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Comparisons
 

No Action (RIOP)
 
Recommended Plan – (Modified RIOP)
 
• Generation 

– Total Annual 
– Average Monthly Total 

• Reservoir Elevations 
– Range 
– Average, Maximum, Minimum 
– Duration: Annual, Monthly 

• Flow 
– Average Daily: Atlanta, Columbus, George Andrews, Chattahoochee Gage 
– Minimum Daily: Atlanta, Columbus, George Andrews, Chattahoochee Gage 
– Annual Duration: Atlanta, Columbus, George Andrews, Chattahoochee Gage 
– Yearly Average Duration: Atlanta, Columbus, George Andrews, Chattahoochee Gage 
– Monthly Duration: Chattahoochee Gage 
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AMENDED BIOLOGICAL ASSESSMENT
 
Modifications to the Revised Interim Operations Plan (RIOP) for Jim Woodruff 


Dam and the Associated Releases to the Apalachicola River 


INTRODUCTION 

On 1 June 2008, the U.S. Fish and Wildlife Service (FWS) released a Biological Opinion 
(BO) on the U.S. Army Corps of Engineers, Mobile District (Corps), Revised Interim 
Operations Plan (RIOP) for Jim Woodruff Dam and the associated releases to the 
Apalachicola River (USFWS 2008).  The BO addressed the effects of Corps operations at 
Jim Woodruff Dam on Federally listed endangered or threatened species and critical 
habitat for those species. Species of concern include the threatened Gulf sturgeon 
(Acipenser oxyrinchus desotoi) and critical habitat for the Gulf sturgeon; the endangered 
fat threeridge mussel (Amblema neislerii); the threatened purple bankclimber mussel 
(Elliptoideus sloatianus); the threatened Chipola slabshell mussel (Eliptio chipolaensis) 
and critical habitat for the listed mussels. As described in the BO, the operations 
regarding releases to the Apalachicola River were described in a revised interim plan, 
since consultation on the overall project operations for the Apalachicola, Chattahoochee, 
Flint Rivers (ACF) system would be deferred until future efforts to update the water 
control plans and basin manual for the system.  This Amended Biological Assessment 
(BA) addresses effects to these same four species for the Corps’ proposed modification to 
the RIOP. The Corps re-initiated consultation on the RIOP in September 2010 based on 
new information about the distribution and mortality of endangered fat threeridge 
mussels in the Apalachicola River. This BA is based on numerous conference calls and 
coordination meetings between the Corps and FWS since the re-initiation began.  The 
proposed modifications to the RIOP are a product of these discussions and extensive 
hydrologic modeling by the Corps utilizing the HEC-ResSim simulation software. 

DESCRIPTION OF PROPOSED ACTION 

Like the current RIOP, the proposed action specifies two parameters applicable to the 
daily releases from Jim Woodruff Dam:  a minimum discharge and a maximum fall rate.  
Also like the current RIOP, the proposed action places limitations on refill, but does not 
require a net drawdown of composite storage unless basin inflow is less than 5,000 cfs.  
However, the proposed action includes several modifications to the current RIOP.  The 
intent of the modifications is to further minimize or avoid adverse effects on listed 
species as a result of Corps’ discretionary operations at Jim Woodruff Dam.  The 
modifications include 1) elimination of the use of volumetric balancing as described in 
the May 16, 2007 letter to USFWS; 2) minimum flow releases will match basin inflow 
when basin inflow is between 5,000 and 10,000 cubic feet per second (cfs) at all times 
outside of the spawning season (this provision is suspended during drought contingency 
operations); 3) drought contingency operations are not suspended and normal operations 
reinstituted until such a time as the composite conservation storage has recovered above 
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Zone 2 into Zone 1; and 4) in accordance with RPM 2008-4 of the RIOP BO (USFWS 
2008), formal adoption of an additional Gulf sturgeon spawning season (March-May) 
provision which ensures that river stage declines of 8 feet or more will not occur in less 
than 14 days when river flows are less than 40,000 cfs (under both normal and drought 
operations). 

The proposed action does not change the current RIOP basin inflow calculation (7-day 
moving average daily basin inflow), use of Chattahoochee gage (USGS number 
02358000) to measure releases/river flow, limited hydropower peaking operations at Jim 
Woodruff Dam, nor conditions under which maintenance of the minimum release and 
maximum fall rate schedule are suspended and more conservative drought contingency 
operations begin. Like the current RIOP, the proposed action is considered an interim 
operations plan for Jim Woodruff Dam, pending a future update of the ACF Water 
Control Plan (WCP). The WCP update is currently ongoing.  A detailed description of 
the proposed action and how it modifies the current RIOP is provided below. 

Minimum Discharge:  Like the current RIOP, the proposed action varies minimum 
discharges from Jim Woodruff Dam by basin inflow, composite conservation storage 
level, and by month and the releases are measured as a daily average flow in cfs at the 
Chattahoochee gage. Table 1 shows minimum releases from Jim Woodruff Dam 
prescribed by the proposed action and shows when and how much basin inflow is 
available for increasing reservoir storage.  Except when basin inflow is less than 5,000 
cfs, the minimum releases are not required to exceed basin inflow.  The current RIOP 
defines basin inflow threshold levels that vary by three seasons: spawning season 
(March-May); non-spawning season (June-November); and winter (December-February).  
The current RIOP also incorporates composite conservation storage thresholds that factor 
into minimum release decisions.  Composite conservation storage is calculated by 
combining the conservation storage of Lake Sidney Lanier, West Point Lake, and Walter 
F. George Lake. Each of the individual storage reservoirs consists of four Zones.  These 
Zones are determined by the operational guide curve for each project.  The composite 
conservation storage utilizes the four Zone concepts as well; i.e., Zone 1 of the composite 
conservation storage represents the combined conservation storage available in Zone 1 
for each of the three storage reservoirs.   

During the spawning season (March-May), two sets of four basin inflow thresholds and 
corresponding releases exist based on composite conservation storage.  In accordance 
with RPM 2008-4 of the RIOP BO (USFWS 2008), the spawning season also includes a 
special fall rate provision in order to avoid take of larval Gulf sturgeon.  The provision 
ensures that river stage declines of 8 feet or more do not occur in less than 14 days when 
river flows are less than 40,000 cfs. When composite conservation storage is in Zones 1 
and 2, a less conservative operation is in place.  When composite conservation storage is 
in Zone 3, a more conservative operation is in place while still avoiding or minimizing 
impacts to listed species and critical habitat in the river.  When composite conservation 
storage falls below the bottom of Zone 3 into Zone 4 the drought contingency operations 
are “triggered” representing the most conservative operational plan.  The spawning 
season fall rate provision is in place under normal and drought operations.  A detailed 



     

 

 

 

 

 

CESAM-PD-EI 

description of the drought contingency operations is provided below.  During the 
spawning season, a daily monitoring plan that tracks composite storage will be 
implemented in order to determine water management operations.  Recent climatic and 
hydrological conditions experienced and meteorological forecasts will be used in addition 
to the composite conservation storage values when determining the appropriate basin 
inflow thresholds to utilize in the upcoming days. 

Like the current RIOP, during the non-spawning season (June-November), one set of four 
basin inflow thresholds and corresponding releases exists based on composite 
conservation storage in Zones 1-3.  However, the proposed action modifies the current 
RIOP basin inflow and minimum release provisions while operating in these composite 
conservation zones.  The proposed action modifies the RIOP by further limiting storage 
opportunities when basin inflow is between 5,000 and 10,000 cfs.  This change also 
requires slight adjustments to the basin inflow levels and minimum release provisions at 
basin inflows greater than 10,000 cfs.  Table 1 reflects the proposed action with the 
modifications to the current RIOP.  When composite conservation storage falls below the 
bottom of Zone 3 into Zone 4 the drought contingency operations are “triggered”.   

Under the current RIOP, during the winter season (December-February), there is only one 
basin inflow threshold and corresponding minimum release (5,000 cfs) while in 
composite conservation storage Zones 1-3.  The proposed action modifies the current 
RIOP basin inflow and minimum release provisions while operating in these composite 
conservation zones.  The proposed action modifies the RIOP by further limiting storage 
opportunities when basin inflow is between 5,000 and 10,000 cfs.  When basin inflow 
calculations are in this range, the minimum flow release provision will match the basin 
inflow. There are no basin inflow storage restrictions when basin inflow calculations are 
greater than 10,000 cfs as long as this minimum flow is met.  When composite 
conservation storage falls below the bottom of Zone 3 into Zone 4 the drought 
contingency operations are “triggered”. 

Like the current RIOP, the flow rates included in Table 1 prescribe minimum, and not 
target, releases for Jim Woodruff Dam.  During a given month and basin inflow rate, 
releases greater than the Table 1 minimum releases may occur consistent with the 
maximum fall rate schedule, described below, or as needed to achieve other project 
purposes, such as hydropower or flood control.  

Maximum Fall Rate:  Fall rate, also called down-ramping rate, is the vertical drop in 
river stage (water surface elevation) that occurs over a given period.  The fall rates are 
expressed in units of feet per day (ft/day), and are measured at the Chattahoochee gage as 
the difference between the daily average river stage of consecutive calendar days.  Rise 
rates (e.g., today’s average river stage is higher than yesterday’s) are not addressed.  The 
proposed action does not change the maximum fall rate schedule (Table 2) prescribed by 
the current RIOP. Unless otherwise noted, fall rates under the drought contingency 
operation would be managed to match the fall rate of the 1-day basin inflow.  Matching 
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Table 1. Proposed Action Modified RIOP Releases From Jim Woodruff Dam 

Months Composite 
Storage Zone 

Basin Inflow (BI) (cfs) Releases from JWLD (cfs) Basin Inflow Available for 
Storage1 

March - May Zones 1 and 2 >= 34,000 >= 25,000 Up to 100% BI > 25,000 
>= 16,000 and < 34,000 >= 16,000 + 50% BI > 16,000 Up to 50% BI > 16,000 
>= 5,000 and < 16,000 >= BI 
< 5,000 >= 5,000 

Zone 3 >= 39,000 >= 25,000 Up to 100% BI > 25,000 
>= 11,000 and < 39,000 >= 11,000 + 50% BI > 11,000 Up to 50% BI > 11,000 
>= 5,000 and < 11,000 >= BI 
< 5,000 >= 5,000 

June -
November 

Zones 1,2, and 3 >= 22,000 >= 16,000 Up to 100% BI > 16,000 

>= 10,000 and < 22,000 >= 10,000 + 50% BI > 10,000 Up to 50% BI > 10,000 
>= 5,000 and < 10,000 >= BI 
< 5,000 >= 5,000 

December - 
February 

Zones 1,2, and 3 >= 10,000 >= 10,000 Up to 100% BI > 10,000 

>= 5,000 and < 10,000 >= BI 
< 5,000 >= 5,000 

At all times Zone 4 NA >= 5,000 Up to 100% BI > 5,000 
At all times Drought Zone NA >= 4,5002 Up to 100% BI > 4,500 

1 Consistent with safety requirements, flood control purposes, and equipment capabilities. 

2 Once composite storage falls below the top of the Drought Zone ramp down to 4,500 cfs will occur at a rate no greater than 0.25 ft/day drop.
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Table 2. Proposed Action Modified RIOP Maximum Fall Rate Schedule Composite Storage Zones 1,2, and 3* 

Release Range (cfs) Maximum Fall Rate (ft/day), measured at Chattahoochee gage 

> 30,000** No ramping restriction*** 
> 20,000 and <= 30,000* 1.0 to 2.0 
Exceeds Powerhouse Capacity (~ 16,000) and <= 20,000* 0.5 to 1.0 
Within Powerhouse Capacity and > 8,000* 0.25 to 0.5 
Within Powerhouse Capacity and <= 8,000* 0.25 or less 

*Maximum fall rate schedule is suspended in Composite Zone 4 

**Consistent with safety requirements, flood control purposes, and equipment capabilities.
 
***For flows greater than 30,000 cfs, it is not reasonable and prudent to attempt to control down ramping rate, and no ramping rate is 

required. 
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the 1-day basin inflow fall rate during drought operations facilitates quicker recovery and 
a faster return to normal operations. 

Drought Contingency Operations: Like the current RIOP, the proposed action 
incorporates a drought contingency operation (referred to as drought plan).  The drought 
plan specifies a minimum release from Jim Woodruff Dam and temporarily suspends the 
other minimum release and maximum fall rate provisions until composite conservation 
storage within the basin is replenished to a level that can support them.  The minimum 
discharge is determined in relation to composite conservation storage and not average 
basin inflow under the drought plan.  The drought plan is “triggered” when composite 
conservation storage falls below the bottom of Zone 3 into Zone 4.  At that time all the 
composite conservation storage Zone 1-3 provisions (seasonal storage limitations, 
maximum fall rate schedule, and minimum flow thresholds) are suspended and 
management decisions are based on the provisions of the drought plan.  The drought plan 
includes a temporary waiver from the existing water control plan to allow temporary 
storage above the winter pool rule curve at the Walter F. George and West Point projects 
if the opportunity presents itself and/or begin spring refill operations at an earlier date in 
order to provide additional conservation storage for future needs as well as provide for a 
minimum releases less than 5,000 cfs from Jim Woodruff Dam. 

The drought plan prescribes two minimum releases based on composite conservation 
storage in Zone 4 and an additional zone referred to as the Drought Zone (Figure 1).  The 
Drought Zone delineates a volume of water roughly equivalent to the inactive storage in 
lakes Lanier, West Point and Walter F. George plus Zone 4 storage in Lake Lanier.  
However, the Drought Zone line has been adjusted to include a smaller volume of water 
at the beginning and end of the calendar year.  When the composite conservation storage 
is within Zone 4 and above the Drought Zone, the minimum release from Jim Woodruff 
Dam is 5,000 cfs and all basin inflow above 5,000 cfs that is capable of being stored may 
be stored. Once the composite conservation storage falls below the Drought Zone, the 
minimum release from Jim Woodruff Dam is 4,500 cfs and all basin inflow above 4,500 
cfs that is capable of being stored may be stored.  When transitioning from a minimum 
release of 5,000 to 4,500 cfs, maximum fall rates will be limited to a 0.25 ft/day drop. 
The 4,500 cfs minimum release is maintained until composite conservation storage 
returns to a level above the top of the Drought Zone, at which time the 5,000 cfs 
minimum release is re-instated.  Under the current RIOP, the drought plan provisions 
remain in place until conditions improve such that the composite conservation storage 
reaches a level above the top of Zone 3 (i.e., within Zone 2).  At that time, the temporary 
drought plan provisions are suspended, and all the other provisions are re-instated.  
During the drought contingency operations a monthly monitoring plan that tracks 
composite conservation storage in order to determine water management operations (the 
first day of each month will represent a decision point) will be implemented to determine 
which operational triggers are applied.  In addition, recent climatic and hydrological 
conditions experienced and meteorological forecasts will be used when determining the 
set of operations to utilize in the upcoming month.  The proposed action modifies the 
current RIOP drought plan by increasing the composite conservation storage level 
“trigger” for re-instating the normal operations.  Under the proposed action, the drought 
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plan provisions remain in place until conditions improve such that the composite 
conservation storage reaches a level above the top of Zone 2 (i.e., within Zone 1).  All 
other provisions of the current RIOP remain unchanged under the proposed action. 
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Figure 1. Proposed Action Drought Composite Conservation Storage Triggers. 
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ALTERNATIVES CONSIDERED 

No Action: This alternative consists of continuing to operate under the current RIOP.  
Although the RIOP provides flows supportive of the listed species, it includes provisions 
that allow for some storage of basin inflow between 8,000 and 10,000 cfs.  Since fat 
threeridge mussels were observed at stages within this flow range in 2006 and 2010, the 
FWS requested that we evaluate a modification to the RIOP that eliminated storage 
opportunities under normal operations when basin inflow is between 8,000 and 10,000 
cfs (June-February) in order to minimize the potential for take of fat threeridge mussels.  
Our evaluation indicated that although there was an impact to conservation storage levels 
associated with this modification, it was relatively minor.  Therefore, the modification 
was adopted and this alternative was no longer considered. 

Modified Maximum Fall Rate Schedule: During the consultation, the FWS also 
identified a modification to the maximum fall rate schedule that may minimize the 
potential for take of fat threeridge mussels.  The FWS requested that we evaluate 
modifying the RIOP maximum fall rate schedule for the range of flows where fat 
threeridge mussels are known to occur (5,000 to 10,000 cfs).  The modification consists 
of reducing the maximum fall rate to 0.15 ft/day between discharges of 5,000 to 8,000 cfs 
and 0.25 ft/day between discharges of 8,000 cfs to 10,000 cfs.  The Corps expressed 
concern regarding the ability to manage fall rates at 0.15 ft/day given the limitations of 
the equipment.  Despite installation of the new SCADA system at the Woodruff 
Powerhouse, which improves the operators’ ability to make fine adjustments to the 
turbine releases, there are physical limitations to managing the daily average fall rates for 
even the current RIOP maximum fall rate of 0.25 ft/day.  Because of these limitations, the 
Corps currently operates very conservatively when managing for a 0.25 ft/day maximum 
fall rate. This conservative operation generally, but not always, results in maximum fall 
rates in this lowest range that are equal to or slower than 0.15 ft/day in order to ensure the 
maximum fall rate schedule is not violated.  The Corps evaluated the fall rates that have 
occurred when flows are less than 10,000 cfs since the RIOP was implemented  
(5 September 2006 - 25 July 2011).  Table 3 and Figure 2 provide  the results of this 
evaluation. 

Table 3. Fall Rate Analysis at the Chattahoochee Gage 5 September 2006 - 25 July 2011 
Maximum Fall Rate Range (ft/day) Maximum Fall Rate (ft/day) Average Fall Rate (ft/day) 

<= 0.25 0.25 0.08 
> 0.25 - <= 0.5 0.49 0.33 
> 0.5 - <= 1.0 0.90 0.68 

Since implementation of the RIOP, the maximum fall rate schedule has not been violated 
and the average fall rates have been considerably lower than the maximum allowed; with 
the greatest deviation occurring under the most restrictive fall rate range.  This is not 
surprising given the limitations of the equipment and the conservative approach taken to 
avoid violating the maximum fall rate schedule.  Furthermore, fall rates of less than 0.25 
ft/day occurred over 80% of the time when flows were less than 10,000 cfs (Figure 3).  
Based on the results of this analysis and the Corps’ understanding of the physical 
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limitations of the powerhouse equipment, it was determined that maintenance of a 
maximum fall rate schedule more restrictive than the one that currently exists in the RIOP 
is neither reasonable nor prudent.  Conservative operations for fall rates when flows are 
less than 10,000 cfs will continue under the proposed action in order to ensure that the 
maximum fall rate schedule is not violated.  Therefore, this alternative was no longer 
considered. 

Figure 2. Observed fall rates (% of days) of the Apalachicola River at the Chattahoochee gage since 
incorporation of a fall rate provision at JWLD (observed flow 2006-2011). 

