAN = 10, CV = 0.71, MIN = 1.8, MAX = 31) 
Partitioning of light extinction between algae turbidity, Measure of light-limited productivity 
Correlated with PC-2 (second principal component) 
LOW: < 6 = turbidity-dominated, light-limited, low nutrient response expected 
High: > 16 = algae-dominated, nutrient-limited, high nutrient response expected 

CHL A /Total P: Mean Chlorophyll a / Mean Total P 
CE distribution (MEAN = 0.20, CV=O.64, MIN =0.04, MAX = 0.60) 
Measure of algal use of phosphorus supply. Related to nitrogen-limited and light-limitation 
factors 
Low: c 0.13 = low phosphorus response, algae limited by N, light, or flushing rate 
High: >0.40 = high phosphorus response (northern lakes), N, light, and flushing unimportant, 
P limited (typical of northern lakes) 

FREQ > XX: Algal Nuisance Frequencies or Bloom frequencies estimated from Mean 
Chlorophyll a.  It is the percent of Time During Growing Season that Chl a Exceeds 10, 20, 
30, 40, 50, or 60 ppb 
Related to Risk or Frequency of Use Impairment, “Blooms” generally defined at Chl a > 30-
40 ppb.  Model suggests that noxious blooms can be expected about 10% of the time in the 
proposed reservoir. 

TSI-P TSI-B TSI-S: Trophic State Indices (Carlson 1977) 
Developed from Northern Lake Data Sets. Calculated from P, Chl a, and Secchi Depths 
respectively. 
TSI <40            = Oligotrophic 
41 < TSI < 50   = Mesotrophic 
51 < TSI < 70   = Eutrophic 
TSI > 70           = Hypereutrophic 
The indices indicate the proposed reservoir will be in the low “Eutrophic” range. 

 

CE distribution is based on data from 41 reservoirs, mostly eutrophic. 
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The objective of this technical memorandum (TM) is to review the available water quality 
data (total phosphorus [TP] and total nitrogen [TN]) and recommend representative 
expected average runoff concentrations of TP and TN for use by WES in conducting the 
baseline and future BATHTUB modeling.  

Water Quality Data Review 
Water quality data were collected from three sources: (1) Water Quality Monitoring Report 
for the Duck River/Cullman Dam Project prepared by TTL, Inc., (2) Duck Creek TMDL 
Report prepared by Alabama Department of Environmental Management (ADEM), and (3) 
water quality data compiled by the Cullman County Soil & Water Conservation District 
(SWCD). These data are presented in tabular format in Attachment 1. 

TTL Water Quality Data 

The TTL data were collected at 11 sites. The parametric and nonparametric statistics for the 
overall TTL data are presented in Table 1.  
 

TABLE 1 
Overall TTL Water Quality Data 
Duck River Water Supply Project 

Mean 0.16 2.90 

Stdev 0.29 1.24 

CV 1.78 0.43 

skew 2.81 -0.15 

1st Quartile, Q1  0.03 1.68 

Median  0.07 3.18 

2nd Quartile, Q3  0.10 3.88 

Interquartile Range, IQR  0.08 2.20 
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EXISTING AND FUTURE WATER QUALITY CONDITIONS DATA FOR BATHTUB MODELING—DUCK RIVER IMPOUNDMENT 

Some TTL sites were located on other tributaries of Duck Creek, and some were located far 
from the dam site upstream of Duck Creek. The TMDL report (ADEM, 2002) indicates that 
the northern part of the Duck Creek watershed contains several significant point sources 
(Dunn Farm, Berry Rosco Farm, Fairview School, etc.). The pollutant load delivered by these 
point sources and other nonpoint sources will be subject to several attenuation mechanisms 
through natural processes such as adsorption, settling, transformation, and plant uptake, 
etc., while travelling to the dam site. Therefore, including water quality data for sites that 
are far from the dam site would be inappropriate.  For this reason, only water quality data 
for sites that are located on Duck Creek and near the dam site are considered. These sites are 
Duck River at Dam Site, Duck River at County Road 1651, and Duck River at County Road 
1669. Table 2 presents the statistics for the combined water quality data for these three sites.  
 

TABLE 2 
Statistics for Selected TTL Water Quality Data Collected Near Dam Site 
Duck River Water Supply Project 

Statistics TP  
(mg/L) 

TN  
(mg/L) 

Mean  0.12 2.71 

Stdev 0.20 1.23 

Std Error 0.05 0.29 

Lower 95% CI for the Mean 0.02 2.10 

Upper 95% CI for the Mean 0.22 3.32 

1st Quartile, Q1  0.06 1.66 

Median  0.07 3.04 

2nd Quartile, Q3  0.09 3.77 

Interquartile Range, IQR  0.03 2.11 

IQR based Stdev (≅IQR/1.33) 0.02 1.59 

CV = 0.32 0.52 

mg/L = milligrams per liter 

 
ADEM Water Quality Data 

From the TMDL report,  water quality data were collected from the sites named DCK-4 and 
DuckCreek04, which are very near the dam site. The water quality statistics for  these data 
are presented in Table 3.  
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TABLE 3 
Statistics for ADEM Water Quality Data Collected Near Dam Site 
Duck River Water Supply Project 

Statistics TP (mg/L) TN (mg/L) 

Mean 0.06 1.58 

Stdev 0.02 0.88 

Std Error 0.01 0.22 

Lower 95% CI for the Mean 0.04 1.30 

Upper 95% CI for the Mean 0.08 1.86 

1st Quartile, Q1  0.04 0.77 

Median  0.05 1.53 

2nd Quartile, Q3  0.06 1.97 

Interquartile Range, IQR  0.02 1.20 

IQR based Stdev (≅IQR/1.33) 0.02 0.90 

CV  0.34 0.59 

 

Water Quality Data Obtained from SWCD 

Two kinds of data were provided by SWCD: (1) water quality data collected by the Water 
Watch group, and (2) 1990 water quality tests.  The Water Watch data contain only four 
observations collected on Duck Creek at Station DR-1, which is very near the dam site. 
SWCD has mentioned some issues related to data QA/QC and reliability. The 1990 water 
quality test data include NO3 and TP. These data are about 14 years old and may not be 
representative of the current land use and point load conditions. For comparison purposes, 
statistics for both of these data sets are given in Table 4 (A & B). Because the Water Watch 
data contain only four points, only nonparametric statistics are presented. 

TABLE 4 (A) 
Statistics for Water Watch Data Collected Near Dam Site 
Duck River Water Supply Project 

Statistics TP  
(mg/L) 

TN  
(mg/L) 

1st Quartile, Q1  0.10 2.83 

Median  0.17 3.86 

2nd Quartile, Q3  0.23 4.97 

Interquartile Range, IQR  0.13 2.13 

IQR based Stdev (≅IQR/1.33) 0.10 1.60 

CV  0.60 0.42 
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EXISTING AND FUTURE WATER QUALITY CONDITIONS DATA FOR BATHTUB MODELING—DUCK RIVER IMPOUNDMENT 

 

TABLE 4 (B) 
Statistics for 1990 Water Quality Tests  
Duck River Water Supply Project 

Statistics TP  
(mg/L) 

NO3  
(mg/L) 

Mean 0.24 1.21 

Stdev 0.34 0.64 

Std Error 0.07 0.17 

Lower 95% CI for the Mean 0.09 0.86 

Upper 95% CI for the Mean 1.02 0.50 

1st Quartile, Q1  0.05 0.78 

Median  0.10 1.20 

2nd Quartile, Q3  0.24 1.45 

Interquartile Range, IQR  0.19 0.68 

IQR based Stdev (≅IQR/1.33) 0.14 0.51 

CV  1.41 0.42 

 

Selection of Baseline Concentrations 
Based on the above review regarding the data representativeness, reliability, and number of 
available observations, the  data statistics presented in Table 2 ( a subset of TTL data) and 
Table 3 (ADEM data) are selected for further discussion.  To compare the selected data sets 
more closely, box-and-whisker plots were developed for both TP and TN comparing TTL 
and ADEM data side by side.  Figure 1(A) presents a box-and-whisker plot for TP. This plot 
indicates that the TP data contain an outlier. This outlier from the TTL report corresponds to 
extreme flow conditions during which discharge could not be measured  because velocities 
and depth were too great for wading measurements (TTL, 1999). Thus, one can conclude 
that this particular observation is not very reliable. Furthermore, this value is not 
representative of average runoff conditions.  Other than this feature, both data sets look 
very similar. To see further differences between the TP data from TTL and ADEM, the 
outlier value of  TP = 0.9 mg/L was removed from the TTL data set and the box-and-
whisker plot replotted in Figure 1(B). 
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FIGURE 1(A) 
Box-and-Whisker Plot for TTL and ADEM Data Obtained for TP on  Duck Creek   
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FIGURE 1(B) 
Box-and-Whisker Plot for TTL and ADEM Data Obtained for TP on  Duck Creek  after Removing Outlier from TTL Data 
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Figure 1(B) indicates that there is still  an outlier in the TTL data, though no comment was 
found in the TTL report to suggest the invalidity of this outlier.  It  was therefore considered 
a genuine data point. This data point will influence the mean, standard deviation, and 
confidence intervals. This problem can be solved by using nonparametric statistics, which 
are not influenced by outliers. Further, the TTL data are somewhat skewed toward the right 
(positively skewed toward higher concentration), whereas the ADEM data are skewed 
toward  the left (negatively skewed toward  lower concentration).Figure 1(B) and Tables 2 
and 3 clearly show that the 1st , 2nd, and 3rd quartiles are higher for the TTL data. For 
conservative modeling estimates, it is appropriate to select the TTL data  and the related 
nonparametric statistics.  

Figure 2 depicts a box-and-whisker plot for TN concentrations for TTL and ADEM data sets.  
Based on this analysis, the TTL data are the most appropriate for this study.  
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FIGURE 2 
Box-and-Whisker Plot for TTL and ADEM Data Obtained for TP on  Duck Creek  after Removing Outlier from TTL Data 
 

Based upon the above statistical review and discussion, Table 5 indicates the selected 
concentrations for the TP and TN inputs.  
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TABLE 5 
Selected Statistics for Baseline Modeling Conditions 
Duck River Water Supply Project 

Statistics TP  
(mg/L) 

TN  
(mg/L) 

Mean / Median  0.07 3.04 

CV = 0.32 0.52 

 
The TP values in Table 5 appear to be high compared to the value reported by TTL based on 
actual observations. It should be noted that these values reflect a purely statistical average  
which may certainly be affected by the types of events sampled. The sampled events do not 
represent the actual proportion of low and high rainfall events. The number of low flow 
events is much higher than the number of high flow events.  Further, most of the nutrients 
are transported during high rainfall events and little or no nutrients are transported during 
low rainfall events.  Thus the TP concentration seems to be biased by the sampling events. 
As a result, the TP concentrations represent the average of TP concentrations during high 
flow events and not the annual average TP concentration. 

Based on the method of Vollenweider (1970) for analyzing the in-stream and water quality 
sampling results in the Duck River watershed from Nov. 1997 to Aug.  1998, TTL reported 
that the TP and TN loadings ranged from 0.03 to 2.26 and 0.48 to 141 grams per square 
meter per year (g/m2/year), respectively, at the dam site. The average TP and TN loadings 
were reported to be 0.94 and 52.3 g/m2/year, respectively.  

Mark S. Flick II, a  Civil/Hydraulic Engineer and Geospatial Data Systems Project Manager 
with the Nashville District, U.S. Army Corps of Engineers (USACE), completed the 
hydraulic work for the development of a rating curve at the Duck River stream gage using 
the HEC-RAS model  for the USGS stage data from 1997 through 2003.  The calculated 
discharge is shown in Figure 3.  
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FIGURE 3 
Daily Flow at Dam Site from 1997-2003 (calculated by the USACE, Nashville)  
 
Based on these flow data, the average daily flow in the Duck River was 50.33 cubic feet per 
second (cfs). Using this flow, the average TP and TN in-stream concentrations  were found 
to be 0.054 and 3.03 mg/L, respectively.  It is noteworthy that the same data yield  two 
different TP concentrations based on the method of analysis but very similar results for TN. 
The first method is a purely statistical procedure in which discharge of the sampling event 
was not considered in calculating the mean concentrations of TP and TN. The second 
method (Vollenweider, 1970) takes the discharge of the sampling event into consideration. It 
can be concluded that the first method is biased depending on the types and numbers of 
events sampled. This method will give a representative average concentration only when 
many events are sampled. If only large events are sampled with few low flow events, the 
average concentration will be higher because it does not represent low flow events, which 
occur frequently and have lower pollutant concentrations. Figure 3 shows that the large 
flow events are less frequent and are the periods when most of the pollutant load is 
removed from the watershed along with the generated runoff. Therefore, to calculate a 
representative average concentration of a pollutant, it is necessary to consider both the 
magnitude and the frequency of runoff-producing events in a typical year.  Using the 
Vollenweider method (1970) the pollutant loads generated  by high flow events are 
calculated and then back-converted into concentrations using the average flow.  When 
limited sampling data are available, this method is considered as a more reliable procedure. 
Based on this approach, the average in-stream pollutant concentrations are: 
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TP = 0.054 mg/L, CV = 0.32 

TN = 3.03 mg/L, CV = 0.52 

In order  to implement the best management practices (BMPs)  to reduce the transport of 
nutrients to the Duck River impoundment, it is important to assess the  hydrology of the 
Duck River watershed to determine the runoff and amount of pollutants generated from 
various land uses.  

Characterization of Runoff and Sources of Pollutants  

Runoff Calculation Using SCS Curve Number Method  
The USGS gage # 02449840 at the Duck River near Berlin, AL, has recorded daily rainfall 
information which provides an opportunity to determine the daily runoff volume generated 
from the Duck River watershed.  The methodology recommended to predict surface runoff 
from daily rainfall was the U.S. Department of Agriculture, Soil Conservation Service (SCS) 
curve number method (SCS, 1972). This technique is reliable and  computationally efficient 
for predicting daily runoff values, and has been used for many years in the United States. 
For estimating daily runoff, only two parameters are required: rainfall and curve number. 
This approach is simple when information about curve numbers and daily rainfall are 
readily available. For purposes of predicting daily runoff volumes, this approach is well-
suited to the  data available.  The SCS curve number equation (SCS, 1972) used to predict 
runoff volume is:   
 

( )
SR
SRQ
8.0
2.0 2

+
−= ,    for R > 0.2S       

 (1a) 
0=Q ,     for R ≤  0.2S        (1) 

 

where Q is the daily runoff, R is the daily rainfall, and S is a retention parameter. The value 
of S varies with soil type, land use, management practice, slope, and ambient soil water 
content. The parameter S is related to curve number (CN) by the SCS equation (SCS, 1972): 

 

101000 −=
CN

S            (2) 

 
The value of S obtained from Equation (2) is in inches. The curve number is generally 
provided for average moisture conditions (CN2), also called the average curve number, and 
can be obtained by using the SCS hydrology handbook (SCS, 1972) or standard textbooks. 
The CN tables consider soil type, land use, and antecedent moisture conditions (AMC).  

Two other soil moisture conditions are also included in the SCS procedure:  CN3 is the curve 
number for AMC 3 (wet), and CN1 is the curve number for AMC 1 (dry). For computing 
purposes, CN1 and CN3 were related to CN2 with the following equations (SWAT, 2003):   
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([ 223 10000673.0exp CNCNCN −= )]        (3) 
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( )[ ]22

2
21 1000636.0533.2exp100

10020
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−−+−

−
−=      (4) 

 

Typically, only three moisture conditions are used in the curve number method (wet, 
average, and dry). The SCS criteria for these three conditions are provided in Table 6.  

TABLE 6 
SCS Recommended AMC for Curve Number Method 
Duck River Impoundment Project 

AMC  Description 5-day Rainfall during 
Dormant Season (in) 

5-day Rainfall during 
Growing Season (in) 

1 Soil moisture is near moist, down to 
the wilting point 

<0.5 <1.4 

2 Average annual value for annual 
floods 

0.5 – 1.1 1.4 – 2.1 

3 Heavy rainfall within the last 5 days > 1.1 > 2.1 

 

Typically, AMC Condition 2 (i.e., CN2) is used as normal for modeling purposes. However, 
although there may be dry conditions according to Table 6, a moderate amount of runoff 
may also be present because of the rapid drainage from sandy soils and the remaining 
storage in runoff retention ponds.  

CH2M HILL recommends adding one more soil moisture condition. A moderately dry 
curve number would be used during the more typical dry times when no rainfall has 
occurred in the past 5 days. This accounts for moderately dry conditions and is represented 
by CN4, which is calculated as: 

 

( 212
1

4 CNCNCN += )           (5) 
The set of guidelines listed in Table 7 was used to determine which CN to use on a given 
day. Overall, this set of guidelines keeps the CN higher than the guidelines in Table 6 and 
generates somewhat higher runoff.  
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TABLE 7 
Recommended Rules for Establishing AMC for Estimating Local Runoff 
Duck River Impoundment Project 

Antecedent 
Rainfall 

(in) 

Duration  
(previous days) 

AMC  Curve Number 

0.00 6 Dry CN1 

0.00 5 Moderately Dry CN4 

0.00 to 0.25 3 Normal CN2 

0.25+ 3 Wet CN3 

 

Based on the sampling sites used by TTL for water quality monitoring, the USACE 
(Vicksburg, MS) divided the Duck River watershed into 11 subwatersheds, which are 
slightly different from the subwatersheds presented in the Environmental Assessment 
Report (Oct., 1999).  Curve numbers were obtained from SCS (1972) according to land use 
and assumed hydrologic soil groups (B for the cultivated land and C for the pasture land). 
Table 8 presents the various subwatersheds along with their land uses and their estimated 
aggregated average (area-weighted) CN2 values.  

TABLE 8 
Subwatershed, Land Use, Curve Number, and Runoff 
Duck River Impoundment Project 

Sub-
watershed 

Woods  
(Ac) 

Urban  
(Ac) 

Cultivation 
(Ac) 

Pasture 
(Ac) 

Total Area 
(Ac) 

Curve 
Number, CN2 

Avg. Annual Flow 
(cfs) 

A 412 74 118 1163 1767 84.1 3.91 

D 437 46 218 1265 1966 84.2 4.39 

B 703 0 351 1736 2790 84.0 6.14 

C 693 79 378 1396 2546 83.9 5.57 

F 701 0 210 1086 1997 83.1 4.19 

E 1242 0 248 2534 4024 83.3 8.57 

G 450 161 129 1132 1872 84.1 4.14 

H 695 19 30 428 1172 80.7 2.18 

I 549 0 110 1318 1977 83.6 4.27 

K 412 0 137 1764 2313 84.5 5.23 

J 493 0 58 307 858 81.0 1.61 

Total 6787 378 1988 14129 23282 Average Runoff  = 50.20 

Average flow generated by runoff = 50.20 cfs 
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Based on the Duck Creek TMDL study (ADEM, 2002), there is only one significant 
contributing point source (Fairview School, NPDES Permit AL/0051098), which discharges 
a flow of 0.045 cfs.  As a result, the daily average flow in the Duck River is 50.245 cfs.  This 
number is very close the average daily flow (50.33 cfs) calculated by the USACE using the 
HEC-RAS model. 

Estimation of Nutrient Loads from Various Sub-watersheds to the Duck River 
Impoundment Under Existing Conditions Prior to 2000 
Prior to 2000, the Alabama Natural Resources Conservation Service (NRCS) used a fertilizer 
application practice based on the nitrogen requirement of crops. Farmers often used to 
apply poultry litter to satisfy their crops’ nitrogen requirement. The average nutrient 
content of fresh poultry litter is approximately 47 pounds/ton of nitrogen, 58 pounds/ton of 
P2O5, and 45 pounds/ton of K2O. Because of the high P2O5 content of poultry litter 
compared to the crop requirement, P2O5 was applied in excessive amounts. Using this 
practice on a typical bermuda hay field, a farmer used to apply approximately 300 pounds 
of nitrogen, which was about 6.5 tons of poultry litter applied each year.  By applying this 
amount of litter, approximately 377 pounds of P2O5 were spread per acre, which was 
approximately 300 pounds too much. This practice was followed for both pastures 
(bermuda hay, fescue, ryegrass, etc.) and cultivated (cotton, corn, etc.) lands.   

To estimate the nutrient loadings from pasture and cultivated lands, one can use the mass 
balance approach by accounting for total litter (nutrients) generated, amount of litter 
applied in the pasture and cultivated lands, amount of nutrients used by the crops, and 
amount of litter taken out of the Duck River watershed. A fraction of the stored nutrients in 
the topsoil will enter the Duck River, which can be calculated by estimating the amount of 
sediments (and its nutrient content) delivered to the river by erosion.  In this study, a 
complete data record is not available to perform the nutrient mass balance analysis. 
Therefore, an alternate approach is required to determine the nutrient loads from various 
land uses.    