Modified Minimum Flow: At various times during development of the RIOP and since 
it has been implemented, the FWS has received requests to raise the minimum flow 
provision of the RIOP to 6,000 cfs. The current RIOP has a minimum flow of 5,000 cfs 
and includes a provision to reduce flows to as low as 4,500 cfs during the most extreme 
prolonged drought events.  Despite recent conditions that limited the Corps’ ability to 
maintain even the 5,000 cfs minimum (a minimum flow of 4,750 cfs was briefly 
implemented in 2007), the Corps agreed to evaluate the impact of maintaining a higher 
minimum flow.  The FWS requested that we evaluate how this modification impacted the 
implementation of drought operations and other authorized purposes.  The Corps 
evaluated the modification by developing three six-month “forecast” models that 
simulated the current RIOP and the RIOP with a 6,000 cfs minimum flow under the 
1999-2000 hydrology, 2007-2008 hydrology, and 20th percentile hydrology. The models 
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were developed to represent a continuation of the present drought with dry conditions 
that have occurred in the past and a moderately dry condition generally representative of 
the current hydrology trend. Reservoir levels for the start of the simulation were set at 
their present level when the simulation was run.  This approach is consistent with the 
“forecast” modeling conducted for the 2008 BO.  The results of this analysis were 
presented to the FWS during a meeting held at the Panama City Field Office on June 14, 
2011 and are summarized here.  Under the most moderate drought condition, the 20th 

percentile scenario, there was little difference in the composite conservation storage 
levels and river flows. Drought operations were not triggered and composite 
conservation storage levels remained in Zone 2 for nearly the entire 6-month period with 
only a brief drop into Zone 3. Under the more severe drought hydrologies, the 1999
2000 and 2007-2008 scenarios, substantial declines in composite conservation storage 
occur as a result of maintaining the 6,000 cfs minimum flow.  Drought operations are not 
triggered under either of the operational scenarios in the 1999-2000 simulation.  
However, the 6,000 cfs minimum flow operation resulted in drought operations and a 
reduction of the minimum flow to 4,500 cfs under the most severe drought hydrology 
(2007-2008). The current RIOP operation simulation did not result in drought operations 
or a reduction of the minimum flow to 4,500 cfs under the most severe drought 
hydrology. The adverse effects to listed species as a result of reducing flows to 4,500 cfs 
are potentially far greater than any benefits realized through the maintenance of a 6,000 
cfs minimum flow.  Furthermore, reduction of the composite conservation storage level 
to below the drought zone (the trigger for a 4,500 cfs minimum flow) negatively impacts 
all of the Corps’ authorized project purposes.  Therefore, this alternative was no longer 
considered. 

It should be noted, that the proposed action simulation presented below in the EFFECTS 
ANALYSIS section does not result in a reduction of the minimum flow to 4,500 cfs and 
includes the 1999-2000 and 2007-2008 drought conditions.   

Eliminate Provision for Releases Less Than 5,000 cfs: As described above in the 
DESCRIPTION OF PROPOSED ACTION section, the current RIOP and the proposed 
action include a provision to reduce flows to as low as 4,500 cfs during the most extreme 
prolonged drought events.  Because take of listed mussel species can occur when flows 
are reduced to 4,500 cfs, the FWS requested that the Corps consider an alternative that 
eliminates this provision in order to minimize the potential for take.  The “trigger” to 
reduce flows to 4,500 cfs in the current RIOP and proposed action is based on composite 
conservation storage and requires a drought more severe than the “drought of record” to 
implement this most conservative operation.  The model simulation data presented below 
in the EFFECTS ANALYSIS section illustrates that even under conditions experienced 
during the 2007-2008 severe drought, neither the RIOP nor the proposed action resulted 
in flows less than 5,000 cfs. By design, the drought zone “trigger” for reducing the 
minimum flow to 4,500 cfs is only triggered during the most severe drought conditions.  
Although, these conditions have not occurred to date, the Corps maintains that prudent 
water management requires the flexibility to reduce demands on the system when a more 
severe drought than has occurred ultimately transpires.  Failure to maintain this flexibility 
could result in a depletion of the system conservation storage and even greater harm to 
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the listed species than would have otherwise occurred as demonstrated in the discussion 
above. Furthermore, “take” monitoring in 2007 when flows were reduced to 4,750 cfs 
and FWS observations during recent inadvertent releases of approximately 4,500 cfs (due 
to a shift in the Chattahoochee gage reading) suggests that maintenance of the maximum 
fall rate schedule facilitates the movement of mussels to lower stages when flows are 
reduced below 5,000 cfs. Thus, resulting in less “take” than currently authorized or 
previously anticipated. Therefore, this alternative was no longer considered.    

STATUS OF THE SPECIES/CRITICAL HABITAT  

Please refer to the STATUS OF THE SPECIES/CRITICAL HABITAT section (Section 
2) of the June 1, 2008 Biological Opinion on the U.S. Army Corps of Engineers, Mobile 
District, Revised Interim Operating Plan for Jim Woodruff Dam and the Associated 
Releases to the Apalachicola River (USFWS 2008); and the 2010 Annual Report 
January 31, 2011 (USACE 2011). The detailed information provided in Section 2 of the 
BO and the Annual Report (specifically the draft mussel study report) represent the best 
scientific information available on the listed species occurring in the action area and 
provided the basis for determining the flow regime characteristics identified as relevant to 
the listed species and their habitats during development of the RIOP and considered 
during development of the modifications to the RIOP.  The FWS also has additional 
information regarding the status of the species that will be updated as part of this re-
initiated consultation. 

ENVIRONMENTAL BASELINE 

As described in the 2008 BO, the environmental baseline is a "snapshot" of a species' 
health at a specified point in time.  It does not include the effects of the proposed action, 
but rather provides an analysis of the effects of past and ongoing human and natural 
factors leading to the current status of the species, its habitat (including designated 
critical habitat), and ecosystem, within the action area.  Section 3 of the BO provides a 
description of the environmental baseline prior to implementation of the RIOP.  This 
detailed information represents the best scientific information available at that time 
regarding the listed species occurring in the action area.  However, the environmental 
baseline for the proposed action must also consider the effects of operating under the 
RIOP for the past 36 months.  Some of the factors contributing to the environmental 
baseline, such as the general description of the action area, have not changed significantly 
since the time the BO was written and we incorporate this information by reference to 
Section 3 of the BO. The FWS will update the Environmental Baseline section as part of 
this re-initiated consultation. 

EFFECTS ANALYSIS 

This section is an analysis of the effects of the proposed action on the species and critical 
habitat. The previous “Environmental Baseline” section described the effects of the 
current operations including the RIOP over the past three years.  This section addresses 
the future direct and indirect effects of implementing the proposed action. 
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FACTORS CONSIDERED 

In the “ENVIRONMENTAL BASELINE” section of the 2008 BO, FWS described three 
principal components of the species’ environment in the action area: channel 
morphology, flow regime, and water quality. Physical habitat conditions for the listed 
species in the action area are largely determined by flow regime, and channel 
morphology sets the context for the flow regime.  The FWS noted that channel 
morphology has changed relative to the pre-dam period in the Apalachicola River, but the 
rate of change has slowed and appears to have entered a somewhat dynamic equilibrium 
condition (USFWS 2008).  We have no ability at this time to predict specific effects on 
channel morphology due to the influence of the proposed action on the flow regime.  The 
proposed action relates to water management at federal projects in the ACF basin and 
includes limits on the extent to which the Corps alters basin inflow into the Apalachicola 
River via operations of the ACF dams and reservoirs; therefore, the primary focus of this 
analysis is the flow regime of the Apalachicola River with and without the proposed 
action. Consistent with the BO for the RIOP, our analysis of flow regime alteration 
relative to the listed species and critical habitats considers the following factors. 

Proximity of the action: The proposed action may affect habitat occupied by all life 
stages of Gulf sturgeon in both the Apalachicola River and Bay, which are designated as 
critical habitat.  The proposed action will also affect habitat known to be occupied by the 
purple bankclimber, Chipola slabshell, and fat threeridge mussels.  These mussel species 
spend their entire lives within the action area, all of which is proposed as critical habitat 
for the mussels.  The proposed action includes releases from Jim Woodruff Dam and 
affects some of the species’ life history stages and habitat features from as close as 
immediately below the dam to more than 100 miles downstream. 

Distribution: The proposed action could alter flows in the Apalachicola River and its 
distributaries downstream of the dam, and alter freshwater inflow to Apalachicola Bay.  
The Gulf sturgeon may occur throughout the river and bay in suitable habitats, and 
occasionally in the Chipola River downstream of Dead Lake.  The Action area includes 
most of the known range of the fat threeridge, about one third of the range of the purple 
bankclimber, and a small fraction of the range of the Chipola slabshell.  This analysis 
examines how the proposed action may variously affect different portions of the action 
area according to the distribution of the species and important habitat features in the 
action area. 

Timing: The proposed action could alter flows in the Apalachicola River and into 
Apalachicola Bay at all times of the year. It will reduce flows when increasing composite 
conservation storage in the ACF reservoirs and increase flows when decreasing 
composite conservation storage.  Gulf sturgeon occupy the Apalachicola River year-
round as larval and juvenile fish, and then seasonally as subadults and adults, spawning in 
the Apalachicola River around May. Subadults and adult Gulf sturgeon likewise occupy 
Apalachicola Bay seasonally, during the coldest months of the year.  The three mussel 
species occupy the action area year-round and during all life phases. The fat threeridge, a 
species that tends to occupy shallower waters, may be more susceptible to effects of low 
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flows during the breeding period, in late spring/early summer.  Consistent with the 2008 
BO, we examine how the proposed action may alter the seasonal timing of biologically 
relevant flow regime features in our analysis. 

Nature of the effect: The proposed action will reduce flows in the Apalachicola River 
when increasing composite storage in the ACF reservoirs and increase flows when 
decreasing composite reservoir storage.  Two of the Gulf sturgeon primary constituent 
elements of designated critical habitat may be affected by the actions: flow regime and 
water quality. Permanently flowing water and water quality are also two of five primary 
constituent elements of designated critical habitat for the fat threeridge, purple 
bankclimber, and Chipola slabshell. The proposed action may also affect a third element 
of designated critical habitat for the mussels: host fish. Consistent with the 2008 BO, we 
examine how the proposed action may affect the listed species and critical habitat 
elements through specific analyses focused on relevant habitat features, such as spawning 
substrate, floodplain inundation, and vulnerability to exposure by low flows. 

Duration: This proposed action is a modification to the current interim operations plan 
(RIOP) at Jim Woodruff Dam and the operations described under the proposed action are 
applicable until revised or until an updated Water Control Plan is adopted.  Although the 
duration of the proposed action is indefinite, the nature of its effects is such that none are 
permanent. The Corps can alter its reservoir operations at any time; therefore, flow 
alterations that may result from the proposed action will not result in permanent impacts 
to the habitat of any of the listed species.  Consistent with the 2008 BO, we examine how 
implementation of the proposed action may alter the duration of high flows and low flows 
that are relevant to the listed species and critical habitats.   

Disturbance frequency: The proposed action is applicable year round; therefore, changes 
to the flow regime and water quality parameters may occur at any time and/or 
continuously until such time as the proposed action is revised or until an updated Water 
Control Plan is adopted. Consistent with the 2008 BO, we examine how implementation 
of the proposed action may alter the frequency of high flows and low flows that are 
relevant to the listed species and critical habitats.   

Disturbance intensity and severity: The proposed action may variously affect the flow 
regime depending on time of year, basin inflow, and composite conservation storage 
levels as defined in DESCRIPTION OF PROPOSED ACTION section above.  Like the 
current RIOP, the proposed action maintains a minimum flow of 5,000 cfs except during 
extreme drought events more severe than have previously occurred and maintains a 
minimum flow of 4,500 cfs at all times. Consistent with the 2008 BO, we examine how 
the proposed action affects the magnitude of flow events relative to the baseline and to no 
action (RIOP). 

ANALYSIS FOR EFFECTS OF THE ACTION 

The Effects Analysis for the proposed action is generally consistent with that of the 2008 
BO, with the exception of using the HEC-ResSim Model to simulate flow operations in 



 

 

 

 

CESAM-PD-EI 


the ACF Basin rather than the HEC-5 model used in 2008 and changes to the 
assumptions regarding consumptive demands.  Details about the ResSim model are 
provided below in the MODEL DESCRIPTION section.  A description of the changes to 
the assumptions regarding consumptive demands follows. 

Consistent with the 2008 BO, we determine the future effect of project operations, as 
prescribed by the proposed action, by comparing the environmental conditions expected 
to occur under the proposed action to the environmental baseline.  In the BO for the 
RIOP, the flow regime of the environmental baseline was described using post-1975 flow 
records, because this period represented the complete hydrology of the current 
configuration of the ACF federal reservoir projects.     

In the 2008 BO the USFWS compared the flow regime expected under the RIOP to this 
historic flow record to identify changes in flows that were relevant to the listed species 
and their habitats. The 2008 RIOP simulations, evaluated in the BO, were simulated with 
present-level consumptive demands (year 2000) occurring in all years.  To isolate the 
effects of the present level of consumptive water use on the flow regime from the effects 
of implementing the RIOP, the USFWS also examined environmental conditions that 
would result if project operations were not continued, i.e., discontinuing Corps’ reservoir 
operations that alter the flow regime of the river.  This flow regime was termed the run
of-river (RoR) regime.  RoR is the expected flow regime if the Corps maintained a 
constant water surface elevation on all of the ACF federal reservoirs, never diminishing 
basin inflow by raising reservoir levels and never augmenting basin inflow by lowering 
reservoir levels. RoR is the constant release of basin inflow from Woodruff Dam.  By 
comparing all three flow regimes, Baseline (1975-2007 observed flow), RIOP, and RoR, 
the USFWS identified effects relative to the baseline attributable to the RIOP apart from 
effects attributable to an increase in depletions due to consumptive losses in the basin 
since 1975 (USFWS 2008). In this effects analysis the definition for RoR remains the 
same, but the method for computing the RoR has changed along with its ability to 
differentiate effects attributable to the proposed action from those to an increase in 
depletions due to consumptive losses in the basin since 1975. 

In the 2008 BO, we used the same basin inflow time series (1-day basin inflow) upon 
which the model based its simulation of the RIOP to represent the RoR.  As described in 
the 2008 BO, 1-day basin inflow is the sum of local inflow for each of the Corps’ ACF 
reservoirs on a given day and does not reflect travel time through the basin; therefore, if 
is a rough approximation of an actual RoR operation.  During this re-initiated 
consultation, the FWS and the Corps agreed that an HEC-ResSim simulation of a RoR 
operation (instead of 1-day basin inflow) that includes the same historic consumptive 
demands as used for synthesizing the unimpaired flows and simulating the RIOP and 
proposed action would allow us to better analyze operational differences between historic 
and simulated operations.  For this analysis, the consumptive water demands used in the 
models are the actual reported municipal and industrial (M&I) depletions for the period 
of 1980-2008 and the estimated agricultural water use.  Consumptive water-use values 
prior to 1980 were hindcasted based on census population data.  The method for 
estimating agricultural water use which varied by month and by year (wet, normal, dry) is 
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consistent with the method utilized during the development of the RIOP and the effects 
analysis in the 2008 BO. However, the use of actual reported M&I depletions is an 
update to the previous method which applied an estimate of the highest demand year 
(2000) to the period of record simulation. 

It was mutually agreed that this updated method for simulating the no action, proposed 
action, and RoR provides a more useful comparison to the baseline (observed) condition 
as these simulations more accurately reflect the influences of reservoir evaporative losses, 
inter-basin water transfers, and consumptive water uses, such as municipal/industrial 
water supply and agricultural irrigation that also influenced the observed Apalachicola 
River flows during the period of record. Therefore, the difference between the various 
flow regimes is the net effect of continued operation under each scenario including the 
effect of influences that are unrelated to project operations  (hydrology, evaporation, land 
use and climate change). By taking this approach, the RoR flow regime no longer 
differentiates whether an effect (either beneficial or adverse) is attributable to the Corps 
discretionary operations as it includes the same assumptions regarding  reservoir 
evaporative losses, inter-basin water transfers, and consumptive water uses.  It does still 
provide a useful frame of reference since the RoR simulation represents a flow regime 
with no Corps discretionary operations (i.e., Corps reservoirs maintain a constant water 
surface elevation during the period, such that the reservoirs only release the net inflow 
into the dam). The RoR is not the natural flow of the basin at the site of Jim Woodruff 
Dam, because it reflects the influences of reservoir evaporative losses, inter-basin water 
transfers, and consumptive water uses.   

As described above, the principal factor examined in determining effects for the proposed 
action is the flow regime of the Apalachicola River and how the flow regime affects 
habitat conditions for the listed species. Any differences between the Baseline, RIOP, 
and proposed action simulated flow regimes are attributable to the Corps discretionary 
operations. Consistent with the 2008 BO, if the proposed action does not alter the 
Baseline, its effect on the species/habitat is a continuation of the Baseline effect, if any.  
If the proposed action condition represents a beneficial or adverse alteration of the 
Baseline condition, the effect is accordingly beneficial or adverse. 

MODEL DESCRIPTION 

The HEC-ResSim model was used to simulate flow operations in the ACF Basin. HEC-
ResSim is a state-of-the-art tool for simulating flow operations in managed systems. It 
was developed by the Corps’ Hydrologic Engineering Center (HEC) to aid engineers and 
planners performing water resources studies in predicting the behavior of reservoirs and 
to help reservoir operators plan releases in real time during day-to-day and emergency 
operations. This effects analysis used HEC-ResSim Version 3.1 “Release Candidate 3, 
Build 42” (USACE, 2010a). The label “Release Candidate” means that the software is 
undergoing final testing before distribution as an official version. 

HEC-ResSim has a graphical user interface designed to follow Windows® software 
development standards.  The model’s interface can be learned without extensive tutorials. 
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Familiar data entry features make model development easy, and localized mini plots 
graph the data entered in most tables so that errors can be seen and corrected quickly.  A 
variety of default plots and reports, along with tools to create customized plots and 
reports, facilitate output analysis. 

HEC-ResSim provides a realistic view of the physical river/reservoir system using a map-
based schematic.  The program’s user interface allows the user to draw the network 
schematic as a stick figure or as an overlay on one or more geo-referenced maps of the 
watershed. HEC-ResSim represents a system of reservoirs as a network composed of four 
types of physical elements: junctions, routing reaches, diversions, and reservoirs. By 
combining those elements, the HEC-ResSim modeler is able to build a network capable 
of representing anything from a single reservoir on a single stream to a highly developed 
and interconnected system like that of the ACF Basin.  A reservoir is the most complex 
element of the reservoir network and is composed of a pool and a dam.  HEC-ResSim 
assumes that the pool is level (i.e., it has no routing behavior), and its hydraulic behavior 
is completely defined by an elevation-storage-area table.  The real complexity of HEC
ResSim’s reservoir network begins with the dam. 

Most reservoirs are constructed for one or more of the following purposes: flood risk 
management, power generation, navigation, water supply, recreation, and environmental 
quality. Those purposes typically define the goals and constraints that describe the 
reservoir’s release objectives.  Other factors that might influence the objectives include 
time of year, hydrologic conditions, water temperature, current pool elevation (or zone), 
and simultaneous operations by other reservoirs in a system.  HEC-ResSim uses an 
original rule-based description of the operational goals and constraints that reservoir 
operators must consider when making release decisions. 