In this study, the estimation of nonpoint source pollution relies on an empirical approach 
called the “export coefficients method” that varies according to land use. In this approach, 
annual nutrient loads are calculated for each sub-watershed using the pollutant export 
coefficient method (PLOAD, 2001). Export coefficients represent the average annual loads 
from a particular type of land use and include the pollutant load delivered during both 
baseflow and storm events. The actual pollutant load varies from year to year and is 
dependent on many factors, such as precipitation patterns and topography. In this method, 
the pollutant load for a nutrient is calculated for each land use in a subwatershed and then 
these values are added to yield the total load using the following equation: 

(∑= U UPUP ALL * )          (6) 

where:   LP = Pollutant load, lb/year; 

  LPU = Export coefficient for land use type u, lb/acre/year; and 

  AU = Area of land use type u, acres. 
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Based on a literature survey, an extensive list of export coefficients was compiled. Table 9 
presents literature-based export coefficients for various land uses. The export coefficients 
that were ultimately used were based on this list and compared to the actual measurements 
of total nutrient load delivered to the Duck River impoundment.  

TABLE 9 
Export Coefficients 
Duck River Impoundment Project 

Wood Urban Cultivated Pastures Source 

TP 
(lb/ac/yr) 

TN 
(lb/ac/yr)

TP 
(lb/ac/yr)

TN 
(lb/ac/yr)

TP 
(lb/ac/yr)

TN 
(lb/ac/yr) 

TP 
(lb/ac/yr)

TN 
(lb/ac/yr)

PLOAD (2001) 0.13 2.78 0.47 4.43 0.94 15.65 0.50 5.6 

Wanielista and Yousef 
(1993) 

0.09 2.68 1.78 7.58 0.94 23.20 0.45 5.53 

New Jersey 
Stormwater BMP 
Manual (2003) 

0.10 3 0.60 5.0 1.3 10.0 0.50 5.0 

AQUA TERRA  
CH2M- HILL ( 2002) 

0.15 2.60 0.41 3.34 1.64 9.41 0.32 4.48 

USEPA (1976) 0.18 2.23 0.71 4.40 0.54 8.92 0.27 4.46 

 

Using Equ. (6), land use areas from Table 8, and guiding export coefficients from Table 9, 
suitable export coefficients were calculated to match the observed TP and TN annual loads 
(loads observed by TTL during their year-long water quality monitoring).  Table 10 presents 
the resulting export coefficients for the Duck River watershed. 

TABLE 10 
Duck River Watershed Export Coefficients 
Duck River Impoundment Project 

Land Use Wood Urban Cultivated Pastures 

TP Exp (lb/ac/yr) 0.090 0.250 0.535 0.268 

TN Exp (lb/ac/yr) 8.92 17.84 35.58 15.5 

 

Using the export coefficients, average annual loads for TP and TN were calculated as listed 
in Tables 11 and 12. 
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TABLE 11 
Phosphorus Load 
Duck River Impoundment Project 

Sub-watershed Woods  
(lb/yr) 

Urban  
(lb/yr) 

Cultivation 
(lb/yr) 

Pasture  
(lb/yr) 

Sub-watershed Total 
(lb/yr) 

A 37 18 63 311 430 

D 39 11 117 339 506 

B 63 0 188 465 716 

C 62 20 202 374 658 

F 63 0 113 291 466 

E 112 0 133 678 923 

G 41 40 69 303 453 

H 63 5 16 115 198 

I 49 0 59 353 461 

K 37 0 73 472 583 

J 44 0 31 82 158 

Land use Total 611 94 1,064 3,782 5,551 

 

 

TABLE 12 
Nitrogen Load 
Duck River Impoundment Project 

Sub-watershed Woods  
(lb/yr) 

Urban (lb/yr) Cultivation 
(lb/yr) 

Pasture  
(lb/yr) 

Sub-watershed 
Total   
(lb/yr) 

A 3,678 1,313 4,191 18,031 27,213 
D 3,897 812 7,772 19,610 32,091 
B 6,268 0 12,501 26,907 45,676 
C 6,183 1,405 13,451 21,639 42,678 
F 6,250 0 7,479 16,834 30,564 
E 11,079 0 8,838 39,270 59,187 
G 4,018 2,870 4,579 17,547 29,013 
H 6,198 337 1,075 6,636 14,245 
I 4,899 0 3,908 20,429 29,235 
K 3,673 0 4,884 27,342 35,898 
J 4,396 0 2,063 4,761 11,220 
Land use Total 60,538 6,737 70,742 219,005 357,022 
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The above analysis was used to determine the total TP and TN loads from nonpoint sources 
that would be delivered to the Duck River impoundment if no pollution control strategy 
were used. Table 13 compares both the calculated and observed loads and equivalent in-
stream nutrient concentrations in the Duck River. 

TABLE 13 
Comparison between Observed and Calculated Loads and In-stream Nutrient Concentrations 
Duck River Impoundment Project 

Total Phosphorus Total Nitrogen  Item 

Load  
(lb/year) 

In-stream Conc 
(mg/L) 

Load  
(lb/year) 

In-stream Conc 
(mg/L) 

Observed 5,367 0.054 299,769 3.030 

Calculated 5,587 0.056 357,297 3.034 

Note:  In calculating in-stream nutrient concentration,  average flow of 50.24 cfs was used as calculated 
previously 

Table 13 indicates that the observed and calculated nutrient concentrations match very 
closely.  Tables 11 and 12 indicate the contribution of nutrients from various land uses in the 
Duck River watershed. Based on the Duck Creek TMDL study (ADEM, 2002), there is only 
one significant contributing point source (Fairview School, NPDES Permit AL/0051098), 
which discharges about 35 and 275 lb/year of TP and TN, respectively. The pasture land 
use, which is the largest in the area, contributes the highest nutrient loads. The relative 
contributions from various land uses are presented in Table 14. 

TABLE 14 
Relative Contribution of Nonpoint Nutrient Loads from Various Land Uses 
Duck River Impoundment Project 

Sub-watershed Woods Urban Cultivation Pasture Point Source 

Total Phosphorus 11% 2% 19% 68% 1% 

Total Nitrogen  17% 2% 20% 61% 0.08% 

 

Table 14 indicates which land uses should be targeted in order to control the delivery of 
nutrient loads to the proposed Duck River impoundment. It is clear that the first priority 
land use is pasture and second is the cultivated agricultural land. 

Planned Watershed Management through BMPs to Control 
Nutrient Load to Proposed Duck River Impoundment 

Better Nutrient Management Using Phosphorus Index 
As noted above, in the past (prior to 2000), the NRCS planned to meet crop needs based on 
the nitrogen requirement of the crops grown. Using this criterion of litter application, 
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farmers used to exceed crop requirements by approximately the following amounts: 300 
lb/acre of P2O5 on hay pastures, 183 lb/acre of P2O5 on fescue pastures, 77 lb/acre of P2O5 
on cotton cultivated lands, and 189 lb/acre of P2O5 on corn cultivated lands.  

Since 2000, fertilizer has been applied based on the new NRCS 590 standard which uses 
phosphorus as the limiting factor, as determined by the Phosphorus Index (P Index). The P 
Index gives an estimate of the potential for phosphorus removal by runoff. This potential is 
estimated by calculating a P Index for each field (see USDA-NRCS publication Phosphorus 
Index for Alabama). Based on this procedure, the P application in excess of a crop’s P 
requirement (determined by soil testing) is determined based on the field vulnerability for 
offsite P losses to surface waters (NRCS, 2000). A low P Index is desirable and may allow 
higher P applications to some soils. BMPs such as grassed waterways, setbacks from 
streams, filter strips, limiting animal access to surface waters, and lower P applications can 
decrease the P Index. In some cases where soil test P is rated “extremely high (EH),” a low P 
Index may still allow for some litter or compost application. The planned P rate cannot 
exceed the P application rate used in calculating the P Index. 

If a field has an adequate buffer or filter strip, it may still be possible to apply the nitrogen 
rate, but if the litter is spread in an area adjacent to a stream, or has access to the stream, the 
1xP or 2x P removal rate must be used.  The P Index takes into account the amount of P 
already existing in the soil, the slope of the ground, the application method, hydrology, 
landowner management, and the location relative to water bodies.  This P Index calculates a 
number indicating the application rate of nitrogen and the application rate of phosphorus in 
terms of no P added, 1x P removal rate, 2x P removal rate, 3x P removal rate, etc. This 
number is used while planning the litter application on a field based on the amount of P a 
crop will remove in a growing season.  The Cullman County Soil & Water Conservation 
District’s  personnel help farmers in planning the appropriate litter application rate to 
satisfy the nutrient requirements of their crops while minimizing the application of 
excessive nutrients. 

Since2000, the P Index has been used in determining the application rate for poultry litter. In 
addition, a number of BMPs have been planned and implemented, such as dry stack, 
composting, cross fence or riparian fence, heavy use feed areas, rotational grazing, field 
terraces-waterways, lagoon renovation/closure, incinerator, erosion control plan, and 
alternative water source/ well pond or trough.  
Nutrient management is the process of planning the amount, timing, and placement of litter 
so each crop receives only the amount of nutrients required. 

Nutrient Reductions in Duck River Watershed 
The management plans written since January 2002 are based on soil tests and    phosphorus 
limitations.  The P Index is used to determine the extent to which phosphorus leaches into 
the streams, and the plans incorporate this information.  The index takes into account soil 
type, slope, distance to streams, and management practices.  These results are loaded into a 
“Nutrient Budget” and a spreadsheet is created so the producer will be aware of the 
recommendations. 

Using the information on nutrient management and implementation of BMPs, the Cullman 
County SWCD used a model (Region 5 Model and Manual) recommended by ADEM 
(http://www.adem.state.al.us/Education%20Div/Nonpoint%20Program/Guidance/WSN
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PSGrantGuid.htm) to calculate the nutrient reductions achieved by various combinations of 
BMPs. The calculated reductions for the reservoir watershed are presented in Table 15.  This 
calculation includes only those practices that have already been completed in the Duck 
River watershed. 
 
In September 2003, Cullman County SWCD personnel met in Tuscaloosa with Patti Hurley 
(ADEM office of Education and Outreach) and Vic Payne (State Soil and Water Engineer) to 
discuss the expected nutrient reductions achievable by implementing various BMPs (see 
Table 15). During the meeting, it was agreed that (1) the reductions were feasible and (2) 
ADEM and EPA rely on these numbers to report on their progress. 
 