To provide a potential range of flows that might be experienced while the proposed 
action scenarios are in effect, the ResSim model simulates river flow and reservoir levels 
using a daily time series of unimpaired flow data as input for a certain period of record. 
Whereas basin inflow is computed to remove the effects of reservoir operations from 
observed flow, unimpaired flow is developed to remove the effects of both reservoir 
operations and consumptive demands from observed flow. The ResSim model imposes 
reservoir operations and consumptive demands onto the unimpaired flow time series to 
simulate flows and levels under those operations and demands.  The unimpaired flow 
data set is the product of the Tri-State Comprehensive Study, in which the States of 
Alabama, Florida, and Georgia, participated.   

The current unimpaired flow data set represents the years 1939 to 2008.  The Corps has 
not yet computed unimpaired flow for 2009-current day.  Unimpaired flow computations 
require actual water use data from the three States and 2008 is the most recent year of this 
data provided to the Corps. For purposes of evaluating the proposed action, a 70-year 
unimpaired flow hydrologic period of record (1939 through 2008) was used to run the 
simulations.  However, for the purposes of this effects analysis, we focus on the data 
from 1975-2008, because this period represents the complete hydrology of the current 
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physical configuration of the ACF federal and private reservoir projects with an 
unimpaired flow computation.     

MODEL SIMULATIONS 

The Corps has simulated the 1975 – 2008 ACF project operations under the RIOP, 
proposed action, and RoR using the HEC-ResSim hydrologic simulation software.  As 
described above, the RoR simulation represents flow conditions without the influence of 
Corps project operations. 

To ensure comparisons that are most likely to reveal anthropogenic differences between 
the sets of environmental conditions (RIOP, Proposed Action, RoR, and Baseline) and 
not hydrologic differences between years, we use the output from the ResSim models for 
the period that is also represented in the baseline, which is 1975 to 2008 (34 years). Using 
only the latter 34 years of the ResSim results removes 36 years of model results from our 
analysis, including a drought during the 1950’s.  However, the later 34 years of the 
simulated period appear to represent the most “critical” period for the model, as this is 
when reservoir levels and flows reach their lowest levels in the simulation. Further, the 
basin experienced below normal precipitation and basin inflow levels from 2006 through 
much of 2008 and record low composite conservation storage levels were recorded per 
calendar date in 2007 and 2008. 

GENERAL EFFECTS ON THE FLOW REGIME 

Consistent with the analysis conducted in the 2008 BO, the effects of the proposed action 
on the flow regime is evaluated by comparing the Apalachicola River flow frequencies 
for the various conditions (Proposed Action, RIOP, RoR, and Baseline).       

Figure 3 displays the frequency analysis for flows that are exceeded at least 80% of the 
time (i.e., the lowest flows), to illustrate the low-flow differences between the various 
flow regimes.  These low flow events represent the most severe flow conditions for the 
aquatic biota in the river. The RoR simulation consistently results in a higher frequency 
of lower flows during the driest conditions.  The proposed action, RIOP, and Baseline 
flow regimes are all comparable with very little difference between the proposed action 
and RIOP. The proposed action curve crosses the Baseline curve at multiple locations, 
thus providing a mix of beneficial and adverse effects.  However, the proposed action 
includes the added benefit of never resulting in flows less than 5,000 cfs, which occurred 
in approximately 1% of the days under the Baseline. 
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Figure 3. Observed and simulated flow frequency (% of days flow exceeded) of the Apalachicola 
River at the Chattahoochee gage under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim 
simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 

GULF STURGEON EFFECTS ANALYSIS 

This section provides the effects analysis of the proposed action on flow dependent 
habitat characteristics relevant to Gulf sturgeon consistent with that utilized in the 2008 
BO. 

Submerged Hard Bottom 

As described in the 2008 BO, the principal analysis for effects of the proposed action on 
Gulf sturgeon consists of comparing the amount of potential spawning habitat available 
under the various conditions. The method for calculating the amount of habitat and the 
frequency analysis in Figure 4 below is the same as the 2008 BO method.  The four 
curves cross each other multiple times over the full range of 0 to a little over 20 acres of 
habitat, but generally provide for the same amount of habitat availability (average daily 
habitat availability of approximately 18 acres).  Habitat availability under the proposed 
action scenario flow regime is identical to that provided by the RIOP flow regime.  The 
RoR flow regime generally results in slightly less habitat availability than the other three 
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flow regimes.  Given the similarities of all the flow regimes with regards to this flow-
dependent habitat parameter, it appears effects (if any at all) are a continuation of the 
baseline condition. 

Figure 4. Frequency (% of days) of Gulf sturgeon spawning habitat availability (acres of potentially 
suitable spawning substrate inundated to depths of 8.5 to 17.8 feet), on each day March 1 through 
May 31, at the three sites known to support spawning, under RoR (ResSim simulated flow 1975-
2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-
2008); and Baseline (observed flow 1975-2008). 

The analysis shown in Figure 4 above, combines data from all years of each time series 
into a single dataset for frequency computations and does not examine differences 
between years or the changes in habitat availability within a year.  However, as described 
in the 2008 BO, it is also important to determine whether the similarities in the average 
conditions between the proposed action and the baseline are the result of exceptionally 
low and high habitat availability between years or within a year.  Again we use the 2008 
BO method to analyze the effect of the proposed action on Gulf sturgeon spawning 
success by comparing the frequency (percent of years) of continuously available 
spawning habitat availability (maximum amount of habitat inundated to the 8.5 to 17.8 ft 
depth range for at least 30 consecutive days each year), March through May, under the 
four flow time series (Figure 5). 
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Figure 5. Frequency (% of years) of Gulf sturgeon spawning habitat availability (maximum acres of 
potentially suitable spawning substrate inundated to depths of 8.5 to 17.8 feet for at least 30 
consecutive days each year), March 1 through May 31, at the three sites known to support spawning, 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

Again, the habitat availability under the proposed action scenario flow regime is identical 
to that provided by the RIOP flow regime.  The RIOP and Modified RIOP flow regimes 
generally provide for more 30-day continuous habitat availability than the Baseline and 
RoR, with median values of approximately 18.2 acres versus approximately 16.7 acres 
and approximately 17.7 acres respectively.  All the time series provide for a minimum of 
about 10 acres of 30-day continuous habitat in the appropriate depth range, but the 
proposed action never provides less than approximately 13 acres.  The RoR never 
provides less than approximately 12 acres.  Regarding this flow-dependent habitat 
parameter, the proposed action continues to provide a beneficial effect to Gulf sturgeon 
realized by the RIOP by providing more 30-day continuous habitat in the appropriate 
depth range than the Baseline. This benefit may be the most biologically significant 
during the most extreme spring low flow events where the proposed action provides for 
approximately 3.5 acres more than the baseline condition.   

In the 2008 BO the FWS determined that rapid declines in river stage (greater than 8 ft in 
a 14 day period) when flows are less 40,000 cfs may potentially result in take of Gulf 
sturgeon eggs and/or larvae. In accordance with RPM 2008-4 of the 2008 BO the Corps 
evaluated the circumstances leading to the two potential take events (one during the 2007 
spawning season and the other during the 2008 spawning season) and determined that 
they can be avoided through minor proactive adjustments to releases from upstream 
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reservoirs and Jim Woodruff Dam.  Like the RIOP, the proposed action includes 
provisions for these minor proactive adjustments and the simulated flow regimes do not 
include any of these potential take events.      

Changes in Salinity and Invertebrate Populations in Apalachicola Bay 

Very little is known about Gulf sturgeon feeding behavior and habitat selection in 
Apalachicola Bay. However, Gulf sturgeon studies in other systems, known life history 
patterns, and other studies of the role of freshwater inflow in estuarine ecology can be 
used to evaluate the possibility of effects of the proposed action on Gulf sturgeon in 
Apalachicola Bay (see discussion in the Water Quality section of the 2008 BO 
Environmental Baseline section). 

Studies indicate that most adult and sub-adult sturgeon limit feeding almost exclusively 
to estuarine and marine environments upon departing the river and do not feed much, if at 
all, during the months of riverine residency. Juvenile Gulf sturgeon studies have also 
established that direct transition from fresh water into salinities greater than 30 ppt is 
lethal, and gradual acclimation to seawater with higher salinities (34 ppt) is required.  
Juvenile growth rates are highest at 9 ppt salinity (USFWS 2008).     

Since Apalachicola Bay is the first estuarine habitat that both juvenile fish and older fish 
encounter upon departing the river, substantial alteration of flow regime features may 
directly relate to sturgeon and sturgeon critical habitat elements in the bay and should be 
minimized or avoided.  Based on the analysis in the 2008 BO, adverse impacts to 
ecological processes in the bay critical to sturgeon can be evaluated by comparing the 
number of consecutive days per year that flows less than 16,000 cfs occurred for the 
various flow time series.  Figure 6 illustrates this comparison and indicates that the 
proposed action is comparable to the Baseline flow regime; providing slightly lower 
maximum numbers of consecutive days per year less than 16,000 cfs on average.  Given 
the similarities of the two flow regimes with regards to this flow-dependent habitat 
parameter, it appears effects (if any at all) are a continuation of the baseline condition. 
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Figure 6. Maximum number of consecutive days/year of flow less than 16,000 cfs under RoR (ResSim 
simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim 
simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

Since Gulf sturgeon do not utilize the bay year-round, but rather occupy it seasonally 
(October through March), we also conducted this same evaluation but used only observed 
and simulated data from the months sturgeon are known to actively forage in the 
Apalachicola Bay. This analysis was not conducted in the 2008 BO.  Figure 7 presents 
the results of this analysis. Again, the RIOP and proposed action scenarios yield results 
consistent with those observed.  However, when focusing on the months when sturgeon 
are known to utilize the bay, it appears that the proposed action reduces the maximum 
number of consecutive days with flows less than 16,000 cfs as compared to the baseline 
flow regime.  This would be beneficial to Gulf sturgeon and their prey resources in the 
bay. 
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Figure 7. Maximum number of consecutive days/year of flow less than 16,000 cfs (October-March) 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

LISTED MUSSEL SPECIES EFFECTS ANALYSIS 

This section focuses on direct effects to listed mussels by potential exposure during low-
flow conditions. During the summer of 2006 and fall of 2010, listed mussels were found 
exposed and stranded at elevations up to approximately 10,000 cfs.  Therefore, consistent 
with the 2008 BO, impacts to listed mussel species will be evaluated by analyzing the 
differences between the four flow regimes in the range of flow less than 10,000 cfs.   

Table 4 lists the lowest daily flow each year for the RoR, RIOP, proposed action, and 
Baseline flow regimes.  The RIOP and proposed action simulations result in virtually 
identical annual 1-day minimum flows and never result in flows less than 5,000 cfs which 
occurs in approximately half (44%) of the years under the RoR simulation and 
approximately a quarter (21%) of the Baseline.  However, the proposed action does result 
in a lower 1-day minimum flow than the Baseline in half of the years.  With regards to 
this flow-dependent habitat parameter, the proposed action provides a mix of beneficial 
and adverse effects. 
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Year 
Min of ROR w Historic 
Demands 

Min of RIOP w Historic 
Demands 

Min of Modified RIOP w Historic 
Demands 

Min of Baseline 
(observed) 

1975 14816 15077 15077 12400 
1976 7999 9163 9163 11600 
1977 6646 7393 7160 9220 
1978 4485 7018 7018 8190 
1979 7161 7739 7740 9590 
1980 5088 6729 6573 8790 
1981 3689 5049 5049 4980 
1982 7107 8824 9208 11500 
1983 7699 8297 8297 10800 
1984 7739 7890 7890 10300 
1985 5283 6922 6922 8550 
1986 3099 5049 5049 4430 
1987 4026 6253 6253 3900 
1988 3414 5486 5300 4430 
1989 7297 7960 7960 9140 
1990 5211 5964 5937 5540 
1991 7572 8931 8931 6580 
1992 7625 8506 8657 7650 
1993 4631 6254 6254 5150 
1994 10275 8762 9028 7590 
1995 5572 5797 6059 7130 
1996 6383 7403 7171 6350 
1997 4366 5961 5961 6250 
1998 7094 8056 8113 8130 
1999 2572 5034 5034 5280 
2000 1227 5050 5050 4530 
2001 2827 5050 5050 5360 
2002 2362 5050 5050 5250 
2003 7250 8506 8692 8050 
2004 4921 6416 6244 7360 
2005 5635 9113 9113 8670 
2006 2988 5042 5042 5030 
2007 2124 5050 5050 4760 
2008 3376 5050 5050 4940 

Table 4.  Annual 1-day Minimum Flow (cfs) of the Apalachicola River at the Chattahoochee Gage for the RoR (ResSim simulated flow 1975-2008); 
RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Submerged Habitat Below 10,000 cfs 

Figure 8 shows the inter-annual frequency (percent of years) of flow rates less than 5,000 
to 10,000 cfs in the four flow regimes.  The proposed action results in a lower occurrence 
of flows less than about 6,200 cfs and eliminates flows less than 5,000 cfs which 
occurred in approximately 20% of the years under the Baseline flow regime.  The inter-
annual frequency of flow events less than 10,000 cfs is higher in the proposed action flow 
regime than in the Baseline regime for the remainder of the years.  However, the 
proposed action does lower the occurrence of flows less than 8,000 – 10,000 cfs resulting 
from the RIOP flow regime.  In this regard, the proposed action achieves the desired goal 
of minimizing adverse effects to listed mussel species by more closely matching the 
occurrence of these flows under the Baseline regime.  The RIOP, proposed action, and 
Baseline flow regimes all generally provide for a lower inter-annual frequency of flow 
events less than 10,000 cfs than the RoR flow regime.  With regards to this flow-
dependent habitat parameter, the proposed action again provides a mix of beneficial and 
adverse effects as compared to the Baseline.    
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Figure 8. Inter-annual frequency (% of years) of discharge events less than 5,000 to 10,000 cfs under 
RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Consistent with the 2008 BO, we use the maximum number of days per year with flows 
less than 5,000 to 10,000 cfs as a measure of the most severe year for aquatic biota under 
each flow scenario (Figure 9).  The RIOP and proposed action have identical results with 
regard to this flow-dependent habitat parameter.  A mix of beneficial and adverse effects 
is realized. All of the flow regimes include more than 200 days during the driest year at 
all flow levels except the <5,000 cfs level.  The maximum annual duration of flow less 
than 5,000 cfs is approximately 190 days and occurs in the RoR flow regime.  The 
proposed action flow regime includes no years with flows less than 5,000 cfs, which is a 
benefit to mussels.  However, the proposed action flow regime includes the highest 
maximum annual durations of flows less than 6,000 and 7,000 cfs of the four flow 
regimes; with an additional 18 days at flows less than 6,000 cfs and an additional 3 days 
at flows less than 7,000 cfs over the Baseline flow regime.  This represents an adverse 
effect to mussels with respect to this flow-dependent habitat parameter.  At flows less 
than 8,000-10,000 cfs the proposed action flow regime provides for slightly lower 
maximum annual durations than the Baseline flow regime, which is a benefit to mussels.  
At flows in this range, the Baseline flow regime includes the highest maximum number 
of days. The RoR flow regime provides comparable values to the proposed action in this 
range. 

Figure 9. Maximum number of days per year of discharge less than 5,000 to 10,000 cfs under RoR 
(ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

On multiple occasions in recent years, FWS has observed mussels surviving brief periods 
of exposure by closing their shells tightly or burrowing into the substrate (USFWS 2008; 
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K. Herrington Pers. Comm. 2011). Typically, unless water temperature is extreme, the 
stress of exposure is most likely a function of exposure duration.  Figure 10 illustrates a 
most-severe event analysis, consistent with the 2008 BO, by computing the maximum 
number of consecutive days of flow less than the 5,000 to 10,000 cfs.  Again, the RIOP 
and proposed action have identical results with regard to this flow-dependent habitat 
parameter.  The proposed action shows a beneficial effect at the 5,000 cfs level because it 
does not include any days with flows less than 5,000 cfs.  Both the Baseline and the RoR 
include consecutive periods with flows less than 5,000 cfs (26 days and 127 days 
respectively). The RoR shows the lowest maximum number of consecutive days per year 
for flows ranging from 7,000 to 10,000 cfs.  The proposed action flow regime has an 
adverse effect at the 6,000 cfs level, because it substantially increases the maximum 
number of consecutive days per year for flows at 6,000 cfs over the Baseline.  However, 
all of the flow regimes have an extreme effect on mussels at the 6,000 cfs level and 
greater, because it is unlikely that mussels would survive an exposure under even the best 
of the flow regimes, the Baseline, with 104 consecutive days.  At the 7,000 cfs level and 
greater, all the flow regimes are comparable and include exposure events greater than 200 
consecutive days. 
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Figure 10. Maximum number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Since the maximum number of consecutive days per year of discharge less than 5,000 to 
10,000 cfs analysis only focused on the most-severe event and included extensive 
durations of low flows for all the flow regimes at the 7,000 cfs level and greater, we 
decided it would be advantageous to analyze the less severe, but more frequent exposure 
events, to determine if the proposed action was comparable or improved upon the 
Baseline condition. This analysis was not conducted in the 2008 BO and consisted of 
computing the median number of consecutive days of flow less than the 5,000 to 10,000 
cfs. Figure 11 displays the results of this analysis.  Unlike the maximum number of 
consecutive days analysis above, the RoR simulation resulted in the most severe potential 
exposure events. However, all of the flow regimes resulted in event durations short 
enough to potentially allow mussels to survive exposure by closing their shells tightly or 
burrowing into the substrate (less than approximately 40 days).  The RIOP, proposed 
action, and Baseline flow regimes provide for the greatest likelihood of this occurring by 
significantly lowering the median number of consecutive days of flows at all levels 
compared to the RoR.  The RIOP, proposed action, and Baseline flow regimes are 
generally comparable at all flow levels, but begin to differentiate at flows greater than 
7,000 cfs. 