TABLE 15 
Nutrient Reductions in Duck River Watershed due to BMP Implementation 
Duck River Impoundment Project 

Acres 
Planned 

TN Before 
(lb) 

TN 
Reduction 

(lb) 

% N 
Reduction 

(lb) 
TP Before

(lb) 

TP 
Reduction

(lb) 
% P 

Reduction BMP 

279.9 34242 22257 0.65 6848 4109 0.60 Dry stack/comp 

279.9 3082 2465 0.80 699 629 0.90 Nut management 

104.2 43373 34699 0.80 8675 7807 0.90 Dry stack/comp 

113.1 3310 2648 0.80 689 620 0.90 Dry stack/comp 

113.1 59353 38580 0.65 11871 7122 0.60 Nut management 

106 21458 13948 0.65 4292 2575 0.60 Dry stack/comp 

106 2968 2374 0.80 594 534 0.90 Nut management 

  Average TN Reduction =  0.70 Average TP Reduction = 0.69  

 

As shown in Table 15, the TN and TP reductions due to BMP implementation vary from 
65% to 80% and 60% to 90%, respectively.  The average TN and TP reductions are 70% and 
69% respectively.  

Water Quality Conditions with Watershed Management 
Applying 69% and 70% to TP and TN loads calculated earlier (Tables 11 and 12), the future 
nutrient loads shown in Table 16 were calculated.  

2_TM_3.DOC 17 

http://www.adem.state.al.us/


EXISTING AND FUTURE WATER QUALITY CONDITIONS DATA FOR BATHTUB MODELING—DUCK RIVER IMPOUNDMENT 

 

TABLE 16 
Future Pollutant Loads in Duck River Watershed After BMP Implementation 
Duck River Impoundment Project 

Subshed Woods  Urban  Cultivation Pasture  SubTotal  

Total Phosphorus Load (lb/year) 

A 37 18 20 97 172 

D 39 11 36 105 192 

B 63 0 58 144 266 

C 62 20 63 116 261 

F 63 0 35 90 188 

E 112 0 41 210 363 

G 41 40 21 94 196 

H 63 5 5 36 108 

I 49 0 18 109 177 

K 37 0 23 146 206 

J 44 0 10 25 79 

 611 94 330 1172 2,208 

Total Nitrogen Load (lb/year) 

A 3,678 1,313 1,257 5,409 11,658 

D 3,897 812 2,332 5,883 12,924 

B 6,268 0 3,750 8,072 18,091 

C 6,183 1,405 4,035 6,492 18,115 

F 6,250 0 2,244 5,050 13,544 

E 11,079 0 2,651 11,781 25,511 

G 4,018 2,870 1,374 5,264 13,525 

H 6,198 337 322 1,991 8,848 

I 4,899 0 1,172 6,129 12,200 

K 3,673 0 1,465 8,202 13,341 

J 4,396 0 619 1,428 6,444 

 60,538 6,737 21,223 65,701 154,199 
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Based on the above nutrient loads and average flow of 50.245 cfs, the following in-stream TP 
and TN concentrations were determined: 

 TP  =  0.023 mg/L 
 TN  = 1.312 mg/L 
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Attachment A 
Water Quality Data 

TABLE A-1 
Water Quality Data Collected by TTL 
Duck River Water Supply Project 

Site Date TP  
(mg/L) 

TN  
(mg/L) 

Duck Creek @ County Road 1564 11/04/1997 0.07 3.485 

 11/18/1997 0.025 3.175 

 01/07/1998 0.94 3.175 

 02/10/1998 0.12 5.325 

 05/26/1998 0.025 1.105 

 08/10/1998 0.06 1.085 

Dry Branch @ County Road 1651 11/04/1997 0.1 2.385 

 11/18/1997 0.025 2.045 

 01/07/1998 0.25 3.245 

 02/10/1998 0.05 3.245 

 05/26/1998 0.11 1.535 

Duck River @ Alabama Highway 69 11/04/1997 0.08 3.775 

 11/18/1997 0.05 3.315 

 01/07/1998 0.14 4.085 

 02/10/1998 0.05 4.775 

 05/26/1998 0.12 1.505 

 08/10/1998 0.13 4.225 

Rock Creek @ County Road 1659 11/04/1997 0.07 3.325 

 11/18/1997 0.025 3.155 

 01/07/1998 0.25 4.455 

 02/10/1998 0.06 3.985 

 05/26/1998 0.08 1.755 

Wolf Creek @ County Road 1579 11/04/1997 0.09 2.665 

 11/18/1997 0.025 2.365 

 01/07/1998 0.94 3.245 
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TABLE A-1 
Water Quality Data Collected by TTL 
Duck River Water Supply Project 

Site Date TP  
(mg/L) 

TN  
(mg/L) 

 02/10/1998 0.08 3.895 

 05/26/1998 0.05 1.555 

 08/10/1998 0.025 0.785 

Pied Creek @ County Road 1567 11/04/1997 0.08 3.975 

 11/18/1997 0.025 3.885 

 01/07/1998 1.04 4.605 

 02/10/1998 0.06 5.165 

 05/26/1998 0.08 1.615 

Tributary to Duck Creek @ County Road 1563 08/11/1998 0.07 2.865 

 11/18/1997 0.025 3.205 

 01/07/1998 1.3 4.77 

 02/10/1998 0.025 3.79 

 05/26/1998 0.06 1.235 

 08/11/1998 0.06 0.945 

Duck River @ County Road 16 69 11/04/1997 0.07 3.405 

 11/18/1997 0.025 3.035 

 01/07/1998 0.18 3.875 

 02/10/1998 0.06 4.225 

 05/26/1998 0.09 1.375 

 08/11/1998 0.07 1.025 

Henderson Branch @ County Road 1647 11/04/1997 0.025 2.525 

 11/18/1997 0.025 2.085 

 01/07/1998 0.95 4.375 

 02/10/1998 0.025 3.475 

 05/26/1998 0.025 1.705 

 08/11/1998 0.025 1.035 

Duck River @ County Road  1651 11/04/1997 0.05 3.045 

 11/18/1997 0.025 2.755 

 01/07/1998 0.17 3.765 

 02/10/1998 0.09 4.175 
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TABLE A-1 
Water Quality Data Collected by TTL 
Duck River Water Supply Project 

Site Date TP  
(mg/L) 

TN  
(mg/L) 

 05/26/1998 0.06 1.655 

 08/11/1998 0.1 0.845 

Duck River @ Dam Site 11/04/1997 0.07 3.005 

 11/18/1997 0.025 2.685 

 01/07/1998 0.9 3.455 

 02/10/1998 0.07 4.365 

 05/26/1998 0.07 1.255 

 08/11/1998 0.06 0.855 

 

 

TABLE A-2 
Water Quality data From Duck Creek TMDL Report prepared by ADEM 
Duck River Water Supply Project 

Site Date TP (mg/L) TN (mg/L) 

DuckCreek04 05/28/1997 0.063 1.868 

DuckCreek04 06/26/1997 0.057 2.339 

DuckCreek04 07/22/1997 0.066 1.729 

DuckCreek04 08/28/1997 0.054 0.616 

DuckCreek04 04/20/1988 0.05 3.32 

DuckCreek04 05/17/1988 0.09 1.75 

DuckCreek04 06/29/1988 0.08 3.22 

DuckCreek04 07/20/1988 0.04 0.82 

DuckCreek04 08/31/1988 0.05 1.24 

DuckCreek04 09/28/1988 0.03 2.24 

DuckCreek04 10/26/1988 0.04 1.88 

DCK-4 06/04/1991 0.12 1.34 

DCK-4 07/10/1991 0.05 1.13 

DCK-4 08/09/1991 0.02 0.62 

DCK-4 09/10/1991 0.06 0.62 

DCK-4 10/08/1991 0.03 0.59 
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TABLE A-3 
Water Quality Data Compiled by Cullman County SWCD 
Duck River Water Supply Project 

Test Date Creek Phos  
(mg/L) 

NO3-N  
(mg/L) 

1990 Water Quality Test 

12/18/90 Duck 0.87 0.15 

07/03/90 Duck 0.095 0.55 

12/04/90 Duck 0.665 0.6 

05/08/90 Duck 0.18 0.75 

06/19/90 Duck 0.115 0.8 

07/17/90 Duck 0.105 0.9 

08/14/90 Duck 0.31 0.95 

06/05/90 Duck 0.1 1.2 

04/10/90 Duck 0.025 1.25 

07/31/90 Duck 0.305 1.4 

04/24/90 Duck 0.045 1.45 

05/22/90 Duck 0.25 1.45 

03/27/90 Duck 0.02 2.05 

03/13/90 Duck 0.045 2.1 

02/27/90 Duck 0.04 2.5 

08/28/90 Duck 0.125  

09/25/90 Duck 0.075  

10/09/90 Duck 0.07  

10/23/90 Duck 0.075  

11/06/90 Duck 0.04  

11/20/90 Duck 1.43  

9/90 Duck 0.225  

Water Watch data provided by SWCD 

11/25/2002 DR-1 0.28 4.78 

12/19/2002 DR-1 0.21 5.52 

04/23/2003 DR-1 0.02 2.94 

08/19/2003 DR-1 0.12 2.51 

Note: The Water Watch data is for TN and TP 
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The objective of this technical memorandum (TM) is to assess the effects of the proposed 
dam on the stream flow of the Mulberry Fork and the Duck River downstream of the dam. 
Figure 1 shows the Mulberry Fork watershed, the proposed Duck River Reservoir site, and 
the USGS gage # 02450000 Mulberry Fork near Garden City, AL. To analyze the 
downstream effects of the Duck River Reservoir, two sites were selected for conducting the 
streamflow analysis. The first site, located just downstream of the proposed dam, was 
selected to determine the effects of the dam on the 11 miles of the Duck River below the 
dam. The second site was selected at the USGS gage # 02450000 on the Mulberry Fork near 
Garden City to determine the effects of the dam on the Mulberry Fork.  