Figure 11. Median number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

The proposed action results in a higher median number of consecutive days per year than 
the Baseline at all flow levels except 5,000 cfs and 8,000 cfs.  Like the current RIOP, the 
proposed action has a lower value at the 8,000 cfs level, but the proposed action results in 
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a higher median number of consecutive days per year than the RIOP when flows are 
approximately 7,000 cfs - 9,000 cfs.  Although both the RIOP and proposed action flow 
regimes result in a mix of adverse and beneficial effects to listed mussels, this shift 
represents a more adverse effect than occurs under the current operations and is an 
unexpected consequence of implementing the proposed modifications to the RIOP.  At 
flow levels greater than approximately 9,000 cfs the proposed action results in a lower 
median number of days per year than the RIOP flow regime, which was the intent of the 
proposed modifications to the RIOP. In order to evaluate whether the adverse effects 
realized under the proposed action are a reflection of how the median values are 
calculated or are truly a more adverse effect than the RIOP, we also analyzed the average 
number of consecutive days per year of discharge less than 5,000 to 10,000 cfs under the 
various flow regimes.  Figure 12 displays the results of this analysis.  As suspected, the 
average number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
for the proposed action and RIOP are essentially the same at flow levels less than 9,000 
cfs and the proposed action provides slightly lower values at flow levels above 9,000 cfs.  
This is expected since the proposed action eliminates the storage opportunities present in 
the RIOP between 8,000 and 10,000 cfs. This analysis also shows that the proposed 
action generally provides a comparable or lower average number of consecutive days per 
year across all flow levels between 8,000 and 10,000 cfs as compared to the Baseline.  
Therefore, with regards to this flow-dependent variable, the proposed action likely 
provides a beneficial effect to the listed mussel species.  
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Figure 12. Average number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

In the 2008 BO, the FWS determined that “Because moderately low flows, not just the 
most extreme events, constrict aquatic habitat availability and are generally stressful to 
mussels and other aquatic biota, it is appropriate to also consider the more common low-
flow condition, i.e., the magnitude and duration of low flows that occur in half the years 
of the flow regime.  If the common low-flow conditions become even more common or 
more severe, it would reduce the amount of habitat available to mussels and would 
increase their vulnerability to exposure-related mortality, including increased predation 
by terrestrial predators” (USFWS 2008).  Consistent with the 2008 BO, Figure 13 
displays the median number of days per year less than the thresholds of 5,000 to 10,000 
cfs. The RoR flow regime results in a more common low flow condition at all flows 
below 10,000 cfs than either the proposed action or the Baseline.  The proposed action 
results in a higher median number of days per year for flows between 6,000 cfs and about 
9,500 cfs than the Baseline. At flow levels greater than approximately 9,500 cfs the 
proposed action results in a lower median number of days per year than the Baseline and 
RIOP flow regimes, which was the intent of the proposed modifications to the RIOP.  
However, the proposed action also results in a higher median number of days per year for 
flows between 6,000 cfs and about 8,500 cfs than the RIOP flow regime.  Although both 
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the RIOP and proposed action flow regimes result in an adverse effect to listed mussels at 
these flow levels, this represents a more adverse effect than occurs under the current 
operations and is an unexpected consequence of implementing the proposed 
modifications to the RIOP.   

Figure 13. Median number of days per year of discharge less than 5,000 to 10,000 cfs under RoR 
(ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

This is similar to what we observed when analyzing the median number of consecutive 
days per year of flow at the various levels.  Therefore, we once again analyzed the 
average values in addition to the median values in order to determine whether this 
phenomenon was a reflection of how the median values are calculated or truly a more 
adverse effect with regards to the number of days per year of discharge less than 5,000 to 
10,000 cfs under the various flow regimes.  Figure 14 displays the results of this analysis.  
As suspected, the average number of days per year of discharge less than 5,000 to 10,000 
cfs for the proposed action and RIOP are essentially the same.  The proposed action 
generally provides a lower average number of days per year of discharge less than 5,000 
cfs to approximately 8,500 cfs than the Baseline and nearly mirrors the Baseline values 
for discharge levels greater than 8,500 cfs.  With regards to this flow-dependent variable, 
the proposed action likely provides a beneficial effect to the listed mussel species. 
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Figure 14. Average number of days per year of discharge less than 5,000 to 10,000 cfs under RoR 
(ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

As described in the DESCRIPTION OF PROPOSED ACTION section above, the 
proposed action continues to utilize the RIOP maximum fall rate schedule.  The schedule 
limits operations to more gradual fall rates as flow declines to the river stages where 
listed mussels may occur in order to facilitate, as much as possible, the movement of 
mussels and other aquatic biota from higher to lower elevation habitats.  The general 
intent of the schedule is to avoid extreme daily declines in river stage and thereby lessen 
the potential for exposing or stranding listed mussels, their host fish, and other aquatic 
biota. 
Consistent with the 2008 BO, the effects of altered fall rates were analyzed by comparing 
the daily average fall rates observed at the Chattahoochee gage (Baseline) to those 
computed for the simulated daily flows.  The methodology for computing the daily 
average fall rates is the same.     

Figure 15 is a frequency histogram of the rate of change results, which lumps all stable or 
rising days into one category and uses the ranges that correspond to the current maximum 
fall rate schedule as categories for the falling days (<=0.25 ft/day, > 0.25 to <= 0.50 
ft/day, > 0.50 to <= 1.00 ft/day, > 1.00 to <= 2.00 ft/day, and > 2.00 ft day).  The 
proposed action includes the current maximum fall rate schedule.  Since the listed 
mussels are known to occur at flows between 5,000 and 10,000 cfs, preservation of the 
more conservative maximum fall rates should facilitate the movement of mussels as river 
stages decline. The most critical fall rate category is likely the 0.25 or less ft/day 
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category which corresponds to the maximum fall rate provision for flows < 8,000 cfs. 
Among the falling days, rates less than 0.25 ft day are the most common occurrence in all 
of the flow regimes.  The proposed action and the RIOP have a higher frequency of days 
when fall rates are in the > 0.25 to <= 0.50 ft/day range than the Baseline, but the 
proposed action results in a lower occurrence than the RIOP.  As discussed in the 
Alternatives Section above, actual operations under the proposed action would yield         

Figure 15. Frequency (percent of days) of daily stage changes (ft/day) under RoR (ResSim simulated 
flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 
1975-2008); and Baseline (observed flow 1975-2008). 

slower fall rates than those simulated when discharges are within the powerhouse 
capacity (approximately 16,000 cfs and less) due to physical limits on the Corps’ ability 
to exact releases in strict conformance with the daily average fall rate schedule and thus a 
need to operate much more conservatively in order to not violate the maximum fall rate 
schedule. The ResSim model assumes the releases can be made in strict adherence to the 
daily fall rate schedule and thus represents a “worse case” of fall rate management under 
the proposed action. We expect the actual fall rates in these lower ranges would 
approximate or improve upon those in the Baseline flow regime and this is supported by 
evaluation of the observed fall rates since the RIOP maximum fall rate schedule has been 
in place (discussed above in the ALTERNATIVES CONSIDERED section).  In the most 
extreme fall rate categories, the proposed action and RIOP result in lower frequencies 
than the Baseline, which may reduce the risk of stranding to host fish species for the 
listed mussels that utilize floodplain habitat.  This is a beneficial effect. 
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As noted in the 2008 BO, the USFWS has observed mussels exposed at stages as high as 
about 10,000 cfs (USFWS 2008). Therefore, listed mussels could potentially be directly 
impacted by increases in the number of days that fall rates greater than 0.25 ft/day occur 
and flows are less than 10,000 cfs. Figure 16 shows a count of days in the various rate
of-change categories when flow was less than 10,000 cfs.  The methodology for 
conducting the analysis is the same as that used in the 2008 BO.     

Figure 16. Frequency (number of days) of daily stage changes (ft/day) when releases from Woodruff 
Dam are less than 10,000 cfs under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim 
simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 
Similar to the previous analysis, the Baseline flow regime provides the least relative risk 
to listed mussel species by preserving the slowest fall rate (<=0.25 ft/day).  The number 
of days in the greater than 0.25 ft/day categories for the proposed action is 523, nearly 
double the number in the Baseline.  Approximately 85% of these days occur in the > 0.25 
to <= 0.50 ft/day range and the proposed action has fewer days in each of the more 
extreme categories than the Baseline.  Regardless, this increase relative to historic 
operations may represent an increased risk of stranding when mussels are located at 
stages greater than 5,000 cfs. Table 5 presents a comparison of the maximum and 
average daily fall rates for each fall rate category under the proposed action simulation 
and the Baseline flow regimes.  The maximum and average daily fall rates under both 
scenarios are comparable.    
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 Modified RIOP Baseline (observed) 
Fall Rate Range 
(ft/day) 

Maximum Fall 
Rate (ft/day) 

Average Fall 
Rate (ft/day) 

Maximum Fall 
Rate (ft/day) 

Average Fall 
Rate (ft/day) 

<=0.25 0.25 0.15 0.25 0.07 
>0.25 - <=0.5 0.50 0.30 0.50 0.34 
>0.5 - <=1.0 0.92 0.69 1.00 0.70 
>1.0 - <=2.00 1.84 1.23 1.98 1.37 
>2.00 2.97 2.97 2.37 2.21 
Table 5. Maximum and average daily fall rates (ft/day) for each fall rate category when releases from 
Woodruff Dam are less than 10,000 cfs under Modified RIOP (ResSim simulated flow 1975-2008) 
and Baseline (observed flow 1975-2008). 

As discussed above, the ResSim model assumes the releases can be made in strict 
adherence to the daily fall rate schedule and thus represents a “worse case” of fall rate 
management under the proposed action.  We expect the actual fall rates in the lower fall 
rate categories would approximate or improve upon those in the Baseline flow regime. 

FLOODPLAIN CONNECTIVITY AND SYSTEM PRODUCTIVITY 

The Apalachicola River floodplain is a highly productive area that likely provides 
spawning and rearing habitats for one or more of the host fishes of the purple 
bankclimber and fat threeridge. Floodplain inundation is also critical to the movement of 
organic matter and nutrients into the riverine feeding habitats of both the mussels and 
juvenile sturgeon, and into the estuarine feeding habitats of juvenile and adult sturgeon 
(USFWS 2008).  Therefore, listed mussels and sturgeon can be indirectly affected by 
changes to the frequency, timing, and duration of floodplain habitat connectivity and 
inundation. 

To assess these effects we compare the four flow regimes on the timing and duration of 
floodplain habitat connectivity and inundation.  Consistent with the 2008 BO, this is 
accomplished by utilizing the relationship documented by Light et al. (1998) between 
total area of non-tidal floodplain area inundated and discharge at the Chattahoochee gage 
(USFWS 2008).  Figure 17 displays a frequency analysis of the results of transforming 
the four daily discharge time series during the growing season months (April – October) 
to connected floodplain area. All four flow regimes provide for essentially the same 
frequency of floodplain habitat inundation, with the RIOP and proposed action resulting 
in nearly identical frequencies. The median amount of connected habitat under the 
proposed action (acres inundated for half of the growing season days 1975-2008) is 1,858 
acres, compared to 2,286 and 1,780 acres for the Baseline and RoR flow regimes.  
However, the curves for the proposed action and the Baseline flow regimes cross each 
other several times.  Therefore, with regards to this flow dependent habitat parameter, it 
appears that effects (if any at all) are likely a continuation of the Baseline effect.  
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Figure 17. Frequency (percent of days) of growing-season (April-October) floodplain connectivity 
(acres) to the main channel under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated 
flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 
1975-2008).  

In order to interpret biological effects related to the temporal pattern of floodplain 
inundation we evaluate the annual 30-day continuous floodplain habitat inundation 
consistent with the methodology described in the 2008 BO.  Figure 18 displays the results 
of this analysis. The proposed action and RIOP provide for identical annual 30-day 
continuous connectivity. Annual 30-day continuous connectivity is roughly comparable 
between the proposed action and RoR, which suggests that refilling reservoirs to summer 
pool levels following the winter drawdown has little effect with regards to this flow 
dependent habitat parameter. The proposed action almost always results in more annual 
30-day continuous connectivity than the Baseline flow regime.  The median amount of 
30-day continuous connected habitat under the proposed action (acres inundated for at 
least 30 days in half of the years 1975-2008) is 27,601 acres, compared to 22,169 and 
30,295 acres for the Baseline and RoR flow regimes, respectively.  Therefore, with 
regards to this flow dependent habitat parameter, the proposed action provides a 
beneficial effect. 
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Figure 18. Inter-annual frequency (percent of years) of growing season (April-October) floodplain 
connectivity (maximum acres inundated for at least 30 consecutive days each year) to the main 
channel under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); 
Modified RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

CUMULATIVE EFFECTS 

Consistent with the 2008 BO, we also considered the cumulative effects of implementing 
the proposed action by focusing on the effects of increased water depletions due to an 
increase in M&I use. Like the analysis in the 2008 BO, the 2017 projection is based on 
an increase in M&I use only and it could occur sooner or later than 2017, depending on 
population growth and other factors. It could also result from a combination of increased 
M&I and agricultural demands.  The Corps used the same approach to simulate the 
proposed action using the 2017 depletions (+27% for M&I).  In order to fully evaluate the 
effects to the listed species, all of the figures created above in the EFFECTS ANALYSIS 
section were recreated using the 2017 simulations for the RoR and proposed action.  For 
comparison, the Modified RIOP (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008) flow regimes were included as well.  These figures are 
included in Appendix A. 

The various Gulf sturgeon cumulative effects analyses (Figures 2,3,4,14, and 15) indicate 
that increased water depletions would not appreciably affect Gulf sturgeon beyond any 
effects that occur under the proposed action simulation (with historic demands) and the 
Baseline. The remaining figures in Appendix A address cumulative effects on the listed 
mussel species.  All of the listed mussels’ cumulative effects analyses indicate that 
increased water depletions results in reduced low flows during drought periods.  In 
general, this results in a continuation of the adverse effects realized under the proposed 
action simulations that utilized historic demands, but at greater intensity.  The proposed 
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action with 2017 demands simulation resulted in flows less than 5,000 cfs due to 
implementation of the drought plan minimum flow provision of 4,500 cfs during severe 
drought conditions such as those experienced in 2007.  However, the proposed action 
continues to offset the impact of an increase in depletions by maintaining minimum 
releases of 5,000 cfs in all the simulated years except 2007 (when releases dropped to 
4,500 cfs). The 2007 drought was a 1-in-200 year event and is unlikely to occur again 
during the implementation period of the proposed action (until an updated WCP is 
approved). Furthermore, water conservation programs implemented by the State of 
Georgia, should reduce the risk of water depletions reaching the estimated 2017 demand 
levels during the implementation period of the proposed action.      

CONCLUSIONS 

Gulf Sturgeon 

Based on the effects analyses described above, the Corps has determined that the 
proposed action may affect but is not likely to adversely affect Gulf sturgeon and that it 
may affect but is not likely to adversely modify Gulf sturgeon critical habitat.  Therefore, 
we request concurrence with this determination per section 7 of the Endangered Species 
Act of 1973, as amended (16 U.S.C. 1531 et seq). 

Fat Threeridge 

The Corps re-initiated consultation on the RIOP in September 2010 based on new 
information about the distribution and mortality of endangered fat threeridge mussels in 
the Apalachicola River. Through the consultation process, it was determined that 
modifications to the RIOP should be evaluated to further minimize the potential for 
“take” of fat threeridge mussels when releases are between 5,000 and 10,000 cfs.  In the 
2008 BO, “take” of listed mussel species only occurred when releases were less than 
5,000 cfs. The proposed action still includes a provision for releases as low as 4,500 cfs 
and implements minimization measures, but does not eliminate adverse effects to the 
species when releases are between 5,000 and 10,000 cfs and mussels have re-colonized at 
stages in this flow range. The period of record simulation (1975-2008) of the proposed 
action does not include releases less than 5,000 cfs which occur under the RoR and 
Baseline flow regimes.  Like the RIOP, this is a beneficial effect.  “Take” of fat 
threeridge when releases are between 5,000 and 10,000 cfs is dependent upon re
colonization of the species at stages in this flow range and discretionary operations by the 
Corps that influence these flows.  As FWS will describe in the STATUS OF THE 
SPECIES section of the BO, the 2006 and 2010 mussel mortality events suggest that re
colonization is dependent on several hydrology driven variables that do not necessarily 
occur every year. They include 1) at least 24 days of bankfull flow (defined as 72,100 
cfs) and 2) a prolonged period of monthly average flows greater than 8,000 cfs (22 
consecutive months or at least two full spawning periods).  The effects analyses above do 
not presume that mussels are always present at river stages equivalent to flows between 
5,000 and 10,000 cfs, but rather evaluate to what extent Corps operations are influencing 
flows as compared to the Baseline.  The effects analyses above, illustrate that the 
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proposed action results in a mix of beneficial and adverse effects to fat threeridge mussels 
when releases are between 5,000 and 10,000 cfs. Therefore, we have determined that the 
proposed action may adversely affect fat threeridge.  However, it is not evident that the 
proposed action would appreciably change the quantity or quality of the designated 
Critical Habitat primary constituent elements (PCE) compared to the Baseline.  Droughts 
substantially change the nature of all of these PCEs compared to normal flows.  
Therefore, we have determined that the proposed action may affect but is not likely to 
adversely modify fat threeridge mussel designated Critical Habitat.             

PURPLE BANKCLIMBER 

The flow regime changes discussed in the effects analyses for listed mussel species apply 
to the purple bankclimber as well, but probably to a lesser extent, because the data 
suggests that this species appears to occur more often in deeper portions of the stream 
channel than the fat threeridge.  Purple bankclimber exposure was not observed during 
2006 or 2010 when exposed fat threeridge were observed at stages greater than 5,000 cfs.  
Although the proposed action simulation did not result in a reduction of flows below 
5,000 cfs, it does include a provision allowing this; if more severe droughts than have 
previously occurred transpire.  A small number of purple bankclimber could be exposed 
under this condition and this is an adverse effect that is also applicable to the current 
RIOP. Therefore, we have determined that the proposed action may adversely affect 
purple bankclimber. The PCE discussion above also applies to purple bankclimber and 
therefore, we have determined that the proposed action may affect but is not likely to 
adversely modify purple bankclimber mussel designated Critical Habitat.  

CHIPOLA SLABSHELL 

Like the purple bankclimber, Chipola slabshell exposure was not observed during 2006 
or 2010 when exposed fat threeridge were observed at stages greater than 5,000 cfs.  The 
Chipola slabshell known range within the action area is limited to the Chipola River 
downstream of the Chipola Cutoff. As discussed in the 2008 BO, channel morphology 
appears less altered in the Chipola River than the Apalachicola River and the Corps’ 
influence on flow regime in the Chipola River is likely reduced due to the narrower 
channel and contributions from the Chipola River upstream of the cutoff (approximately 
132 miles).  Flowing water from the Apalachicola River influences flow in the Chipola 
River and Chipola Cutoff under the full range of flows simulated in the proposed action 
flow regime.  Therefore, the effects analyses above for the fat threeridge apply also to the 
Chipola slabshell, but probably to a lesser extent. Although the proposed action 
simulation did not result in a reduction of flows below 5,000 cfs, it does include a 
provision allowing this; if more severe droughts than have previously occurred transpire.  
A small number of Chipola slabshell could be exposed under this condition and this is an 
adverse effect that is also applicable to the current RIOP.  Therefore, we have determined 
that the proposed action may adversely affect Chipola slabshell. The PCE discussion 
above also applies to Chipola slabshell and therefore, we have determined that the 
proposed action may affect but is not likely to adversely modify Chipola slabshell mussel 
designated Critical Habitat.   
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Figure 1. Observed and simulated flow frequency (% of days flow exceeded) of the Apalachicola 
River at the Chattahoochee gage under Modified RIOP (ResSim simulated flow 1975-2008); 
Modified RIOP w 2017 demands (ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim 
simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 



 

 

 
  

   
 

 
   

Figure 2. Frequency (% of days) of Gulf sturgeon spawning habitat availability (acres of potentially 
suitable spawning substrate inundated to depths of 8.5 to 17.8 feet), on each day March 1 through 
May 31, at the three sites known to support spawning, under Modified RIOP (ResSim simulated flow 
1975-2008); Modified RIOP w 2017 demands (ResSim simulated flow 1975-2008); RoR w 2017 
demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 



 

 

 

     

  
 

Figure 3. Frequency (% of years) of Gulf sturgeon spawning habitat availability (maximum acres of 
potentially suitable spawning substrate inundated to depths of 8.5 to 17.8 feet for at least 30 
consecutive days each year), March 1 through May 31, at the three sites known to support spawning, 
under Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 
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Figure 4. Maximum number of consecutive days/year of flow less than 16,000 cfs under Modified 
RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim simulated flow 
1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 
1975-2008). 
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Figure 5. Maximum number of consecutive days/year of flow less than 16,000 cfs (October-March) 
under Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
   

 
 

 

Figure 6. Inter-annual frequency (% of years) of discharge events less than 5,000 to 10,000 cfs under 
Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
  

 
 

 

Figure 7. Maximum number of days per year of discharge less than 5,000 to 10,000 cfs under 
Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
   

  
 

 

Figure 8. Maximum number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
 

  
 

 
 

Figure 9. Median number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
   

  
 

 
 

Figure 10. Average number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
  

   
  
 

 

Figure 11. Median number of days per year of discharge less than 5,000 to 10,000 cfs under Modified 
RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim simulated flow 
1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 
1975-2008). 