1. Effects of Proposed Dam on Downstream Portion of Duck River Below Dam  
To determine what amount of storage will be left in a given month after satisfying the 
mandatory downstream release and water supply withdrawals, a mass balance approach 
was used. The mass balance equation is given below: 

St = St-1 + Qin - Qout + PtAs - EtAs – Wt 

Where, St-1 = earlier month storage, V = volume, Qin = inflow, Qout = outflow, Pt = 
precipitation, Et = evaporation, As = surface area, Wt = current month withdrawal, and St = 
balance storage after the mandatory downstream release and water supply withdrawals. In 
determining the mandatory release, the Palmer Drought Index as defined by the National 
Oceanic and Atmospheric Administration (NOAA) was used to determine the flow regime 
and when the normal release regime will revert to the drought release regime. The drought 
index for the study area was obtained from (http://climvis.ncdc.noaa.gov/) during 1997 to 
2003, as presented in Fig. 2. Based on the Alabama Department of Environmental 
Management’s (ADEM’s) recommendation, a drought index of –2.5 was used to determine 
when releases will be changed. The recommended minimum flow releases from the 
proposed Duck River reservoir are given in Table 1. 
Fig. 3 presents the pre- and post-dam construction flows along with their difference plotted 
against time. This plot indicates that the proposed impoundment will capture the high flow 
events and release its stored flow during low flow events to maintain the desired aquatic life 
in the Duck River. As the main focus of this study is the impact of the proposed reservoir on 
downstream flow conditions fisheries and aquatic habitat, low flow conditions are studied 
in further detail. To identify the low flow events, annual 7Q10 stream flow (the 
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TABLE 1 
Recommended Minimum Flow Release 
Duck River Impoundment Project 

Month Drought Release (cfs) Normal Release (cfs)

Jan 14.5 16.0 

Feb 19.0 19.0 

Mar 20.5 20.5 

Apr 11.0 16.0 

May 4.5 16.0 

Jun 2.0 16.0 

Jul 1.5 16.0 

Aug 1.0 6.4 

Sep 1.0 6.5 

Oct 1.0 7.6 

Nov 1.0 16.0 

Dec 3.0 16.0 

 

minimum 7-day flow that occurs on average over a 10-yearrecurrence interval) was selected. 
Only 4 years of stage data are available at the USGS gage 02449840, near Berlin. Using these 
data, the US Army Corps of Engineers (COE) calculated the flow by applying the HEC-RAS 
model. As a long period of record is required to determine the 7Q10 statistic, the USGS-
recommended equation (Low Flow Characteristics of Alabama Stream, Bulletin 117) was 
used to calculate the 7Q10 for the Duck River. It was found that the 7Q10 for the Duck River 
was 3.74 cubic feet per second (cfs).  

After selecting the low flow months, the difference between the pre- and post-dam 
construction flow was calculated for each selected pair and a paired t-test was used the test 
the hypothesis of no impact. The calculation is summarized in Table 2. 

The other positive impact of the construction relates to the number of low flow events. 
Based on the data (Nov. 1997 to Sept. 2003), the number of low flow events in the pre-dam 
condition is 15, whereas this number was reduced to 6 in post-dam conditions. This may 
have a significant positive impact on the fisheries and aquatic life in the Duck River below 
the dam. Fig. 4 illustrates the effects of construction on the low flow conditions. Because 
there is a positive impact on the low flow, it can be concluded that there will also be a 
positive impact on the aquatic life. 
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TABLE 2 
Effects of Proposed Dam on Downstream Portion of Duck River Below Dam 
Duck River Impoundment Project 

Item  Value 

Number of low flow months  15 

Mean of differenced pairs -6 

Standard deviation of differenced pairs 5 

Coefficient of variation -0.89 

Standard Error 1.29 

Calculated t-statistic -4.36 

Critical t-statistic at 5% significance level  2.14 

Interpretation: 

(1) Because ⏐Calculated t-statistic⏐ > Critical t-statistic, the null hypothesis of no impact is rejected. 

(2) The mean difference is negative (-6), indicating that the post-dam flow is higher than the pre-dam flow. This 
suggests that the dam would have positive impacts during low flow events. 

 

2. Downstream Effects of Proposed Dam on Mulberry Fork  
Fig. 5 presents the 7-day minimum flow exceedance curve at the USGS gage # 02450000 on 
the Mulberry Fork near Garden City. Based on this plot, the 7Q10 is 38 cfs. Fig. 6 presents the 
stream flow comparison during both low and high flow conditions in the Mulberry Fork at 
the USGS gage near Garden City. Fig. 6(b) indicates that during all the low flow events, the 
post-dam stream flows are higher than in pre-dam construction conditions. Therefore, it 
appears that the construction of the Duck Creek impoundment will not have any adverse 
impact during low flow events because additional flow will be released from the 
impoundment. As further support of this observation, stream flows during low flow 
conditions (flow < 38 cfs) were selected and a paired t-test was performed to test the null 
hypothesis that dam construction would have no effect. Table 2 presents the details of the 
statistical test. 
 

TABLE 2 
Downstream Effects of Proposed Dam on Mulberry Fork 
Duck River Impoundment Project 

Item  Value 

Number of low flow months  9 

Mean of differenced pairs -6 

Standard deviation of differenced pairs 5 

Coefficient of variation -0.80 

Standard Error 1.58 
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TABLE 2 
Downstream Effects of Proposed Dam on Mulberry Fork 
Duck River Impoundment Project 

Item  Value 

Calculated t-statistic -3.75 

Critical t-statistic at 5% significance level  2.31 
Interpretation: 

(1) Because ⏐Calculated t-statistic⏐ > Critical t-statistic, the null hypothesis of no impact is rejected. 

(2) The mean difference is negative (-6), indicating that the post-dam flow is higher than the pre-dam flow. This 
suggests that the dam construction will have positive impacts during low flow events. 

 
Based on the paired t-test, the null hypothesis of no effect is rejected, indicating that the dam 
construction would have a significant effect on the Mulberry Fork. The mean difference 
between the pre- and post-dam construction is negative, indicating that the post-dam 
construction streamflow is larger than the pre-dam flow. This test indicates that the 
difference is significant during low flow conditions. Thus, one can conclude that 
construction of the Duck River impoundment will have a positive impact on the Mulberry 
Fork.  
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Figure 1: Mulberry Fork Watershed 
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Figure 2: Drought Index in Study Area During 1997 to 2003 
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 Figure 3: Pre- and Post-Dam Streamflow, Downstream of Dam in Duck River 
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Figure 4: Comparison of Low Flow in Pre- and Post-Dam Construction on Duck River 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 10 20 30 40 50 60 70 80

Flow (cfs)

Ex
ce

ed
an

ce
 P

ra
ba

bi
lit

y

 

Figure 5: 7-Day Minimum Flow Exceedance Curve for Mulberry Fork at USGS Gage # 
02450000 on Mulberry Fork near Garden City 
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Figure 6: Comparison of Pre- and Post-Dam Construction Flows  



 

Appendix C – Alabama Department of 
Environmental Management CAFO Regulations  
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Rules and Regulations 
The Alabama Department of Environmental Management (ADEM) Administrative Code 
Chapter 335-6-7 National Pollutant Discharge Elimination System (NPDES) outlines the 
Animal Feeding Operation (AFO) Compliance Program and Concentrated Animal Feeding 
Operation (CAFO) Registration Program. Owners and operators of a CAFO must meet the 
requirements for an AFO, as well as additional requirements. The Administrative Code 
defines a CAFO according to Table 1. 

TABLE 1 
Number of Animals Required to be a CAFO 

Animal Type 
Animal Units 

(AUs) 
 Per Animal 

 
Number of Animals 
to be Defined 
CAFO 

Confined/Concentrated Slaughter/Feeder Cattle 
(stockyards, feedlots, auction barns, etc.)  

1 1,000 

Mature Dairy Cows 1.4 700 

Laying Hens, Broilers, and Other Poultry 0.01 125,000 

Turkeys 0.02 55,000 

Swine     > 55 pounds 0.4 2,500 

Swine     > 15 Pounds and less than 55 Pounds 0.25 4,000 

Swine     < 15 Pounds 0.1 10,000 

Ducks 0.2 5,000 

Goats 0.16 6,250 

Horses 2 500 

Sheep or Lambs 0.1 10,000 

Emus or Other Ratites 0.16 6,250 

Rabbits 0.02 60,000 
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A CAFO is also defined as:  
         (1) A combination of animals that add up to 1,000 animal units (AUs). 
         (2) An AFO that does not implement ADEM best management practices (BMPs). 
         (3) An AFO with an unpermitted discharge. 

Table 2 lists the AFO requirements (ADEM Code Chapter 335-6-7). 

TABLE 2 
AFO Requirements 

AFO Requirement 

1 Discharges of animal waste or other pollutants from all AFOs to groundwater and surface waters are 
prohibited. 

2 Groundwater monitoring and cleanup measures can be required if a threat of groundwater contamination 
occurs. 

3 Fully implement and maintain effective BMPs that meet or exceed U.S. Department of Agriculture (USDA) 
Natural Resources Conservation Service (NRCS) technical standards and guidelines regarding animal 
waste collection, storage, treatment, handling, transport, proper nutrient planning, and/or land application 
that prevents discharges and does not cross property lines. 

4 Follow requirements of Alabama Department of Public Health (ADPH) regarding disease vector control and 
potential public health concerns. 

5 Follow requirements of Alabama Department of Agriculture and Industries (ADAI) State Veterinarian 
regarding animal disease and mortality management. 

6 Reduce odor to the maximum extent practicable using industry proven and scientifically supportable 
practices. 

7 New and expanding facilities must ensure substantial buffers/setbacks designed to ensure water quality and 
minimize offsite odor for confinement buildings and waste storage/treatment structures on the farm. 

8 Keep detailed records to document operation of facility, implementation of USDA NRCS guidelines, and 
proper storage, treatment, transport, and land application of wastes. 

9 In addition to ADEM inspections, perform self-inspection of the farm on a regular basis. 

10 Conduct soil testing of land application sites (currently at least once every 3 years). 

The CAFO requirements are presented in Table 3 (ADEM Code Chapter 335-6-7). 

TABLE 3 
CAFO Requirements 

CAFO Requirements 

1 Existing operations must register annually with ADEM to obtain NPDES permit coverage.  New or expanding 
operations must register or update registration prior to commencing new or expanded operations. 

2 Fully implement and maintain a comprehensive Waste Management System Plan (WMSP) certified by USDA 
NRCS or a private Qualified Credentialed Professional (QCP) that meets or exceeds USDA NRCS technical 
standards and guidelines regarding animal waste collection, storage, treatment, handling, transport, proper 
nutrient planning, and/or land application that prevents discharges and does not cross property lines.   

3 Have entire operation inspected/evaluated annually by QCP. 
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TABLE 3 
CAFO Requirements 

CAFO Requirements 

4 Have all waste conveyance/treatment/storage structures inspected/evaluated every 5 years by a professional 
engineer. 

5 Complete 8-16 hours of operator training annually. The Alabama Cooperative Extension System (ACES) and 
Auburn University, College of Agriculture (AUCA) will provide technical assistance and education and outreach 
delivery. 