 

 

 
  

 
 

 

Figure 12. Average number of days per year of discharge less than 5,000 to 10,000 cfs under 
Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim 
simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 



 

 

 
  

 
   

 

Figure 13. Frequency (percent of days) of daily stage changes (ft/day) under Modified RIOP (ResSim 
simulated flow 1975-2008); Modified RIOP w 2017 demands (ResSim simulated flow 1975-2008); 
RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 



 

 

 
  

 
 

   

Figure 14. Frequency (number of days) of daily stage changes (ft/day) when releases from Woodruff 
Dam are less than 10,000 cfs under Modified RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP w 2017 demands (ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated 
flow 1975-2008); and Baseline (observed flow 1975-2008). 



 

 

 

  
 

   
 
 

Figure 15. Frequency (percent of days) of growing-season (April-October) floodplain connectivity 
(acres) to the main channel under Modified RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP w 2017 demands (ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated 
flow 1975-2008); and Baseline (observed flow 1975-2008). 



 

 

 
 

    
    
 

 

Figure 16. Inter-annual frequency (percent of years) of growing season (April-October) floodplain 
connectivity (maximum acres inundated for at least 30 consecutive days each year) to the main 
channel under Modified RIOP (ResSim simulated flow 1975-2008); Modified RIOP w 2017 demands 
(ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and 
Baseline (observed flow 1975-2008). 
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REVISED AMENDED BIOLOGICAL ASSESSMENT
 
Modifications to the Revised Interim Operations Plan (RIOP) for Jim Woodruff
 

Dam and the Associated Releases to the Apalachicola River
 

INTRODUCTION 

On 1 June 2008, the U.S. Fish and Wildlife Service (FWS) released a Biological Opinion 
(BO) on the U.S. Army Corps of Engineers, Mobile District (Corps), Revised Interim 
Operations Plan (RIOP) for Jim Woodruff Dam and the associated releases to the 
Apalachicola River (USFWS 2008). The BO addressed the effects of Corps operations at 
Jim Woodruff Dam on Federally listed endangered or threatened species and critical 
habitat for those species. Species of concern include the threatened Gulf sturgeon 
(Acipenser oxyrinchus desotoi) and critical habitat for the Gulf sturgeon; the endangered 
fat threeridge mussel (Amblema neislerii); the threatened purple bankclimber mussel 
(Elliptoideus sloatianus); the threatened Chipola slabshell mussel (Eliptio chipolaensis) 
and critical habitat for the listed mussels. As described in the BO, the operations 
regarding releases to the Apalachicola River were described in a revised interim plan, 
since consultation on the overall project operations for the Apalachicola, Chattahoochee, 
Flint Rivers (ACF) system would be deferred until future efforts to update the water 
control plans and basin manual for the system. This Revised Amended Biological 
Assessment (BA) addresses effects to these same four species under a revision to the 
previously submitted Corps’ proposed modifications to the RIOP. The effects analysis 
described in the Revised BA also utilizes updated HEC-ResSim modeling that reflects the 
changes to the proposed action, as well as, an alternative approach (more representative 
of actual operations) to simulating down-ramping during low flow conditions.  The Corps 
re-initiated consultation on the RIOP in September 2010 based on new information about 
the distribution and mortality of endangered fat threeridge mussels in the Apalachicola 
River.  This Revised BA is based on numerous conference calls and coordination 
meetings between the Corps and FWS since the re-initiation began.  The revisions to the 
proposed action and model simulation reflected herein are specifically the product of a 
meeting between the U.S. Fish and Wildlife Service (USFWS) and the Corps on 13 
January 2012.  

DESCRIPTION OF PROPOSED ACTION 

Like the current RIOP, the proposed action specifies two parameters applicable to the 
daily releases from Jim Woodruff Dam:  a minimum discharge and a maximum fall rate. 
Also like the current RIOP, the proposed action places limitations on refill, but does not 
require a net drawdown of composite storage unless basin inflow is less than 5,000 cfs.  
However, the proposed action includes several modifications to the current RIOP.  These 
modifications are generally consistent with those submitted in the previous Amended BA 
in December 2011.  The intent of the modifications is to further minimize or avoid 
adverse effects on listed species as a result of Corps’ discretionary operations at Jim 
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Woodruff Dam, while still maintaining storage opportunities and/or reductions in the 
demand of storage in order to provide continued support to project purposes, minimize 
impacts to other water users, and provide greater assurance of future sustained flows for 
species and other users during a severe multi-year drought.  The modifications include 1) 
elimination of the use of volumetric balancing as described in the May 16, 2007 letter to 
USFWS; 2) minimum flow releases will match basin inflow when basin inflow is 
between 5,000 and 10,000 cubic feet per second (cfs) during the months of June through 
November (this provision is suspended during drought contingency operations); 3) 
drought contingency operations are not suspended and normal operations reinstituted 
until such a time as the composite conservation storage has recovered above Zone 2 into 
Zone 1; 4) when releases are within powerhouse capacity and less than 10,000 cfs the 
maximum fall rate is limited to 0.25 feet per day (ft/day) or less; and 5) in accordance 
with RPM 2008-4 of the RIOP BO (USFWS 2008), formal adoption of an additional Gulf 
sturgeon spawning season (March-May) provision which ensures that river stage declines 
of 8 feet or more will not occur in less than 14 days when river flows are less than 40,000 
cfs (under both normal and drought operations). 

The proposed action does not change the current RIOP basin inflow calculation (7-day 
moving average daily basin inflow), use of Chattahoochee gage (USGS number 
02358000) to measure releases/river flow, limited hydropower peaking operations at Jim 
Woodruff Dam, nor conditions under which maintenance of the minimum release and 
maximum fall rate schedule are suspended and more conservative drought contingency 
operations begin.  Like the current RIOP, the proposed action is considered an interim 
operations plan for Jim Woodruff Dam, pending a future update of the ACF Water 
Control Plan (WCP).  The WCP update is currently ongoing.  A detailed description of 
the proposed action and how it modifies the current RIOP is provided below. 

Minimum Discharge: Like the current RIOP, the proposed action varies minimum 
discharges from Jim Woodruff Dam by basin inflow, composite conservation storage 
level, and by month and the releases are measured as a daily average flow in cfs at the 
Chattahoochee gage.  Table 1 shows minimum releases from Jim Woodruff Dam 
prescribed by the proposed action and shows when and how much basin inflow is 
available for increasing reservoir storage.  Except when basin inflow is less than 5,000 
cfs and during some down-ramping periods, the minimum releases are not required to 
exceed basin inflow.  The current RIOP defines basin inflow threshold levels that vary by 
three seasons: spawning season (March-May); non-spawning season (June-November); 
and winter (December-February).  The current RIOP also incorporates composite 
conservation storage thresholds that factor into minimum release decisions.  Composite 
conservation storage is calculated by combining the conservation storage of Lake Sidney 
Lanier, West Point Lake, and Walter F. George Lake.  Each of the individual storage 
reservoirs consists of four Zones.  These Zones are determined by the operational guide 
curve for each project.  The composite conservation storage utilizes the four Zone 
concepts as well; i.e., Zone 1 of the composite conservation storage represents the 
combined conservation storage available in Zone 1 for each of the three storage 
reservoirs. 
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During the spawning season (March-May), two sets of four basin inflow thresholds and 
corresponding releases exist based on composite conservation storage.  In accordance 
with RPM 2008-4 of the RIOP BO (USFWS 2008), the spawning season also includes a 
special fall rate provision in order to avoid take of larval Gulf sturgeon.  The provision 
ensures that river stage declines of 8 feet or more do not occur in less than 14 days when 
river flows are less than 40,000 cfs. When composite conservation storage is in Zones 1 
and 2, a less conservative operation is in place.  When composite conservation storage is 
in Zone 3, a more conservative operation is in place while still avoiding or minimizing 
impacts to listed species and critical habitat in the river.  When composite conservation 
storage falls below the bottom of Zone 3 into Zone 4 the drought contingency operations 
are “triggered” representing the most conservative operational plan.  The spawning 
season fall rate provision is in place under normal and drought operations.  A detailed 
description of the drought contingency operations is provided below. During the 
spawning season, a daily monitoring plan that tracks composite storage will be 
implemented in order to determine water management operations.  Recent climatic and 
hydrological conditions experienced and meteorological forecasts will be used in addition 
to the composite conservation storage values when determining the appropriate basin 
inflow thresholds to utilize in the upcoming days. 

Like the current RIOP, during the non-spawning season (June-November), one set of four 
basin inflow thresholds and corresponding releases exists based on composite 
conservation storage in Zones 1-3.  However, the proposed action modifies the current 
RIOP basin inflow and minimum release provisions while operating in these composite 
conservation zones.  The proposed action modifies the RIOP by further limiting storage 
opportunities when basin inflow is between 5,000 and 10,000 cfs.  This change also 
requires slight adjustments to the basin inflow levels and minimum release provisions at 
basin inflows greater than 10,000 cfs.  Table 1 reflects the proposed action with the 
modifications to the current RIOP.  When composite conservation storage falls below the 
bottom of Zone 3 into Zone 4 the drought contingency operations are “triggered”. 

Like the current RIOP, during the winter season (December-February), there is only one 
basin inflow threshold and corresponding minimum release (5,000 cfs) while in 
composite conservation storage Zones 1-3. There are no basin inflow storage restrictions 
as long as this minimum flow is met under these conditions.  When composite storage 
falls below the bottom of Zone 3 into Zone 4 the drought contingency operations are 
“triggered”.  It should be noted that the previous Amended BA included a modification 
during the winter season that limited storage opportunities when basin inflow is between 
5,000 and 10,000 cfs and included a minimum flow release provision to match the basin 
inflow in this range.  This previously proposed modification was removed based on 
additional analysis and discussions with the USFWS which resulted in the Corps’ 
determination that the provision had little, if any, effect on minimizing or avoiding 
adverse effects to listed species.  Given that this objective was not met, the Corps 
believes that maintaining operational flexibility to maximize storage opportunities during 
the winter season and potentially increase the amount of storage available for other 
authorized project purposes and augmenting releases above basin inflow during drought 
conditions is the prudent water management action. 
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Like the current RIOP, the flow rates included in Table 1 prescribe minimum, and not 
target, releases for Jim Woodruff Dam.  During a given month and basin inflow rate, 
releases greater than the Table 1 minimum releases may occur consistent with the 
maximum fall rate schedule, described below, or as needed to achieve other project 
purposes, such as hydropower or flood control. 

Maximum Fall Rate: Fall rate, also called down-ramping rate, is the vertical drop in 
river stage (water surface elevation) that occurs over a given period.  The fall rates are 
expressed in units of ft/day, and are measured at the Chattahoochee gage as the difference 
between the daily average river stage of consecutive calendar days.  Rise rates (e.g., 
today’s average river stage is higher than yesterday’s) are not addressed.  The proposed 
action includes a modification to the maximum fall rate schedule (Table 2) prescribed by 
the current RIOP.  This modification was not included in the previously submitted 
Amended BA.  However, it was developed from and is consistent with recommendations 
made by the USFWS in RPM 2011-2 of the Incidental Take Statement in the December 
2011 Draft Biological Opinion on the RIOP.  The proposed modification consists of 
limiting the maximum fall rate to 0.25 ft/day or less when releases are within powerhouse 
capacity and less than 10,000 cfs.  When releases are within powerhouse capacity and 
greater than 10,000 cfs, the maximum fall rate is limited to 0.25 to 0.50 ft/day.  No other 
modifications to the current maximum fall rate schedule are proposed.  Unless otherwise 
noted, fall rates under the drought contingency operation would be managed to match the 
fall rate of the 1-day basin inflow. Matching the 1-day basin inflow fall rate during 
drought operations facilitates quicker recovery and a faster return to normal operations. 
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Table 1. Proposed Action Modified RIOP Releases From Jim Woodruff Dam 

Months Composite 
Storage Zone 

Basin Inflow (BI) (cfs) Releases from JWLD (cfs) Basin Inflow Available for 
Storage1 

March - May Zones 1 and 2 >= 34,000 >= 25,000 Up to 100% BI > 25,000 
>= 16,000 and < 34,000 >= 16,000 + 50% BI > 16,000 Up to 50%  BI > 16,000 
>= 5,000 and < 16,000 >= BI None 
< 5,000 >= 5,000 None – Augment releases from 

storage 
Zone 3 >= 39,000 >= 25,000 Up to 100% BI > 25,000 

>= 11,000 and < 39,000 >= 11,000 + 50% BI > 11,000 Up to 50% BI > 11,000 
>= 5,000 and < 11,000 >= BI None 
< 5,000 >= 5,000 None – Augment releases from 

storage 
June 
November 

Zones 1,2, and 3 >= 22,000 >= 16,000 Up to 100% BI > 16,000 

>= 10,000 and < 22,000 >= 10,000 + 50% BI > 10,000 Up to 50% BI > 10,000 
>= 5,000 and < 10,000 >= BI None 
< 5,000 >= 5,000 None – Augment releases from 

storage 
December 
February 

Zones 1,2, and 3 >= 5,000 >= 5,000 (Store all BI > 5,000) Up to 100% BI > 5,000 

< 5,000 >= 5,000 None – Augment releases from 
storage 

At all times Zone 4 NA >= 5,000 Up to 100% BI > 5,000 
At all times Drought Zone NA >= 4,5002 Up to 100% BI > 4,500 

1 Consistent with safety requirements, flood control purposes, and equipment capabilities.
 
2 Once composite storage falls below the top of the Drought Zone ramp down to 4,500 cfs will occur at a rate no greater than 0.25 ft/day drop.
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Table 2. Proposed Action Modified RIOP Maximum Fall Rate Schedule Composite Storage Zones 1,2, and 3* 

Release Range (cfs) Maximum Fall Rate (ft/day), measured at Chattahoochee gage 

> 30,000** No ramping restriction*** 
> 20,000 and <= 30,000* 1.0 to 2.0 
Exceeds Powerhouse Capacity (~ 16,000) and <= 20,000* 0.5 to 1.0 
Within Powerhouse Capacity and >= 10,000* 0.25 to 0.5 
Within Powerhouse Capacity and < 10,000* 0.25 or less 

*Maximum fall rate schedule is suspended in Composite Zone 4
 
**Consistent with safety requirements, flood control purposes, and equipment capabilities.
 
***For flows greater than 30,000 cfs, it is not reasonable and prudent to attempt to control down ramping rate, and no ramping rate is
 
required.
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Drought Contingency Operations: Like the current RIOP, the proposed action 
incorporates a drought contingency operation (referred to as drought plan).  The drought 
plan specifies a minimum release from Jim Woodruff Dam and temporarily suspends the 
other minimum release and maximum fall rate provisions until composite conservation 
storage within the basin is replenished to a level that can support them.  The minimum 
discharge is determined in relation to composite conservation storage and not average 
basin inflow under the drought plan.  The drought plan is “triggered” when composite 
conservation storage falls below the bottom of Zone 3 into Zone 4.  At that time all the 
composite conservation storage Zone 1-3 provisions (seasonal storage limitations, 
maximum fall rate schedule, and minimum flow thresholds) are suspended and 
management decisions are based on the provisions of the drought plan.  The drought plan 
includes a temporary waiver from the existing water control plan to allow temporary 
storage above the winter pool rule curve at the Walter F. George and West Point projects 
if the opportunity presents itself and/or begin spring refill operations at an earlier date in 
order to provide additional conservation storage for future needs as well as provide for a 
minimum releases less than 5,000 cfs from Jim Woodruff Dam. 

The drought plan prescribes two minimum releases based on composite conservation 
storage in Zone 4 and an additional zone referred to as the Drought Zone (Figure 1). The 
Drought Zone delineates a volume of water roughly equivalent to the inactive storage in 
lakes Lanier, West Point and Walter F. George plus Zone 4 storage in Lake Lanier. 
However, the Drought Zone line has been adjusted to include a smaller volume of water 
at the beginning and end of the calendar year. When the composite conservation storage 
is within Zone 4 and above the Drought Zone, the minimum release from Jim Woodruff 
Dam is 5,000 cfs and all basin inflow above 5,000 cfs that is capable of being stored may 
be stored.  Once the composite conservation storage falls below the Drought Zone, the 
minimum release from Jim Woodruff Dam is 4,500 cfs and all basin inflow above 4,500 
cfs that is capable of being stored may be stored.  When transitioning from a minimum 
release of 5,000 to 4,500 cfs, maximum fall rates will be limited to a 0.25 ft/day drop. 
The 4,500 cfs minimum release is maintained until composite conservation storage 
returns to a level above the top of the Drought Zone, at which time the 5,000 cfs 
minimum release is re-instated. Under the current RIOP, the drought plan provisions 
remain in place until conditions improve such that the composite conservation storage 
reaches a level above the top of Zone 3 (i.e., within Zone 2).  At that time, the temporary 
drought plan provisions are suspended, and all the other provisions are re-instated. 
During the drought contingency operations a monthly monitoring plan that tracks 
composite conservation storage in order to determine water management operations (the 
first day of each month will represent a decision point) will be implemented to determine 
which operational triggers are applied.  In addition, recent climatic and hydrological 
conditions experienced and meteorological forecasts will be used when determining the 
set of operations to utilize in the upcoming month. The proposed action modifies the 
current RIOP drought plan by increasing the composite conservation storage level 
“trigger” for re-instating the normal operations.  Under the proposed action, the drought 
plan provisions remain in place until conditions improve such that the composite 
conservation storage reaches a level above the top of Zone 2 (i.e., within Zone 1).  All 
other provisions of the current RIOP remain unchanged under the proposed action. 
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Figure 1.  Proposed Action Drought Composite Conservation Storage Triggers. 
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ALTERNATIVES CONSIDERED 

The alternatives described in the previously submitted BA, as well as, the proposed 
action described in the previously submitted BA describe the alternatives to this proposed 
action and are incorporated by reference. 

STATUS OF THE SPECIES/CRITICAL HABITAT 

Please refer to the STATUS OF THE SPECIES/CRITICAL HABITAT section (Section 
2) of the June 1, 2008 Biological Opinion on the U.S. Army Corps of Engineers, Mobile 
District, Revised Interim Operating Plan for Jim Woodruff Dam and the Associated 
Releases to the Apalachicola River (USFWS 2008); and the 2010 Annual Report 
January 31, 2011 (USACE 2011).  The detailed information provided in Section 2 of the 
BO and the Annual Report (specifically the draft mussel study report) represent the best 
scientific information available on the listed species occurring in the action area and 
provided the basis for determining the flow regime characteristics identified as relevant to 
the listed species and their habitats during development of the RIOP and considered 
during development of the modifications to the RIOP. The FWS also has additional 
information regarding the status of the species that will be updated as part of this re-
initiated consultation. 