6 As needed, prepare and implement an effective facility closure plan to protect groundwater and surface water 
quality.  

 

In addition, AFOs and CAFOs are subject to NPDES permitting for construction activities. 
According to the ADEM, “proposed CAFOs are required to obtain stormwater permit 
coverage including preparation of a site specific Construction Best Management Practices 
Plan (CBMPP).  This registration grants NPDES permit coverage for the construction and 
operation of the facility.” 

Also, “AFOs are required to obtain NPDES permit coverage under the ADEM 
Administrative Code Chapter 335-6-12 [Construction Program] for one (1) acre or greater 
disturbance unless they have voluntarily applied for and received registration approval 
from ADEM under ADEM Administrative Code Chapter 335-6-7 [CAFO Program].  After 
construction is complete, the AFO owner/operator can request termination of registration 
under either program and submit qualified credentialed professional (QCP) certification 
that the construction disturbance is complete, and all areas have been fully vegetated 
and/or stabilized.  The voluntary CAFO Program registration termination request must also 
include QCP certification that the WMSP, including the CBMPP and nutrient management 
components, have been prepared and fully implemented.” 

There are two registration options available to AFOs and CAFOs.  

(1) Proposed new CAFOs, AFOs expanding to become CAFOs, and expanding CAFOs 
must submit a Notice of Registration (NOR) and registration fee (if required) to the 
ADEM and their local Soil and Water Conservation District (SWCD) office 30 days 
before construction begins and 45 days before the beginning of the initial/expanded 
operation.  

(2) New AFOs and expanding AFOs may voluntarily register under the CAFO Program or 
the Construction Program.  Either the CAFO NOR must be submitted to the ADEM and 
the local SWCD office or the Construction NOR can be prepared by a QCP and 
submitted to the ADEM 15 days before construction begins (if construction will impact 
Tier 1 water body, 30 days is required). 

The ADEM WMSP for CAFOs must be certified by a QCP. 

A construction BMP plan must be implemented and maintained by a QCP.  Inspections 
should occur on a weekly basis. 
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Memorandum of Agreement 
ADEM established a memorandum of agreement (MOA) between it, the ACES, the ADAI, 
the ADPH, the Alabama Soil and Water Conservation Committee (ASWCC), AUCA, and 
the USDA NRCS.  The purpose of the MOA was to clarify the roles of each participant and 
leverage their resources, thereby preventing duplication of effort.  The MOA outlines the 
roles and responsibilities of each participating organization.  

The primary role of the ACES is to educate and train farmers and provide outreach and 
educational materials. The ACES has agreed to educate operators and owners of feeding 
operations; provide training opportunities; coordinate meetings with the agriculture 
community; produce and distribute educational and outreach materials; serve as the 
primary source of information about AFOs and CAFOs to the agricultural community; and 
track AFO and CAFO information in a database. 

The ADAI has been given the authority to control, eradicate, and prevent the spread of 
contagious and infectious disease through the proper disposal of animal carcasses and 
waste. The ADAI is charged with developing a statewide Agricultural Waste Vendor 
Certification Program to address land application of manure, litter, and compost; develop 
composted dead animal and litter reporting procedures; and provide information for the 
information tracking database. 

ADEM is responsible for enforcing the NPDES Program, certain parts of Coastal Zone Act 
Reauthorization Amendments (CZARA), and the inter-operation of regulatory 
requirements.  The ADEM has agreed to draft and adopt the new CAFO rules, adopt NRCS 
technical standards and guidelines, assist ASWCC in updating the tracking database, and 
ensure the waste management plan (WMP) complies with all other water pollution control 
statutes, rules, and regulations. 

The role of the ADPH is to provide public health technical assistance.  The ADPH has 
agreed to provide epidemiological support, consultation on zoonotic disease risks, technical 
advice in human health risk assessment associated with animal waste/chemical runoff, and 
technical advice to AFOs and CAFOs. 

The ASWCC is working with other agencies and the states’ SWCDs to carry out local 
programs and advise the Alabama Agricultural and Conservation Development 
Commission. The ASWCC will be primarily responsible for the information tracking 
database. 

AUCA has agreed to provide extension specialist program leadership to ACES. AUCA will 
also work with NRCS to develop guidelines for WMPs, help facilitate an inter-agency 
education team, draft and implement a statewide education plan with ACES, aid ACES in 
developing educational materials, and cooperate with ACES and others in designing and 
conducting animal waste training. 

The USDA NRCS is responsible for the promotion of the Food Security Act and the Farm 
Bill. Along with the SWCDs, the NRCS provides assistance to each county. The NRCS has 
also agreed to provide technical assistance to agricultural producers and organizations; 
design and inspect animal waste management BMPs; ensure all AFO and CAFO WMPs 
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meet standards; approve QCPs; review animal WMSPs; and provide conservation planning 
and technical assistance to producers.  

Implementation Guidelines 
Various rules, standards, and programs have been implemented to guide AFO and CAFO 
owners and operators in compliance with the ADEM’s rules and regulations. 

The National Weather Service maintains a Farmers Land Application Weather Map. It 
provides guidance to farmers as to when they can or cannot apply animal waste based on 
the weather forecast. If there is less than a 50 percent chance of rain over a 3-day period, the 
farmer is allowed to apply animal waste. If there is more than a 50 percent chance of rain, 
the farmer must consult the “Farmers Land Application Weather Map,” which can be found 
at http://www.srh.noaa.gov/bmx/data/farmers_map/farmers_map.html.  Farmers who 
are not located in a white area and who have a nutrient management plan (NMP) can print 
a copy of the map for their records and apply the waste according to the NMP. Farmers who 
do not have NMPs must take measures to document and make certain that the land 
application meets or surpasses the ADEM rules and the NRCS standards and guidelines. 

The NRCS and ADEM have established buffer distances for AFOs.  In general, the NRCS 
recommendation or standard would be stricter than those established by ADEM.  

The NRCS has established nutrient management conservation practice standards.  These 
standards aid the AFO and CAFO owner and operator in the development of a nutrient 
management plan. 

Duck River Assessment 
ADEM performed a survey of the AFOs in the Duck River watershed.  Of the 139 facilities 
identified, 38 percent had minor BMP deficiencies; the rest had no deficiencies.  There were 
two dairy farms (one with liquid waste management and the other with dry waste 
management) and 137 poultry facilities found in the watershed. ADEM concluded that there 
is a high rate of compliance with the AFO and CAFO Programs. 



 

Appendix D – Alabama Department of 
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ADEM FIELD OPERATIONS DIVISION 
DUCK RIVER WATERSHED AFO SURVEY (Hydrologic Unit Code 03160109-020) 

 
The Mining & Nonpoint Source Section of the Alabama Department of Environmental Management (ADEM) 
Field Operations Division conducted a comprehensive watershed study of all animal feeding operations (AFOs) 
in the Duck River Watershed (Hydrologic Unit Code 03160109-020) in Cullman County, between November 
17, 2003, and January 16, 2004.  The watershed was initially included on the 1996 CWA Section 303(d) list for 
Alabama.  A Total Maximum Daily Load (TMDL) addressing low dissolved oxygen and organic loading 
concerns was completed in February, 2002.  The purpose of the study was to identify and inspect all AFOs 
within the drainage basin.  The facilities were identified through several means including county tax records, in-
the-field reconnaissance, and information provided by cooperating agencies.  Lists of all operating dairies and 
existing stockyards, along with copies of animal mortality management inspection reports for all known poultry 
production facilities were obtained.  A total of 154 facilities were inspected during the study.  Fifteen (15) of the 
sites at the margin of the Duck River watershed, were later determined to be located in an adjacent watershed.  
Of the 139 facilities identified the Duck River watershed, 87 were determined to be active facilities and 52 were 
either inactive or converted to other uses.  Two (2) dairies were identified with the remaining 137 facilities 
being either poultry broiler operations, poultry breeder/pullet operations, or poultry layer operations.  One of the 
dairies utilized a liquid waste management system, and the second dairy and 151 poultry facilities all utilized 
dry waste management practices.  Of the 87 active facilities, no deficiencies were noted at 41 facilities and 33 
facilities were found to have minor deficiencies.  In addition, appropriate compliance/enforcement action is in 
progress at 13 facilities.  154 Total sites inspected during study (15 sites located in an adjacent watershed).  139 
Facilities inspected within the Duck River watershed.  87 (63%) sites were active; 37% of the sites were 
inactive or converted to other uses; 2 Dairies (1 liquid and 1 dry waste management) were inspected; 137 
poultry broiler, breeder/pullet, or layer operations (all dry waste management) were inspected.  No deficiencies 
were noted at 41 (47%) sites; Minor BMP deficiencies were noted at 33 (38%) sites; Appropriate 
compliance/enforcement is in progress at 13 (15%) sites.  The results of this study indicate a high rate of 
compliance with the ADEM AFO/CAFO Program Rules.  
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Appendix E – Clean Water Action Plan

 































 

Appendix F – Hydrologic Analysis 
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Water Balance Analysis 

Water Balance - Duck River  
In order to determine the downstream effects of damming Duck River, a series of calculations 
were performed. Equation A was used to calculate the water balance in the Duck River sub-
watershed before and after the proposed impoundment is built.  
 
Equation A Sf -So = Qin - Qout +PAs - EAs - W  
where, Sf: final storage (mgd)  
So: initial storage (mgd)  
Qin: flow in (mgd)  
Qout:flow out (mgd)  
P: precipitation (inch/year)  
E: evaporation (inch/year)  
A: area (acres)  
W: withdrawal (mgd)  
 
This equation determines the change in storage as flow in, precipitation, and evaporation. Final 
storage is always calculated using Equation A. The initial storage is 36 mgd (EA, 1999). After 
the first iteration, the initial storage is equal to the final storage from the previous month. The 
flow in is simply the flow the Duck River directly upstream of the dam, which was calculated by 
the Corps. The flow out is determined from the minimum release (Table 5.5, EA, 1999) and the 
Palmer Drought Index. The Palmer Drought Severity Index for Division 02 of Alabama was 
downloaded from the National Climatic Data Center. When the Palmer Index dropped below -
2.5, the drought release was used, when the drought index reach zero or a positive number the 
normal release was used. The average annual precipitation, evaporation, area, and withdrawal 
were obtained from the Environmental Assessment. Table 1 displays the results of the water 
balance calculation.  
 