ENVIRONMENTAL BASELINE 

As described in the 2008 BO, the environmental baseline is a "snapshot" of a species' 
health at a specified point in time.  It does not include the effects of the proposed action, 
but rather provides an analysis of the effects of past and ongoing human and natural 
factors leading to the current status of the species, its habitat (including designated 
critical habitat), and ecosystem, within the action area. Section 3 of the BO provides a 
description of the environmental baseline prior to implementation of the RIOP. This 
detailed information represents the best scientific information available at that time 
regarding the listed species occurring in the action area.  However, the environmental 
baseline for the proposed action must also consider the effects of operating under the 
RIOP for the past 36 months.  Some of the factors contributing to the environmental 
baseline, such as the general description of the action area, have not changed significantly 
since the time the BO was written and we incorporate this information by reference to 
Section 3 of the BO.  The FWS will update the Environmental Baseline section as part of 
this re-initiated consultation. 

EFFECTS ANALYSIS 

This section is an analysis of the effects of the proposed action on the species and critical 
habitat.  The previous “Environmental Baseline” section described the effects of the 
current operations including the RIOP over the past three years.  This section addresses 
the future direct and indirect effects of implementing the proposed action. 
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FACTORS CONSIDERED 

In the “ENVIRONMENTAL BASELINE” section of the 2008 BO, FWS described three 
principal components of the species’ environment in the action area: channel 
morphology, flow regime, and water quality. Physical habitat conditions for the listed 
species in the action area are largely determined by flow regime, and channel 
morphology sets the context for the flow regime. The FWS noted that channel 
morphology has changed relative to the pre-dam period in the Apalachicola River, but the 
rate of change has slowed and appears to have entered a somewhat dynamic equilibrium 
condition (USFWS 2008). We have no ability at this time to predict specific effects on 
channel morphology due to the influence of the proposed action on the flow regime. The 
proposed action relates to water management at federal projects in the ACF basin and 
includes limits on the extent to which the Corps alters basin inflow into the Apalachicola 
River via operations of the ACF dams and reservoirs; therefore, the primary focus of this 
analysis is the flow regime of the Apalachicola River with and without the proposed 
action.  Consistent with the BO for the RIOP, our analysis of flow regime alteration 
relative to the listed species and critical habitats considers the following factors. 

Proximity of the action: The proposed action may affect habitat occupied by all life 
stages of Gulf sturgeon in both the Apalachicola River and Bay, which are designated as 
critical habitat.  The proposed action will also affect habitat known to be occupied by the 
purple bankclimber, Chipola slabshell, and fat threeridge mussels.  These mussel species 
spend their entire lives within the action area, all of which is proposed as critical habitat 
for the mussels.  The proposed action includes releases from Jim Woodruff Dam and 
affects some of the species’ life history stages and habitat features from as close as 
immediately below the dam to more than 100 miles downstream. 

Distribution: The proposed action could alter flows in the Apalachicola River and its 
distributaries downstream of the dam, and alter freshwater inflow to Apalachicola Bay.  
The Gulf sturgeon may occur throughout the river and bay in suitable habitats, and 
occasionally in the Chipola River downstream of Dead Lake. The Action area includes 
most of the known range of the fat threeridge, about one third of the range of the purple 
bankclimber, and a small fraction of the range of the Chipola slabshell. This analysis 
examines how the proposed action may variously affect different portions of the action 
area according to the distribution of the species and important habitat features in the 
action area. 

Timing: The proposed action could alter flows in the Apalachicola River and into 
Apalachicola Bay at all times of the year. It will reduce flows when increasing composite 
conservation storage in the ACF reservoirs and increase flows when decreasing 
composite conservation storage.  Gulf sturgeon occupy the Apalachicola River year-
round as larval and juvenile fish, and then seasonally as subadults and adults, spawning in 
the Apalachicola River around May.  Subadults and adult Gulf sturgeon likewise occupy 
Apalachicola Bay seasonally, during the coldest months of the year.  The three mussel 
species occupy the action area year-round and during all life phases. The fat threeridge, a 
species that tends to occupy shallower waters, may be more susceptible to effects of low 
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flows during the breeding period, in late spring/early summer.  Consistent with the 2008 
BO, we examine how the proposed action may alter the seasonal timing of biologically 
relevant flow regime features in our analysis. 

Nature of the effect: The proposed action will reduce flows in the Apalachicola River 
when increasing composite storage in the ACF reservoirs and increase flows when 
decreasing composite reservoir storage. Two of the Gulf sturgeon primary constituent 
elements of designated critical habitat may be affected by the actions: flow regime and 
water quality. Permanently flowing water and water quality are also two of five primary 
constituent elements of designated critical habitat for the fat threeridge, purple 
bankclimber, and Chipola slabshell. The proposed action may also affect a third element 
of designated critical habitat for the mussels: host fish. Consistent with the 2008 BO, we 
examine how the proposed action may affect the listed species and critical habitat 
elements through specific analyses focused on relevant habitat features, such as spawning 
substrate, floodplain inundation, and vulnerability to exposure by low flows. 

Duration: This proposed action is a modification to the current interim operations plan 
(RIOP) at Jim Woodruff Dam and the operations described under the proposed action are 
applicable until revised or until an updated Water Control Plan is adopted.  Although the 
duration of the proposed action is indefinite, the nature of its effects is such that none are 
permanent. The Corps can alter its reservoir operations at any time; therefore, flow 
alterations that may result from the proposed action will not result in permanent impacts 
to the habitat of any of the listed species. Consistent with the 2008 BO, we examine how 
implementation of the proposed action may alter the duration of high flows and low flows 
that are relevant to the listed species and critical habitats. 

Disturbance frequency: The proposed action is applicable year round; therefore, changes 
to the flow regime and water quality parameters may occur at any time and/or 
continuously until such time as the proposed action is revised or until an updated Water 
Control Plan is adopted. Consistent with the 2008 BO, we examine how implementation 
of the proposed action may alter the frequency of high flows and low flows that are 
relevant to the listed species and critical habitats. 

Disturbance intensity and severity: The proposed action may variously affect the flow 
regime depending on time of year, basin inflow, and composite conservation storage 
levels as defined in DESCRIPTION OF PROPOSED ACTION section above.  Like the 
current RIOP, the proposed action maintains a minimum flow of 5,000 cfs except during 
extreme drought events more severe than have previously occurred and maintains a 
minimum flow of 4,500 cfs at all times. Consistent with the 2008 BO, we examine how 
the proposed action affects the magnitude of flow events relative to the baseline and to no 
action (RIOP). 

ANALYSIS FOR EFFECTS OF THE ACTION 

The Effects Analysis for the proposed action is generally consistent with that of the 2008 
BO, with the exception of using the HEC-ResSim Model to simulate flow operations in 
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the ACF Basin rather than the HEC-5 model used in 2008 and changes to the 
assumptions regarding consumptive demands.  Details about the ResSim model are 
provided below in the MODEL DESCRIPTION section.  A description of the changes to 
the assumptions regarding consumptive demands follows. 

Consistent with the 2008 BO, we determine the future effect of project operations, as 
prescribed by the proposed action, by comparing the environmental conditions expected 
to occur under the proposed action to the environmental baseline.  In the BO for the 
RIOP, the flow regime of the environmental baseline was described using post-1975 flow 
records, because this period represented the complete hydrology of the current 
configuration of the ACF federal reservoir projects.    

In the 2008 BO the USFWS compared the flow regime expected under the RIOP to this 
historic flow record to identify changes in flows that were relevant to the listed species 
and their habitats.  The 2008 RIOP simulations, evaluated in the BO, were simulated with 
present-level consumptive demands (year 2000) occurring in all years.  To isolate the 
effects of the present level of consumptive water use on the flow regime from the effects 
of implementing the RIOP, the USFWS also examined environmental conditions that 
would result if project operations were not continued, i.e., discontinuing Corps’ reservoir 
operations that alter the flow regime of the river.  This flow regime was termed the run
of-river (RoR) regime. RoR is the expected flow regime if the Corps maintained a 
constant water surface elevation on all of the ACF federal reservoirs, never diminishing 
basin inflow by raising reservoir levels and never augmenting basin inflow by lowering 
reservoir levels. RoR is the constant release of basin inflow from Woodruff Dam.  By 
comparing all three flow regimes, Baseline (1975-2007 observed flow), RIOP, and RoR, 
the USFWS identified effects relative to the baseline attributable to the RIOP apart from 
effects attributable to an increase in depletions due to consumptive losses in the basin 
since 1975 (USFWS 2008). In this effects analysis the definition for RoR remains the 
same, but the method for computing the RoR has changed along with its ability to 
differentiate effects attributable to the proposed action from those attributable to an 
increase in depletions due to consumptive losses in the basin since 1975.  

In the 2008 BO, we used the same basin inflow time series (1-day basin inflow) upon 
which the model based its simulation of the RIOP to represent the RoR.  As described in 
the 2008 BO, 1-day basin inflow is the sum of local inflow for each of the Corps’ ACF 
reservoirs on a given day and does not reflect travel time through the basin; therefore, if 
is a rough approximation of an actual RoR operation.  During this re-initiated 
consultation, the FWS and the Corps agreed that an HEC-ResSim simulation of a RoR 
operation (instead of 1-day basin inflow) that includes the same historic consumptive 
demands as used for synthesizing the unimpaired flows and simulating the RIOP and 
proposed action would allow us to better analyze operational differences between historic 
and simulated operations.  For this analysis, the consumptive water demands used in the 
models are the actual reported municipal and industrial (M&I) depletions for the period 
of 1980-2008 and the estimated agricultural water use.  Consumptive water-use values 
prior to 1980 were hindcasted based on census population data.  The method for 
estimating agricultural water use which varied by month and by year (wet, normal, dry) is 
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consistent with the method utilized during the development of the RIOP and the effects 
analysis in the 2008 BO.  However, the use of actual reported M&I depletions is an 
update to the previous method which applied an estimate of the highest demand year 
(2000) to the period of record simulation. 

It was mutually agreed that this updated method for simulating the no action, proposed 
action, and RoR provides a more useful comparison to the baseline (observed) condition 
as these simulations more accurately reflect the influences of reservoir evaporative losses, 
inter-basin water transfers, and consumptive water uses, such as municipal/industrial 
water supply and agricultural irrigation that also influenced the observed Apalachicola 
River flows during the period of record.  Therefore, the difference between the various 
flow regimes is the net effect of continued operation under each scenario including the 
effect of influences that are unrelated to project operations (hydrology, evaporation, land 
use and climate change). Additionally, there are occasional discretionary operational 
decisions such as water control plan deviations approved by the Division Commander, 
powerhouse and lockage outages, scheduled maintenance, special navigation releases and 
congressional requests that are not reflected in the model.  By taking this approach, the 
RoR flow regime no longer differentiates whether an effect (either beneficial or adverse) 
is attributable to the Corps discretionary operations as it includes the same assumptions 
regarding  reservoir evaporative losses, inter-basin water transfers, and consumptive 
water uses.  It does still provide a useful frame of reference since the RoR simulation 
represents a flow regime with no Corps discretionary operations (i.e., Corps reservoirs 
maintain a constant water surface elevation during the period, such that the reservoirs 
only release the net inflow into the dam). The RoR is not the natural flow of the basin at 
the site of Jim Woodruff Dam, because it reflects the influences of reservoir evaporative 
losses, inter-basin water transfers, and consumptive water uses.  

As described above, the principal factor examined in determining effects for the proposed 
action is the flow regime of the Apalachicola River and how the flow regime affects 
habitat conditions for the listed species.  Differences between the Baseline, RIOP, and 
proposed action simulated flow regimes are generally attributable to the Corps 
discretionary operations. However, we recognize that the differences in the observed and 
simulated flows are also influenced by the nature of the ResSim tool and the assumptions 
it includes.  The most relevant assumptions include those for consumptive water use.  If 
the reported M&I depletions are not accurate, and the estimates for agricultural water use 
and reservoir evaporation differ significantly from the actual historic values, then the 
simulated river flows would be influenced accordingly.  Regardless, the ResSim model is 
the best available tool for simulating reservoir and river conditions under variable 
operational sets.  At this time we cannot differentiate between flow differences 
attributable to Corps discretionary operations and those attributable to potential 
inaccuracies in the model assumptions and thus we conservatively attribute all the 
differences to the RIOP operations. Consistent with the 2008 BO, if the proposed action 
does not alter the Baseline, its effect on the species/habitat is a continuation of the 
Baseline effect, if any. If the proposed action condition represents a beneficial or adverse 
alteration of the Baseline condition, the effect is accordingly beneficial or adverse. 
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MODEL DESCRIPTION 

The HEC-ResSim model was used to simulate flow operations in the ACF Basin. HEC-
ResSim is a state-of-the-art tool for simulating flow operations in managed systems. It 
was developed by the Corps’ Hydrologic Engineering Center (HEC) to aid engineers and 
planners performing water resources studies in predicting the behavior of reservoirs and 
to help reservoir operators plan releases in real time during day-to-day and emergency 
operations.  This effects analysis used HEC-ResSim Version 3.1 “Release Candidate 3, 
Build 42” (USACE, 2010a).  The label “Release Candidate” means that the software is 
undergoing final testing before distribution as an official version. 

HEC-ResSim has a graphical user interface designed to follow Windows® software 
development standards.  The model’s interface can be learned without extensive tutorials. 
Familiar data entry features make model development easy, and localized mini plots 
graph the data entered in most tables so that errors can be seen and corrected quickly.  A 
variety of default plots and reports, along with tools to create customized plots and 
reports, facilitate output analysis. 

HEC-ResSim provides a realistic view of the physical river/reservoir system using a map-
based schematic.  The program’s user interface allows the user to draw the network 
schematic as a stick figure or as an overlay on one or more geo-referenced maps of the 
watershed. HEC-ResSim represents a system of reservoirs as a network composed of four 
types of physical elements: junctions, routing reaches, diversions, and reservoirs. By 
combining those elements, the HEC-ResSim modeler is able to build a network capable 
of representing anything from a single reservoir on a single stream to a highly developed 
and interconnected system like that of the ACF Basin.  A reservoir is the most complex 
element of the reservoir network and is composed of a pool and a dam.  HEC-ResSim 
assumes that the pool is level (i.e., it has no routing behavior), and its hydraulic behavior 
is completely defined by an elevation-storage-area table.  The real complexity of HEC
ResSim’s reservoir network begins with the dam. 

Most reservoirs are constructed for one or more of the following purposes: flood risk 
management, power generation, navigation, water supply, recreation, and environmental 
quality.  Those purposes typically define the goals and constraints that describe the 
reservoir’s release objectives.  Other factors that might influence the objectives include 
time of year, hydrologic conditions, water temperature, current pool elevation (or zone), 
and simultaneous operations by other reservoirs in a system.  HEC-ResSim uses an 
original rule-based description of the operational goals and constraints that reservoir 
operators must consider when making release decisions. 

To provide a potential range of flows that might be experienced while the proposed 
action scenarios are in effect, the ResSim model simulates river flow and reservoir levels 
using a daily time series of unimpaired flow data as input for a certain period of record. 
Whereas basin inflow is computed to remove the effects of reservoir operations from 
observed flow, unimpaired flow is developed to remove the effects of both reservoir 
operations and consumptive demands from observed flow. The ResSim model imposes 
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reservoir operations and consumptive demands onto the unimpaired flow time series to 
simulate flows and levels under those operations and demands.  The unimpaired flow 
data set is the product of the Tri-State Comprehensive Study, in which the States of 
Alabama, Florida, and Georgia, participated.  

The current unimpaired flow data set represents the years 1939 to 2008.  The Corps has 
not yet computed unimpaired flow for 2009-current day.  Unimpaired flow computations 
require actual water use data from the three States and 2008 is the most recent year of this 
data provided to the Corps.  For purposes of evaluating the proposed action, a 70-year 
unimpaired flow hydrologic period of record (1939 through 2008) was used to run the 
simulations.  However, for the purposes of this effects analysis, we focus on the data 
from 1975-2008, because this period represents the complete hydrology of the current 
physical configuration of the ACF federal and private reservoir projects with an 
unimpaired flow computation.    

MODEL SIMULATIONS 

The Corps has simulated the 1975 – 2008 ACF project operations under the RIOP, 
proposed action, and RoR using the HEC-ResSim hydrologic simulation software. As 
described above, the RoR simulation represents flow conditions without the influence of 
Corps project operations.  

To ensure comparisons that are most likely to reveal anthropogenic differences between 
the sets of environmental conditions (RIOP, Proposed Action, RoR, and Baseline) and 
not hydrologic differences between years, we use the output from the ResSim models for 
the period that is also represented in the baseline, which is 1975 to 2008 (34 years). Using 
only the latter 34 years of the ResSim results removes 36 years of model results from our 
analysis, including a drought during the 1950’s.  However, the later 34 years of the 
simulated period appear to represent the most “critical” period for the model, as this is 
when reservoir levels and flows reach their lowest levels in the simulation. Further, the 
basin experienced below normal precipitation and basin inflow levels from 2006 through 
much of 2008 and record low composite conservation storage levels were recorded per 
calendar date in 2007 and 2008. 

Throughout the re-initiated consultation the Corps has maintained that actual down-
ramping operations are more conservative than those reflected in the ResSim simulation 
due to the limitations of the equipment and careful operations to avoid violating the 
maximum fall rate schedule when the most conservative fall rates are prescribed.  These 
fall rates are associated with down-ramping events when releases are less than 10,000 cfs.  
Actual fall rates (based on observed data) in this range, since the maximum fall rate 
schedule has been in place (5 September 2006) have averaged 0.13 ft/day.  The average 
fall rate when releases are less than 10,000 cfs during the Baseline period (1975-2008) is 
0.16 ft/day. Therefore, at the request of the USFWS, the Corps simulated the proposed 
action and current RIOP utilizing a standard 0.13 ft/day fall rate when flows are less than 
10,000 cfs.  The 0.13 ft/day represents the average fall rate when Chattahoochee flows 
are less than 10,000 cfs during non-drought operation for the period 1975-2011.  This 
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differs from previous model simulations which included a range of fall rate provisions in 
the lowest fall rate categories.  The Corps is not eliminating the 0.25 ft/day fall rate 
provision for releases less than 10,000 cfs, described in the maximum fall rate schedule 
(Table 2) for the proposed action.  Rather, due to the limitations of the simulation 
software to represent the actual conservative down-ramping operations for releases in this 
range, a flat fall rate that better simulates releases expected as operations are conducted in 
accordance with the maximum fall rate schedule has been adopted.  This is consistent 
with previous and current simulations that establish a minimum flow slightly higher than 
5,000 cfs (5,050 cfs) in the model simulation rules to better reflect actual conservative 
operations in place to avoid violating the 5,000 cfs minimum flow provision. The effects 
analysis below utilizes these new simulations for the proposed action and the current 
RIOP.  Differences between the previously submitted current RIOP simulation and this 
current RIOP simulation are attributable to the revised simulation rules for the maximum 
fall rate schedule when flows are less than 10,000 cfs.  The RoR and Baseline data sets 
are identical to those previously provided. 