Water Balance - Mulberry Fork  
The water balance for Mulberry Fork was calculated in a similar manner. Equation B is the same 
as Equation A without the storage and withdrawal terms. Since there is no reservoir on 
Mulberry Fork, there is no need to include those terms. A term for the flow from Duck River is 
included in order to determine the effects of the proposed dam.  
 
Equation B QoutMF = QinMF + QinDR + PAs - EAs  
where, QoutMF: flow out of Mulberry Fork below the USGS gage at Garden City (mgd)  
QinMF: flow in to Mulberry Fork above the USGS gage at Garden City (mgd)  
QinDR: flow in from Duck River (mgd)  
 
The flow out of Mulberry Fork is calculated without the dam by using the Qin from Equation A. 
The flow out of Mulberry Fork after the dam is constructed is calculated using Qout from 
Equation A. The results of this calculation is shown in Tables 2 and 3.  
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Water Balance - Bankhead Lock and Dam  
A water balance was performed at the USGS gage at Bankhead Lock and Dam to determine the 
downstream effects much further down from the proposed impoundment. Two different 
equations were used to examine the downstream effects at the Bankhead reservoir. Equation C 
is for the calculation without the dam and Equation D is with the dam.  
 
Equation C QoutBH = QinBH + PAs - EAs - W  
where, QoutBH: flow out of Bankhead Lock and Dam (mgd)  
QinBH: flow in to Bankhead Lock and Dam (mgd)  
Equation D QoutBH = QinBH + PAs - EAs - W - QoutDRChange  
where, QoutDRChange: the change in flow out of Duck River (mgd)  
 
Equation C is a very simply equation. The flow into Bankhead and the precipitation should equal 
the flow out of Bankhead, the evaporation, and withdrawal. The withdrawal for Bankhead 
Reservoir is 85 mgd. When the impoundment on Duck River is introduced (Equation D) the 
impact is represented by the change in flow coming from Duck River. This change is the 
difference between the flow out of Duck River before and after the dam is constructed. The 
results of both calculations are displayed in Tables 4 and 5. 
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TABLE 1 
Results of the Water Balance Calculation for Duck River at the Dam Site* 
Supplement to Duck River Impoundment EA 

Date So (MGD) Sf (MGD) Qin (cfs) Qin 
(MGD) 

Palmer Drought 
Index 

Flow 
regime 

Qout 
(cfs) 

Qout 
(MGD) 

         

Nov-97 321 305 33.11 21 3.40 Normal 16.0 10 

Dec-97 305 306 59.44 38 2.87 Normal 16.0 10 

Jan-98 306 387 181.80 117 3.21 Normal 16.0 10 

Feb-98 387 437 137.72 89 3.30 Normal 19.0 12 

Mar-98 437 466 107.35 69 2.84 Normal 20.5 13 

Apr-98 466 501 110.16 71 3.17 Normal 16.0 10 

May-98 501 484 31.68 20 -0.50 Normal 16.0 10 

Jun-98 484 454 11.29 7 -0.62 Normal 16.0 10 

Jul-98 454 420 4.27 3 -0.79 Normal 16.0 10 

Aug-98 420 390 1.93 1 -0.64 Normal 6.4 4 

Sep-98 390 360 0.01 0 -1.56 Normal 6.5 4 

Oct-98 360 328 0.01 0 -2.22 Normal 7.6 5 

Nov-98 328 291 0.01 0 -2.08 Normal 16.0 10 

Dec-98 291 273 30.13 19 0.31 Normal 16.0 10 

Jan-99 273 292 86.38 56 1.06 Normal 16.0 10 

Feb-99 292 319 101.45 66 -0.35 Normal 19.0 12 

Mar-99 319 339 92.35 60 -0.47 Normal 20.5 13 

Apr-99 339 345 66.90 43 -0.92 Normal 16.0 10 

May-99 345 329 32.09 21 0.19 Normal 16.0 10 

Jun-99 329 327 55.29 36 1.75 Normal 16.0 10 

Jul-99 327 306 24.12 16 -0.33 Normal 16.0 10 

Aug-99 306 275 0.01 0 -1.40 Normal 6.4 4 

Sep-99 275 244 0.01 0 -2.03 Normal 6.5 4 

Oct-99 244 213 0.01 0 -1.94 Normal 7.6 5 

Nov-99 213 176 0.01 0 -2.30 Normal 16.0 10 

Dec-99 176 147 0.01 0 -2.70 Drought 3.0 2 

Jan-00 147 147 56.14 36 -2.26 Drought 14.5 9 
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TABLE 1 
Results of the Water Balance Calculation for Duck River at the Dam Site* 
Supplement to Duck River Impoundment EA 

Date So (MGD) Sf (MGD) Qin (cfs) Qin 
(MGD) 

Palmer Drought 
Index 

Flow 
regime 

Qout 
(cfs) 

Qout 
(MGD) 

Feb-00 147 129 31.86 21 -2.86 Drought 19.0 12 

Mar-00 129 158 107.20 69 -2.64 Drought 20.5 13 

Apr-00 158 228 159.89 103 -1.29 Drought 11.0 7 

May-00 228 203 6.64 4 -2.01 Drought 4.5 3 

Jun-00 203 176 1.92 1 -1.91 Drought 2.0 1 

Jul-00 176 148 0.44 0 -2.73 Drought 1.5 1 

Aug-00 148 121 0.01 0 -3.42 Drought 1.0 1 

Sep-00 121 94 0.01 0 -3.42 Drought 1.0 1 

Oct-00 94 67 0.01 0 -3.97 Drought 1.0 1 

Nov-00 67 78 75.34 49 1.16 Normal 16.0 10 

Dec-00 78 81 60.81 39 0.50 Normal 16.0 10 

Jan-01 81 101 88.33 57 0.50 Normal 16.0 10 

Feb-01 101 133 110.57 71 0.21 Normal 19.0 12 

Mar-01 133 210 180.28 117 0.64 Normal 20.5 13 

Apr-01 210 205 49.39 32 0.27 Normal 16.0 10 

May-01 205 178 16.69 11 0.52 Normal 16.0 10 

Jun-01 178 153 18.50 12 1.22 Normal 16.0 10 

Jul-01 153 132 24.56 16 1.16 Normal 16.0 10 

Aug-01 132 128 40.81 26 1.99 Normal 6.4 4 

Sep-01 128 132 54.94 36 2.43 Normal 6.5 4 

Oct-01 132 114 19.81 13 2.33 Normal 7.6 5 

Nov-01 114 86 15.19 10 -0.07 Normal 16.0 10 

Dec-01 86 126 119.14 77 -0.12 Normal 16.0 10 

Jan-02 126 155 100.80 65 0.11 Normal 16.0 10 

Feb-02 155 142 41.42 27 -0.60 Normal 19.0 12 

Mar-02 142 150 74.37 48 -0.39 Normal 20.5 13 

Apr-02 150 131 27.81 18 -1.22 Normal 16.0 10 

May-02 131 125 48.05 31 0.70 Normal 16.0 10 

Jun-02 125 93 7.35 5 0.71 Normal 16.0 10 
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TABLE 1 
Results of the Water Balance Calculation for Duck River at the Dam Site* 
Supplement to Duck River Impoundment EA 

Date So (MGD) Sf (MGD) Qin (cfs) Qin 
(MGD) 

Palmer Drought 
Index 

Flow 
regime 

Qout 
(cfs) 

Qout 
(MGD) 

Jul-02 93 60 5.29 3 0.73 Normal 16.0 10 

Aug-02 60 29 0.16 0 0.48 Normal 6.4 4 

Sep-02 29 6 12.66 8 1.42 Normal 6.5 4 

Oct-02 6 3 43.46 28 1.60 Normal 7.6 5 

Nov-02 3 22 87.52 57 1.88 Normal 16.0 10 

Dec-02 22 48 97.42 63 2.05 Normal 16.0 10 

Jan-03 48 41 46.57 30 1.23 Normal 16.0 10 

Feb-03 41 135 204.61 132 1.91 Normal 19.0 12 

Mar-03 135 143 74.47 48 0.95 Normal 20.5 13 

Apr-03 143 136 46.84 30 0.75 Normal 16.0 10 

May-03 136 197 152.08 98 3.11 Normal 16.0 10 

Jun-03 197 179 29.15 19 3.28 Normal 16.0 10 

Jul-03 179 150 12.35 8 3.04 Normal 16.0 10 

Aug-03 150 122 4.40 3 3.40 Normal 6.4 4 

Sep-03 122 97 8.07 5 3.24 Normal 6.5 4 

* Upstream of USGS gage station near Berlin 

 



TABLE 2 
Results of Water Balance Calculation for Mulberry Fork at Garden City without the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date QinMF (cfs) QinMF (MGD) QinDR (cfs) QinDR (MGD) Qout (MGD) Qout (cfs) 

Nov-97 485 313 33.11 21 335 518 

Dec-97 678 438 59.44 38 477 737 

Jan-98 2538 1,641 181.80 117 1,758 2720 

Feb-98 1946 1,257 137.72 89 1,346 2083 

Mar-98 1569 1,014 107.35 69 1,083 1676 

Apr-98 1658 1,071 110.16 71 1,142 1768 

May-98 355 229 31.68 20 250 386 

Jun-98 240 155 11.29 7 162 251 

Jul-98 92 60 4.27 3 62 96 

Aug-98 62 40 1.93 1 41 64 

Sep-98 21 13 0.01 0 13 21 

Oct-98 22 14 0.01 0 14 22 

Nov-98 55 36 0.01 0 36 55 

Dec-98 523 338 30.13 19 357 553 

Jan-99 1987 1,284 86.38 56 1,340 2073 

Feb-99 1274 823 101.45 66 889 1376 

Mar-99 1149 742 92.35 60 802 1241 

Apr-99 780 504 66.90 43 547 847 

May-99 497 321 32.09 21 342 529 

Jun-99 737 476 55.29 36 512 792 

Jul-99 348 225 24.12 16 241 372 

Aug-99 38 24 0.01 0 24 38 

Sep-99 23 15 0.01 0 15 23 

Oct-99 24 16 0.01 0 16 24 

Nov-99 38 24 0.01 0 24 38 

Dec-99 52 34 0.01 0 34 52 

Jan-00 397 257 56.14 36 293 453 

Feb-00 367 237 31.86 21 258 398 

Mar-00 1419 917 107.20 69 986 1526 

Apr-00 1935 1,251 159.89 103 1,354 2095 



TABLE 2 
Results of Water Balance Calculation for Mulberry Fork at Garden City without the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date QinMF (cfs) QinMF (MGD) QinDR (cfs) QinDR (MGD) Qout (MGD) Qout (cfs) 