GENERAL EFFECTS ON THE FLOW REGIME 

Consistent with the analysis conducted in the 2008 BO, the effects of the proposed action 
on the flow regime is evaluated by comparing the Apalachicola River flow frequencies 
for the various conditions (Proposed Action, RIOP, RoR, and Baseline).    

Figure 3 displays the frequency analysis for flows that are exceeded at least 80% of the 
time (i.e., the lowest flows), to illustrate the low-flow differences between the various 
flow regimes. These low flow events represent the most severe flow conditions for the 
aquatic biota in the river. The RoR simulation consistently results in a higher frequency 
of lower flows during the driest conditions.  The proposed action, RIOP, and Baseline 
flow regimes are all comparable with very little difference between the proposed action 
and RIOP.  The proposed action curve crosses the Baseline curve at multiple locations, 
thus providing a mix of beneficial and adverse effects.  The proposed action and RIOP 
simulations both result in one event where the 4,500 cfs minimum flow is triggered.   
However, the proposed action includes the added benefit of never resulting in flows less 
than 4,500 cfs, which occurred under the Baseline. 
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Figure 3. Observed and simulated flow frequency (% of days flow exceeded) of the Apalachicola 
River at the Chattahoochee gage under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim 
simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 

GULF STURGEON EFFECTS ANALYSIS 

This section provides the effects analysis of the proposed action on flow dependent 
habitat characteristics relevant to Gulf sturgeon consistent with that utilized in the 2008 
BO. 

Submerged Hard Bottom 

As described in the 2008 BO, the principal analysis for effects of the proposed action on 
Gulf sturgeon consists of comparing the amount of potential spawning habitat available 
under the various conditions.  The method for calculating the amount of habitat and the 
frequency analysis in Figure 4 below is the same as the 2008 BO method. The four 
curves cross each other multiple times over the full range of 0 to a little over 20 acres of 
habitat, but generally provide for the same amount of habitat availability (median daily 
habitat availability of approximately 18 acres). Habitat availability under the proposed 
action scenario flow regime is nearly identical to that provided by the RIOP flow regime.  
The RoR flow regime generally results in slightly less habitat availability than the other 
three flow regimes. Given the similarities of all the flow regimes with regards to this 
flow-dependent habitat parameter, it appears effects (if any at all) are a continuation of 
the baseline condition. 
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Figure 4. Frequency (% of days) of Gulf sturgeon spawning habitat availability (acres of potentially 
suitable spawning substrate inundated to depths of 8.5 to 17.8 feet), on each day March 1 through 
May 31, at the three sites known to support spawning, under RoR (ResSim simulated flow 1975
2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975
2008); and Baseline (observed flow 1975-2008). 

The analysis shown in Figure 4 above, combines data from all years of each time series 
into a single dataset for frequency computations and does not examine differences 
between years or the changes in habitat availability within a year.  However, as described 
in the 2008 BO, it is also important to determine whether the similarities in the average 
conditions between the proposed action and the baseline are the result of exceptionally 
low and high habitat availability between years or within a year. Again we use the 2008 
BO method to analyze the effect of the proposed action on Gulf sturgeon spawning 
success by comparing the frequency (percent of years) of continuously available 
spawning habitat availability (maximum amount of habitat inundated to the 8.5 to 17.8 ft 
depth range for at least 30 consecutive days each year), March through May, under the 
four flow time series (Figure 5). 
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Figure 5. Frequency (% of years) of Gulf sturgeon spawning habitat availability (maximum acres of 
potentially suitable spawning substrate inundated to depths of 8.5 to 17.8 feet for at least 30 
consecutive days each year), March 1 through May 31, at the three sites known to support spawning, 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

The habitat availability under the proposed action scenario flow regime is identical to that 
provided by the RIOP flow regime.  The RIOP and Modified RIOP flow regimes 
generally provide for more 30-day continuous habitat availability than the Baseline and 
RoR, with median values of approximately 18.2 acres versus approximately 16.7 acres 
and approximately 17.7 acres respectively.  All the time series provide for a minimum of 
about 10 acres of 30-day continuous habitat in the appropriate depth range, but the 
proposed action never provides less than approximately 13 acres.  The RoR never 
provides less than approximately 12 acres.  Regarding this flow-dependent habitat 
parameter, the proposed action continues to provide a beneficial effect to Gulf sturgeon 
realized by the RIOP by providing more 30-day continuous habitat in the appropriate 
depth range than the Baseline.  This benefit may be the most biologically significant 
during the most extreme spring low flow events where the proposed action provides for 
approximately 3.5 acres more than the baseline condition. 

In the 2008 BO the FWS determined that rapid declines in river stage (greater than 8 ft in 
a 14 day period) when flows are less 40,000 cfs may potentially result in take of Gulf 
sturgeon eggs and/or larvae.  In accordance with RPM 2008-4 of the 2008 BO the Corps 
evaluated the circumstances leading to the two potential take events (one during the 2007 
spawning season and the other during the 2008 spawning season) and determined that 
they can be avoided through minor proactive adjustments to releases from upstream 
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reservoirs and Jim Woodruff Dam.  Like the RIOP, the proposed action includes 
provisions for these minor proactive adjustments and the simulated flow regimes do not 
include any of these potential take events. 

Changes in Salinity and Invertebrate Populations in Apalachicola Bay 

Very little is known about Gulf sturgeon feeding behavior and habitat selection in 
Apalachicola Bay.  However, Gulf sturgeon studies in other systems, known life history 
patterns, and other studies of the role of freshwater inflow in estuarine ecology can be 
used to evaluate the possibility of effects of the proposed action on Gulf sturgeon in 
Apalachicola Bay (see discussion in the Water Quality section of the 2008 BO 
Environmental Baseline section). 

Studies indicate that most adult and sub-adult sturgeon limit feeding almost exclusively 
to estuarine and marine environments upon departing the river and do not feed much, if at 
all, during the months of riverine residency.  Juvenile Gulf sturgeon studies have also 
established that direct transition from fresh water into salinities greater than 30 ppt is 
lethal, and gradual acclimation to seawater with higher salinities (34 ppt) is required. 
Juvenile growth rates are highest at 9 ppt salinity (USFWS 2008). 

Since Apalachicola Bay is the first estuarine habitat that both juvenile fish and older fish 
encounter upon departing the river, substantial alteration of flow regime features may 
directly relate to sturgeon and sturgeon critical habitat elements in the bay and should be 
minimized or avoided.  Based on the analysis in the 2008 BO, adverse impacts to 
ecological processes in the bay critical to sturgeon can be evaluated by comparing the 
number of consecutive days per year that flows less than 16,000 cfs occurred for the 
various flow time series.  Figure 6 illustrates this comparison and indicates that the 
proposed action is comparable to the Baseline flow regime; providing slightly lower 
maximum numbers of consecutive days per year less than 16,000 cfs on average.  Given 
the similarities of the two flow regimes with regards to this flow-dependent habitat 
parameter, it appears effects (if any at all) are a continuation of the baseline condition. 
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Figure 6. Maximum number of consecutive days/year of flow less than 16,000 cfs under RoR (ResSim 
simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim 
simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

Since Gulf sturgeon do not utilize the bay year-round, but rather occupy it seasonally 
(October through March), we also conducted this same evaluation but used only observed 
and simulated data from the months sturgeon are known to actively forage in the 
Apalachicola Bay. Since the October – March season includes data from two years; the 
results are presented as the maximum number of consecutive days per season of flow less 
than 16,000 cfs. This analysis was not conducted in the 2008 BO.  Figure 7 presents the 
results of this analysis.  Again, the RIOP and proposed action scenarios yield results 
consistent with those observed.  However, when focusing on the months when sturgeon 
are known to utilize the bay, the proposed action reduces the maximum number of 
consecutive days with flows less than 16,000 cfs as compared to the baseline flow 
regime.  This would be beneficial to Gulf sturgeon and their prey resources in the bay. 
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Figure 7. Maximum number of consecutive days/season of flow less than 16,000 cfs (October-March) 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

LISTED MUSSEL SPECIES EFFECTS ANALYSIS 

This section focuses on direct effects to listed mussels by potential exposure during low-
flow conditions.  During the summer of 2006 and fall of 2010, listed mussels were found 
exposed and stranded at elevations up to approximately 10,000 cfs.  Therefore, consistent 
with the 2008 BO, impacts to listed mussel species will be evaluated by analyzing the 
differences between the four flow regimes in the range of flow less than 10,000 cfs.  

Table 4 lists the lowest daily flow each year for the RoR, RIOP, proposed action, and 
Baseline flow regimes. The RIOP and proposed action simulations result in quite similar 
annual 1-day minimum flows and each include one year (2007) with flows less than 
5,000 cfs which occurs in approximately half (44%) of the years under the RoR 
simulation and approximately a quarter (21%) of the Baseline.  However, the proposed 
action does result in a lower 1-day minimum flow than the Baseline in half of the years. 
With regards to this flow-dependent habitat parameter, the proposed action provides a 
mix of beneficial and adverse effects. 
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Table 4.  Annual 1-day Minimum Flow (cfs) of the Apalachicola River at the Chattahoochee Gage for the RoR (ResSim simulated flow 1975-2008); 
RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Submerged Habitat Below 10,000 cfs 

Figure 8 shows the inter-annual frequency (percent of years) of flow rates less than 5,000 
to 10,000 cfs in the four flow regimes. The proposed action results in a lower occurrence 
of flows less than about 7,500 cfs and limits flows less than 5,000 cfs to only one year 
(3%).  Flows less than 5,000 cfs occurred in approximately 20% of the years under the 
Baseline flow regime. The inter-annual frequency of flow events less than 10,000 cfs is 
higher in the proposed action flow regime than in the Baseline regime for the remainder 
of the flow categories.  However, the proposed action does lower the occurrence of flows 
less than 8,000 – 10,000 cfs resulting from the RIOP flow regime.  In this regard, the 
proposed action achieves the desired goal of minimizing adverse effects to listed mussel 
species by more closely matching the occurrence of these flows under the Baseline 
regime. The RIOP, proposed action, and Baseline flow regimes all generally provide for 
a lower inter-annual frequency of flow events less than 10,000 cfs than the RoR flow 
regime. With regards to this flow-dependent habitat parameter, the proposed action again 
provides a mix of beneficial and adverse effects as compared to the Baseline. 

Figure 8. Inter-annual frequency (% of years) of discharge events less than 5,000 to 10,000 cfs under 
RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

Consistent with the 2008 BO, we use the maximum number of days per year with flows 
less than 5,000 to 10,000 cfs as a measure of the most severe year for aquatic biota under 
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each flow scenario (Figure 9). The RIOP and proposed action have nearly identical 
results with regard to this flow-dependent habitat parameter.  A mix of beneficial and 
adverse effects is realized. All of the flow regimes include more than 200 days during 
the driest year at all flow levels except the <5,000 cfs level.  The maximum annual 
duration of flow less than 5,000 cfs is approximately 190 days and occurs in the RoR 
flow regime.  The proposed action flow regime includes a maximum annual duration of 
30 days with flows less than 5,000 cfs compared to the Baseline value of 34 days, which 
is a benefit to mussels.  However, the proposed action flow regime includes the highest 
maximum annual durations of flows less than 6,000 cfs (216 days) of the four flow 
regimes; with an additional 10 days at flows less than 6,000 cfs over the Baseline flow 
regime.  This represents an adverse effect to mussels with respect to this flow-dependent 
habitat parameter.  At all of the other flow categories 7,000-10,000 cfs the proposed 
action flow regime provides for slightly lower maximum annual durations than the 
Baseline flow regime, which is a benefit to mussels. At flows in this range, the Baseline 
flow regime includes the highest maximum number of days per year.  The RoR flow 
regime provides comparable values to the proposed action in this range.   

Figure 9. Maximum number of days per year of discharge less than 5,000 to 10,000 cfs under RoR 
(ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

On multiple occasions in recent years, FWS has observed mussels surviving brief periods 
of exposure by closing their shells tightly or burrowing into the substrate (USFWS 2008; 
K. Herrington Pers. Comm. 2011).  Typically, unless water temperature is extreme, the 
stress of exposure is most likely a function of exposure duration.  Figure 10 illustrates a 
most-severe event analysis, consistent with the 2008 BO, by computing the maximum 
number of consecutive days of flow less than the 5,000 to 10,000 cfs.  Again, the RIOP 
and proposed action have nearly identical results with regard to this flow-dependent 
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habitat parameter.  All of the flow regimes include periods of consecutive days with 
flows less than 5,000 cfs. The proposed action provides for a slightly higher maximum 
number of consecutive days less than 5,000 cfs than the Baseline (30 and 26 days 
respectively). The RoR includes a maximum number of consecutive days with flows less 
than 5,000 cfs of 127 days. The proposed action flow regime has an adverse effect at the 
6,000 cfs level, because it substantially increases the maximum number of consecutive 
days per year for flows at 6,000 cfs over the Baseline.  For all the other flow categories 
the proposed action yields a lower maximum number of consecutive days than the 
Baseline flow regime.  This is a benefit to listed mussels. The RoR shows the lowest 
maximum number of consecutive days per year for flows ranging from 7,000 to 10,000 
cfs. However, all of the flow regimes have an extreme effect on mussels at the 6,000 cfs 
level and greater, because it is unlikely that mussels would survive an exposure under 
even the best of the flow regimes, the Baseline, with 104 consecutive days. 

Figure 10. Maximum number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

Since the maximum number of consecutive days per year of discharge less than 5,000 to 
10,000 cfs analysis only focused on the most-severe event and included extensive 
durations of low flows for all the flow regimes at the 6,000 cfs level and greater, we 
decided it would be advantageous to analyze the less severe, but more frequent exposure 
events, to determine if the proposed action was comparable or improved upon the 
Baseline condition.  This analysis was not conducted in the 2008 BO and consisted of 
computing the median number of consecutive days of flow less than the 5,000 to 10,000 
cfs.  Figure 11 displays the results of this analysis. Unlike the maximum number of 
consecutive days analysis above, the RoR simulation resulted in the most severe potential 
exposure events.  However, all of the flow regimes resulted in event durations short 
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enough to potentially allow mussels to survive exposure by closing their shells tightly or 
burrowing into the substrate (less than approximately 40 days).  The RIOP, proposed 
action, and Baseline flow regimes provide for the greatest likelihood of this occurring by 
significantly lowering the median number of consecutive days of flows at all levels 
compared to the RoR.  The RIOP, proposed action, and Baseline flow regimes are 
identical at flow categories including less than 7,000 cfs and lower.  The RIOP and 
proposed action result in slightly lower median number of consecutive days than the 
Baseline for the less than 8,000 cfs flow category. 

Figure 11. Median number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

The proposed action results in a higher median number of consecutive days per year than 
the Baseline for the flow categories of less than 9,000 and 10,000 cfs.  Like the current 
RIOP, the proposed action has a lower value at the less than 8,000 cfs category, but the 
proposed action results in a higher median number of consecutive days per year than the 
RIOP when flows are approximately 7,000 cfs - 9,000 cfs.  Although both the RIOP and 
proposed action flow regimes result in a mix of adverse and beneficial effects to listed 
mussels, this shift represents a slightly more adverse effect than occurs under the current 
operations.  At flow levels greater than approximately 9,000 cfs the proposed action 
results in a lower median number of days per year than the RIOP flow regime, which was 
the intent of the proposed modifications to the RIOP. In order to evaluate whether the 
adverse effects realized under the proposed action are a reflection of how the median 
values are calculated or are truly a more adverse effect than the RIOP, we also analyzed 
the average number of consecutive days per year of discharge less than 5,000 to 10,000 
cfs under the various flow regimes.  Figure 12 displays the results of this analysis.  As 
suspected, the average number of consecutive days per year of discharge less than 5,000 
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to 10,000 cfs for the proposed action and RIOP are essentially the same for all the flow 
categories. This analysis also shows that the proposed action generally provides a 
comparable or lower average number of consecutive days per year across all the flow 
categories as compared to the Baseline. Therefore, with regards to this flow-dependent 
variable, the proposed action likely provides a beneficial effect to the listed mussel 
species. 

Figure 12. Average number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified 
RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

In the 2008 BO, the FWS determined that “Because moderately low flows, not just the 
most extreme events, constrict aquatic habitat availability and are generally stressful to 
mussels and other aquatic biota, it is appropriate to also consider the more common low-
flow condition, i.e., the magnitude and duration of low flows that occur in half the years 
of the flow regime.  If the common low-flow conditions become even more common or 
more severe, it would reduce the amount of habitat available to mussels and would 
increase their vulnerability to exposure-related mortality, including increased predation 
by terrestrial predators” (USFWS 2008). Consistent with the 2008 BO, Figure 13 
displays the median number of days per year less than the thresholds of 5,000 to 10,000 
cfs. The RoR flow regime results in a more common low flow condition at all flows 
below 10,000 cfs than either the proposed action or the Baseline.  The proposed action 
results in a higher median number of days per year for flows between 7,000 cfs and about 
9,500 cfs than the Baseline. At flow levels greater than approximately 9,500 cfs the 
proposed action results in a lower median number of days per year than the Baseline and 
RIOP flow regimes, which was the intent of the proposed modifications to the RIOP.  
However, the proposed action also results in a slightly higher median number of days per 
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year for flows between 7,000 cfs and about 8,500 cfs than the RIOP flow regime. 
Although both the RIOP and proposed action flow regimes result in an adverse effect to 
listed mussels at these flow levels, this represents a slightly more adverse effect than 
occurs under the current operations.  

Figure 13. Median number of days per year of discharge less than 5,000 to 10,000 cfs under RoR 
(ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

This is similar to what we observed when analyzing the median number of consecutive 
days per year of flow for the various flow categories. Therefore, we once again analyzed 
the average values in addition to the median values in order to determine whether this 
phenomenon was a reflection of how the median values are calculated or truly a more 
adverse effect with regards to the number of days per year of discharge less than 5,000 to 
10,000 cfs under the various flow regimes.  Figure 14 displays the results of this analysis. 
As suspected, the average number of days per year of discharge less than 5,000 to 10,000 
cfs for the proposed action and RIOP are essentially the same.  The proposed action 
generally provides a lower average number of days per year of discharge less than 5,000 
cfs to approximately 8,500 cfs than the Baseline and nearly mirrors the Baseline values 
for discharge levels greater than 8,500 cfs.  The RIOP flow regime results in a slightly 
higher average number of days per year than the proposed action and Baseline at flows 
greater than approximately 8,500 cfs.  This is not surprising since the RIOP includes 
provisions to store some of the basin inflow between 8,000 and 10,000 cfs, which is 
eliminated under the proposed action.  As intended, the proposed action more closely 
matches the Baseline conditions in this range.  With regards to this flow-dependent 
variable, the proposed action likely provides a beneficial effect to the listed mussel 
species. 
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Figure 14. Average number of days per year of discharge less than 5,000 to 10,000 cfs under RoR 
(ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

As described in the DESCRIPTION OF PROPOSED ACTION section above, the 
proposed action continues to utilize the RIOP maximum fall rate schedule, with the 
exception of implementing the most conservative fall rates (less than 0.25 ft/day) sooner.  
The schedule limits operations to more gradual fall rates as flow declines to the river 
stages where listed mussels may occur in order to facilitate, as much as possible, the 
movement of mussels and other aquatic biota from higher to lower elevation habitats.  
The general intent of the schedule is to avoid extreme daily declines in river stage and 
thereby lessen the potential for exposing or stranding listed mussels, their host fish, and 
other aquatic biota. Consistent with the 2008 BO, the effects of altered fall rates were 
analyzed by comparing the daily average fall rates observed at the Chattahoochee gage 
(Baseline) to those computed for the simulated daily flows.  The methodology for 
computing the daily average fall rates is the same. 