May-00 130 84 6.64 4 88 137 

Jun-00 76 49 1.92 1 51 78 

Jul-00 39 25 0.44 0 25 39 

Aug-00 24 16 0.01 0 16 24 

Sep-00 30 19 0.01 0 19 30 

Oct-00 18 11 0.01 0 11 18 

Nov-00 461 298 75.34 49 347 536 

Dec-00 528 341 60.81 39 381 589 

Jan-01 1031 666 88.33 57 724 1120 

Feb-01 1559 1,007 110.57 71 1,079 1669 

Mar-01 2501 1,616 180.28 117 1,733 2681 

Apr-01 1080 698 49.39 32 730 1129 

May-01 221 143 16.69 11 154 238 

Jun-01 320 207 18.50 12 219 339 

Jul-01 209 135 24.56 16 151 234 

Aug-01 289 187 40.81 26 213 330 

Sep-01 565 365 54.94 36 401 620 

 

 



 

TABLE 3 
Results of Water Balance Calculation for Mulberry Fork at Garden City with the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date QinMF (cfs) QinMF (MGD) QinDR (cfs) QinDR (MGD) Qout (MGD) Qout (cfs) 

Nov-97 485 313 16 10 324 501 

Dec-97 678 438 16 10 448 694 

Jan-98 2538 1,641 16 10 1,651 2554 

Feb-98 1946 1,257 19 12 1,270 1965 

Mar-98 1569 1,014 21 13 1,027 1590 

Apr-98 1658 1,071 16 10 1,082 1674 

May-98 355 229 16 10 240 371 

Jun-98 240 155 16 10 166 256 

Jul-98 92 60 16 10 70 108 

Aug-98 62 40 6 4 44 68 

Sep-98 21 13 7 4 17 27 

Oct-98 22 14 8 5 19 30 

Nov-98 55 36 16 10 46 71 

Dec-98 523 338 16 10 348 539 

Jan-99 1987 1,284 16 10 1,294 2003 

Feb-99 1274 823 19 12 836 1293 

Mar-99 1149 742 21 13 756 1169 

Apr-99 780 504 16 10 514 796 

May-99 497 321 16 10 331 513 

Jun-99 737 476 16 10 487 753 

Jul-99 348 225 16 10 235 364 

Aug-99 38 24 6 4 29 44 

Sep-99 23 15 7 4 19 30 

Oct-99 24 16 8 5 21 32 

Nov-99 38 24 16 10 35 54 

Dec-99 52 34 3 2 36 55 

Jan-00 397 257 15 9 266 412 

Feb-00 367 237 19 12 249 386 

Mar-00 1419 917 21 13 930 1440 



TABLE 3 
Results of Water Balance Calculation for Mulberry Fork at Garden City with the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date QinMF (cfs) QinMF (MGD) QinDR (cfs) QinDR (MGD) Qout (MGD) Qout (cfs) 

Apr-00 1935 1,251 11 7 1,258 1946 

May-00 130 84 5 3 87 135 

Jun-00 76 49 2 1 51 78 

Jul-00 39 25 2 1 26 40 

Aug-00 24 16 1 1 16 25 

Sep-00 30 19 1 1 20 31 

Oct-00 18 11 1 1 12 19 

Nov-00 461 298 16 10 308 477 

Dec-00 528 341 16 10 352 544 

Jan-01 1031 666 16 10 677 1047 

Feb-01 1559 1,007 19 12 1,020 1578 

Mar-01 2501 1,616 21 13 1,630 2522 

Apr-01 1080 698 16 10 708 1096 

May-01 221 143 16 10 153 237 

Jun-01 320 207 16 10 217 336 

Jul-01 209 135 16 10 146 225 

Aug-01 289 187 6 4 191 295 

Sep-01 565 365 7 4 369 572 
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TABLE 4 
Results of Water Balance Calculation for Bankhead Lock and Dam without the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date QinBH (cfs) QinBH (MGD) Qout (MGD) Qout (cfs) 

Nov-97 3604 2,329 2,244 3473 

Dec-97 7307 4,723 4,592 7105 

Jan-98 28444 18,383 18,383 28444 

Feb-98 17599 11,374 11,289 17468 

Mar-98 15422 9,967 9,882 15291 

Apr-98 12789 8,265 8,180 12658 

May-98 3219 2,080 1,995 3087 

Jun-98 2002 1,294 1,209 1870 

Jul-98 2066 1,335 1,250 1934 

Aug-98 2308 1,491 1,406 2176 

Sep-98 1091 705 620 960 

Oct-98 515 333 248 384 

Nov-98 680 440 355 549 

Dec-98 6287 4,063 3,978 6155 

Jan-99 19841 12,822 12,737 19709 

Feb-99 10603 6,852 6,767 10471 

Mar-99 10949 7,076 6,991 10818 

Apr-99 5054 3,266 3,181 4923 

May-99 4855 3,137 3,052 4723 

Jun-99 5965 3,855 3,770 5834 

Jul-99 2621 1,694 1,609 2490 

Aug-99 1278 826 741 1147 

Sep-99 1021 660 575 890 

Oct-99 646 417 332 514 

Nov-99 904 584 499 772 

Dec-99 1872 1,210 1,125 1741 

Jan-00 3866 2,498 2,413 3734 

Feb-00 2618 1,692 1,607 2486 

Mar-00 34311 22,174 22,089 34179 



TABLE 4 
Results of Water Balance Calculation for Bankhead Lock and Dam without the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date QinBH (cfs) QinBH (MGD) Qout (MGD) Qout (cfs) 

Apr-00 9242 5,973 5,888 9110 

May-00 1354 875 790 1222 

Jun-00 1330 859 774 1198 

Jul-00 1741 1,125 1,040 1609 

Aug-00 1412 912 827 1280 

Sep-00 1116 721 636 984 

Oct-00 717 463 378 585 

Nov-00 2666 1,723 1,638 2534 

Dec-00 2252 1,456 1,371 2121 

Jan-01 8689 5,616 5,531 8558 

Feb-01 13191 8,525 8,440 13060 

Mar-01 29213 18,879 18,794 29081 

Apr-01 10491 6,780 6,695 10360 

May-01 3652 2,360 2,275 3520 

Jun-01 5509 3,560 3,475 5378 

Jul-01 2379 1,538 1,453 2248 

Aug-01 9692 6,264 6,179 9561 

 

 



TABLE 5 
Results of Water Balance Calculation for Bankhead Lock and Dam with the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date 
QinDR (MGD) 
w/out Dam 

QinDR\ (MGD) w 
Dam 

QinMF (MGD) 
Change QinBH (cfs) QinBH (MGD) Qout (MGD) Qout (cfs) 

Nov-97 21 10 11.06 3473 2,244 2,148 3324 

Dec-97 38 10 28.07 7105 4,592 4,479 6930 

Jan-98 117 10 107.15 28444 18,383 18,190 28147 

Feb-98 89 12 76.73 17468 11,289 11,127 17217 

Mar-98 69 13 56.13 15291 9,882 9,741 15072 

Apr-98 71 10 60.85 12658 8,180 8,034 12432 

May-98 20 10 10.13 3087 1,995 1,900 2940 

Jun-98 7 10 -3.05 1870 1,209 1,127 1743 

Jul-98 3 10 -7.58 1934 1,250 1,173 1814 

Aug-98 1 4 -2.89 2176 1,406 1,324 2049 

Sep-98 0 4 -4.20 960 620 539 835 

Oct-98 0 5 -4.91 384 248 168 260 

Nov-98 0 10 -10.34 549 355 280 433 

Dec-98 19 10 9.13 6155 3,978 3,884 6009 

Jan-99 56 10 45.48 19709 12,737 12,607 19507 

Feb-99 66 12 53.28 10471 6,767 6,629 10257 

Mar-99 60 13 46.43 10818 6,991 6,860 10614 

Apr-99 43 10 32.90 4923 3,181 3,063 4740 

May-99 21 10 10.40 4723 3,052 2,957 4575 



TABLE 5 
Results of Water Balance Calculation for Bankhead Lock and Dam with the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date 
QinDR (MGD) 
w/out Dam 

QinDR\ (MGD) w 
Dam 

QinMF (MGD) 
Change QinBH (cfs) QinBH (MGD) Qout (MGD) Qout (cfs) 

Jun-99 36 10 25.39 5834 3,770 3,660 5663 

Jul-99 16 10 5.25 2490 1,609 1,519 2350 

Aug-99 0 4 -4.13 1147 741 660 1022 

Sep-99 0 4 -4.20 890 575 494 764 

Oct-99 0 5 -4.91 514 332 252 390 

Nov-99 0 10 -10.34 772 499 424 656 

Dec-99 0 2 -1.93 1741 1,125 1,042 1612 

Jan-00 36 9 26.91 3734 2,413 2,301 3561 

Feb-00 21 12 8.31 2486 1,607 1,513 2342 

Mar-00 69 13 56.03 34179 22,089 21,948 33961 

Apr-00 103 7 96.22 9110 5,888 5,706 8830 

May-00 4 3 1.38 1222 790 703 1088 

Jun-00 1 1 -0.05 1198 774 689 1067 

Jul-00 0 1 -0.68 1609 1,040 956 1479 

Aug-00 0 1 -0.64 1280 827 743 1149 

Sep-00 0 1 -0.64 984 636 552 854 

Oct-00 0 1 -0.64 585 378 294 455 

Nov-00 49 10 38.35 2534 1,638 1,514 2343 

Dec-00 39 10 28.96 2121 1,371 1,256 1944 

Jan-01 57 10 46.75 8558 5,531 5,399 8354 



TABLE 5 
Results of Water Balance Calculation for Bankhead Lock and Dam with the Duck River Impoundment 
Supplement to Duck River Impoundment EA 

Date 
QinDR (MGD) 
w/out Dam 

QinDR\ (MGD) w 
Dam 

QinMF (MGD) 
Change QinBH (cfs) QinBH (MGD) Qout (MGD) Qout (cfs) 

Feb-01 71 12 59.18 13060 8,440 8,296 12837 

Mar-01 117 13 103.26 29081 18,794 18,606 28790 

Apr-01 32 10 21.58 10360 6,695 6,588 10195 

May-01 11 10 0.45 3520 2,275 2,190 3388 

Jun-01 12 10 1.62 5378 3,475 3,389 5243 

Jul-01 16 10 5.53 2248 1,453 1,362 2107 

Aug-01 26 4 22.24 9561 6,179 6,072 9395 
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