Figure 15 is a frequency histogram of the rate of change results, which lumps all stable or 
rising days into one category and uses the ranges that correspond to the maximum fall 
rate schedule as categories for the falling days (<=0.25 ft/day, > 0.25 to <= 0.50 ft/day, > 
0.50 to <= 1.00 ft/day, > 1.00 to <= 2.00 ft/day, and > 2.00 ft day). The proposed action 
includes the current maximum fall rate schedule with the previously described 
modification.  Since the listed mussels are known to occur at flows between 5,000 and 
10,000 cfs, preservation of the more conservative maximum fall rates should facilitate the 
movement of mussels as river stages decline.  The most critical fall rate category is likely 
the 0.25 or less ft/day category which corresponds to the maximum fall rate provision for 
flows < 10,000 cfs in the proposed action (in the current RIOP the threshold is < 8,000 
cfs). Among the falling days, rates less than 0.25 ft day are the most common occurrence 
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in all of the flow regimes.  The proposed action and the RIOP have a higher frequency of 
days when fall rates are in the <= 0.25 ft/day range than the Baseline, but the proposed 
action results in a slightly lower frequency than the RIOP.  The proposed action and the 
RIOP have a higher frequency of days when fall rates are in the > 0.25 to <= 0.50 ft/day 
range than the Baseline, but the proposed action results in a slightly lower occurrence 
than the RIOP. 

Figure 15. Frequency (percent of days) of daily stage changes (ft/day) under RoR (ResSim simulated 
flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 
1975-2008); and Baseline (observed flow 1975-2008). 

The RIOP, proposed action, and Baseline share comparable frequencies when fall rates 
are in the >= 0.50 to <= 1.00 ft/day range.  In the most extreme fall rate categories, the 
proposed action and RIOP result in lower frequencies than the Baseline, which may 
reduce the risk of stranding to host fish species for the listed mussels that utilize 
floodplain habitat.  This is a beneficial effect.  

As noted in the 2008 BO, the USFWS has observed mussels exposed at stages as high as 
about 10,000 cfs (USFWS 2008).  Therefore, listed mussels could potentially be directly 
impacted by increases in the number of days that fall rates greater than 0.25 ft/day occur 
and flows are less than 10,000 cfs.  Figure 16 shows a count of days in the various rate
of-change categories when flow was less than 10,000 cfs.  The methodology for 
conducting the analysis is the same as that used in the 2008 BO. 
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Figure 16. Frequency (number of days) of daily stage changes (ft/day) when releases from Woodruff 
Dam are less than 10,000 cfs under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim 
simulated flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline 
(observed flow 1975-2008). 

Similar to the previous analysis, among the falling days, rates less than 0.25 ft day are the 
most common occurrence in all of the flow regimes. The number of days in the greater 
than 0.25 ft/day categories for the proposed action is less than the Baseline (246 and 269 
days respectively).  This is a benefit to the listed mussels as it reduces the number of days 
that the more extreme fall rates are occurring. Table 5 presents a comparison of the 
maximum and average daily fall rates for each fall rate category under the proposed 
action simulation and the Baseline flow regimes. The maximum and average daily fall 
rates under both scenarios are comparable. 

Modified RIOP Baseline (observed) 
Fall Rate Range 
(ft/day) 

Maximum Fall 
Rate (ft/day) 

Average Fall 
Rate (ft/day) 

Maximum Fall 
Rate (ft/day) 

Average Fall 
Rate (ft/day) 

<=0.25 0.25 0.12 0.25 0.07 
>0.25 - <=0.5 0.50 0.33 0.50 0.34 
>0.5 - <=1.0 0.92 0.68 1.00 0.70 
>1.0 - <=2.00 1.87 1.25 1.98 1.37 
>2.00 2.97 2.79 2.37 2.21 
Table 5. Maximum and average daily fall rates (ft/day) for each fall rate category when releases from 
Woodruff Dam are less than 10,000 cfs under Modified RIOP (ResSim simulated flow 1975-2008) 
and Baseline (observed flow 1975-2008). 
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MUSSEL RE-COLONIZATION ABOVE 5,000 CFS 

As evidenced by previous studies, field observation, and the recent mortality events in 
2006 and 2010, the listed mussel species (particularly the fat threeridge) will re-colonize 
habitat at stages equivalent to flows higher than 5,000 cfs (max about 10,000 cfs).  The 
USFWS believes that fat threeridge located in moderately depositional habitat are likely 
moving upbank in response to changing water levels to maintain an optimal depth.  It is 
this re-colonization which led to re-initiating the RIOP consultation. In collaboration 
with the USFWS, we examined the observed flow data prior to the observed mortality 
events in 2006 and 2010.  Similar trends in flow conditions prior to the two events 
suggested that criteria for defining potential mortality events could be developed.  The 
criteria agreed upon are 1) at least 22 consecutive months or at least two full spawning 
periods with average monthly flows at the Chattahoochee Gage greater than 8,000 cfs and 
2) at least 24 days at bankfull discharge (72,100 cfs).  However, observations by USFWS 
during 2011 suggested that limited fat threeridge re-colonization to higher stages could 
occur with sustained flows greater than 8,000 cfs over a shorter period of time.  
Therefore, we also conducted the potential mortality event frequency utilizing an 
additional criteria; at least 12 consecutive months with average monthly flows at the 
Chattahoochee Gage greater than 8,000 cfs.  The intent of developing all of these criteria 
was to determine the frequency of the potential mortality events for the 34 year period of 
record (1975-2008) and determine how the proposed action changed this frequency, if 
any at all. The results of the analysis are provided below in Table 6.  

Potential Mortality 
Event Criteria 

RIOP w Historic 
Demands and 
Revised Ramp Rate 

Modified RIOP w 
Historic Demands and 
Revised Ramp Rate 

Baseline 
(observed) 

Years with >= 22 
consecutive months 
>8,000 cfs 

5 5 5 

Percent of Years 15% 15% 15% 
Years with >=24 
bankful events/year 

3 3 3 

Percent of Years 9% 9% 9% 
Years with >= 12 
consecutive moths 
>8,000 cfs 

6 6 6 

Percent of Years 18% 18% 18% 

Table 6. Potential mortality event frequency under RIOP (ResSim simulated flow 1975-2008), 
Modified RIOP (ResSim simulated flow 1975-2008) and Baseline (observed flow 1975-2008) 

The results of this analysis demonstrate that the current RIOP and proposed action do not 
change the frequency of potential mortality events associated with fat threeridge re
colonizing habitat at higher stages following relatively long periods of continuous 
discharge greater than 8,000 cfs.  With regards to this flow dependent habitat parameter, 
it appears that adverse affects, if any at all, are a continuation of the baseline condition 
and not attributable to Corps’ discretionary operations. 
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FLOODPLAIN CONNECTIVITY AND SYSTEM PRODUCTIVITY 

The Apalachicola River floodplain is a highly productive area that likely provides 
spawning and rearing habitats for one or more of the host fishes of the purple 
bankclimber and fat threeridge. Floodplain inundation is also critical to the movement of 
organic matter and nutrients into the riverine feeding habitats of both the mussels and 
juvenile sturgeon, and into the estuarine feeding habitats of juvenile and adult sturgeon 
(USFWS 2008).  Therefore, listed mussels and sturgeon can be indirectly affected by 
changes to the frequency, timing, and duration of floodplain habitat connectivity and 
inundation.  

To assess these effects we compare the four flow regimes on the timing and duration of 
floodplain habitat connectivity and inundation.  Consistent with the 2008 BO, this is 
accomplished by utilizing the relationship documented by Light et al. (1998) between 
total area of non-tidal floodplain area inundated and discharge at the Chattahoochee gage 
(USFWS 2008).  Figure 17 displays a frequency analysis of the results of transforming 
the four daily discharge time series during the growing season months (April – October) 
to connected floodplain area.  All four flow regimes provide for essentially the same 
frequency of floodplain habitat inundation, with the RIOP and proposed action resulting 
in nearly identical frequencies.  The median amount of connected habitat under the 
proposed action (acres inundated for half of the growing season days 1975-2008) is 1,835 
acres, compared to 2,286 and 1,780 acres for the Baseline and RoR flow regimes.  
However, the curves for the proposed action and the Baseline flow regimes cross each 
other several times. Therefore, with regards to this flow dependent habitat parameter, it 
appears that effects (if any at all) are likely a continuation of the Baseline effect. 
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Figure 17. Frequency (percent of days) of growing-season (April-October) floodplain connectivity 
(acres) to the main channel under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated 
flow 1975-2008); Modified RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 
1975-2008). 

In order to interpret biological effects related to the temporal pattern of floodplain 
inundation we evaluate the annual 30-day continuous floodplain habitat inundation 
consistent with the methodology described in the 2008 BO. Figure 18 displays the results 
of this analysis.  The proposed action and RIOP provide for nearly identical annual 30
day continuous connectivity. Annual 30-day continuous connectivity is roughly 
comparable between the proposed action and RoR, which suggests that refilling 
reservoirs to summer pool levels following the winter drawdown has little effect with 
regards to this flow dependent habitat parameter.  The proposed action almost always 
results in more annual 30-day continuous connectivity than the Baseline flow regime.  
The median amount of 30-day continuous connected habitat under the proposed action 
(acres inundated for at least 30 days in half of the years 1975-2008) is 27,601 acres, 
compared to 22,169 and 30,295 acres for the Baseline and RoR flow regimes, 
respectively. Therefore, with regards to this flow dependent habitat parameter, the 
proposed action provides a beneficial effect. 
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Figure 18. Inter-annual frequency (percent of years) of growing season (April-October) floodplain 
connectivity (maximum acres inundated for at least 30 consecutive days each year) to the main 
channel under RoR (ResSim simulated flow 1975-2008); RIOP (ResSim simulated flow 1975-2008); 
Modified RIOP (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 

CUMULATIVE EFFECTS 

Consistent with the 2008 BO, we also considered the cumulative effects of implementing 
the proposed action by focusing on the effects of increased water depletions due to an 
increase in M&I use.  Like the analysis in the 2008 BO, the 2017 projection is based on 
an increase in M&I use only and it could occur sooner or later than 2017, depending on 
population growth and other factors.  It could also result from a combination of increased 
M&I and agricultural demands.  The Corps used the same approach to simulate the 
proposed action using the 2017 depletions (+27% for M&I).  In order to fully evaluate the 
effects to the listed species, all of the figures created above in the EFFECTS ANALYSIS 
section were recreated using the 2017 simulations for the RoR and proposed action.  For 
comparison, the Modified RIOP with Historic Demands (ResSim simulated flow 1975
2008); and Baseline (observed flow 1975-2008) flow regimes were included as well.  
These figures are included in Appendix A. 

The various Gulf sturgeon cumulative effects analyses (Figures 2,3,4,14, and 15) indicate 
that increased water depletions would not appreciably affect Gulf sturgeon beyond any 
effects that occur under the proposed action simulation (with historic demands) and the 
Baseline.  The remaining figures in Appendix A address cumulative effects on the listed 
mussel species. All of the listed mussels’ cumulative effects analyses indicate that 
increased water depletions result in reduced low flows during drought periods.  In 
general, this results in a continuation of the adverse effects realized under the proposed 
action simulations that utilized historic demands, but at greater intensity.  The proposed 
action with 2017 demands simulation resulted in an additional event with flows less than 

36
 



   

 
 

   

  
  

  
  

    
  

    
  

 
 

  
 

 
  

  
  

 
 

  
 

 
 

   
  

  
 

 
     

   
 

    

  
   

  
   

  
 

   
   

   
  

   

CESAM-PD-EI FEB 2012 

5,000 cfs due to implementation of the drought plan minimum flow provision of 4,500 
cfs during severe drought conditions.  However, the proposed action continues to offset 
the impact of an increase in depletions by maintaining minimum releases of 5,000 cfs in 
all the simulated years except 2000 and 2007 (when releases dropped to 4,500 cfs).  Both 
of these years represent critical droughts for the basin.  The 2007 drought was a 1-in-200 
year event and is unlikely to occur again during the implementation period of the 
proposed action (until an updated WCP is approved).  Furthermore, water conservation 
programs implemented by the State of Georgia, should reduce the risk of water depletions 
reaching the estimated 2017 demand levels during the implementation period of the 
proposed action.  

CONCLUSIONS 

Gulf Sturgeon 

Based on the effects analyses described above, the Corps has determined that the 
proposed action may affect but is not likely to adversely affect Gulf sturgeon and that it 
may affect but is not likely to adversely modify Gulf sturgeon critical habitat.  Therefore, 
we request concurrence with this determination per section 7 of the Endangered Species 
Act of 1973, as amended (16 U.S.C. 1531 et seq). 

Fat Threeridge 

The Corps re-initiated consultation on the RIOP in September 2010 based on new 
information about the distribution and mortality of endangered fat threeridge mussels in 
the Apalachicola River. Through the consultation process, it was determined that 
modifications to the RIOP should be evaluated to further minimize the potential for 
“take” of fat threeridge mussels when releases are between 5,000 and 10,000 cfs.  In the 
2008 BO, “take” of listed mussel species only occurred when releases were less than 
5,000 cfs.  The proposed action still includes a provision for releases as low as 4,500 cfs 
and implements minimization measures, but does not eliminate adverse effects to the 
species when releases are between 5,000 and 10,000 cfs and mussels have re-colonized at 
stages in this flow range.  The period of record simulation (1975-2008) of the proposed 
action includes one year with releases less than 5,000 cfs which occurs in multiple years 
under the RoR and Baseline flow regimes.  Like the RIOP, this is a beneficial effect.  
“Take” of fat threeridge when releases are between 5,000 and 10,000 cfs is dependent 
upon re-colonization of the species at stages in this flow range and discretionary 
operations by the Corps that influence these flows.  As FWS will describe in the 
STATUS OF THE SPECIES section of the BO, the 2006 and 2010 mussel mortality 
events suggest that re-colonization is dependent on several hydrology driven variables 
that do not necessarily occur every year.  Based on the observed data, we believe they 
include 1) at least 24 days of bankfull flow (defined as 72,100 cfs) and 2) a prolonged 
period of monthly average flows greater than 8,000 cfs (22 consecutive months or at least 
two full spawning periods).  The effects analyses above do not presume that mussels are 
always present at river stages equivalent to flows between 5,000 and 10,000 cfs, but 
rather evaluate to what extent Corps operations are influencing flows as compared to the 
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Baseline. The effects analyses above, illustrate that the proposed action results in a mix 
of beneficial and adverse effects to fat threeridge mussels when releases are between 
5,000 and 10,000 cfs. Therefore, we have determined that the proposed action may 
adversely affect fat threeridge. However, it is not evident that the proposed action would 
appreciably change the quantity or quality of the designated Critical Habitat primary 
constituent elements (PCE) compared to the Baseline.  Droughts substantially change the 
nature of all of these PCEs compared to normal flows.  Therefore, we have determined 
that the proposed action may affect but is not likely to adversely modify fat threeridge 
mussel designated Critical Habitat. 

PURPLE BANKCLIMBER 

The flow regime changes discussed in the effects analyses for listed mussel species apply 
to the purple bankclimber as well, but probably to a lesser extent, because the data 
suggests that this species appears to occur more often in deeper portions of the stream 
channel than the fat threeridge.  Purple bankclimber exposure was not observed during 
2006 or 2010 when exposed fat threeridge were observed at stages greater than 5,000 cfs.  
The proposed action simulation did result in one year with a reduction of flows below 
5,000 cfs.  A small number of purple bankclimber could be exposed under this condition 
and this is an adverse effect that is also applicable to the current RIOP. Therefore, we 
have determined that the proposed action may adversely affect purple bankclimber. The 
PCE discussion above also applies to purple bankclimber and therefore, we have 
determined that the proposed action may affect but is not likely to adversely modify 
purple bankclimber mussel designated Critical Habitat. 

CHIPOLA SLABSHELL 

Like the purple bankclimber, Chipola slabshell exposure was not observed during 2006 
or 2010 when exposed fat threeridge were observed at stages greater than 5,000 cfs.  The 
Chipola slabshell known range within the action area is limited to the Chipola River 
downstream of the Chipola Cutoff.  As discussed in the 2008 BO, channel morphology 
appears less altered in the Chipola River than the Apalachicola River and the Corps’ 
influence on flow regime in the Chipola River is likely reduced due to the narrower 
channel and contributions from the Chipola River upstream of the cutoff (approximately 
132 miles).  Flowing water from the Apalachicola River influences flow in the Chipola 
River and Chipola Cutoff under the full range of flows simulated in the proposed action 
flow regime.  Therefore, the effects analyses above for the fat threeridge apply also to the 
Chipola slabshell, but probably to a lesser extent.  The proposed action simulation did 
result in one year with a reduction of flows below 5,000 cfs.  A small number of Chipola 
slabshell could be exposed under this condition and this is an adverse effect that is also 
applicable to the current RIOP. Therefore, we have determined that the proposed action 
may adversely affect Chipola slabshell. The PCE discussion above also applies to 
Chipola slabshell and therefore, we have determined that the proposed action may affect 
but is not likely to adversely modify Chipola slabshell mussel designated Critical Habitat. 
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APPENDIX A
 

CUMULATIVE EFFECTS ANALYSES
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Figure 1. Observed and simulated flow frequency (% of days flow exceeded) of the Apalachicola 
River at the Chattahoochee gage under Modified RIOP w Historic Demands and Revised Ramp Rate 
(ResSim simulated flow 1975-2008); Modified RIOP w 2017 Demands and Revised Ramp Rate 
(ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and 
Baseline (observed flow 1975-2008). 
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Figure 2. Frequency (% of days) of Gulf sturgeon spawning habitat availability (acres of potentially 
suitable spawning substrate inundated to depths of 8.5 to 17.8 feet), on each day March 1 through 
May 31, at the three sites known to support spawning, under Modified RIOP w Historic Demands 
and Revised Ramp Rate (ResSim simulated flow 1975-2008); Modified RIOP w 2017 Demands and 
Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated 
flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 3. Frequency (% of years) of Gulf sturgeon spawning habitat availability (maximum acres of
 
potentially suitable spawning substrate inundated to depths of 8.5 to 17.8 feet for at least 30 

consecutive days each year), March 1 through May 31, at the three sites known to support spawning,
 
under Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975
2008); Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008);
 
RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008).
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Figure 4. Maximum number of consecutive days/year of flow less than 16,000 cfs under Modified 
RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); Modified 
RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR w 2017 
demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 5. Maximum number of consecutive days/year of flow less than 16,000 cfs (October-March) 
under Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975
2008); Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 6. Inter-annual frequency (% of years) of discharge events less than 5,000 to 10,000 cfs under 
Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR 
w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 7. Maximum number of days per year of discharge less than 5,000 to 10,000 cfs under 
Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR 
w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 8. Maximum number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975
2008); Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 9. Median number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975
2008); Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 10. Average number of consecutive days per year of discharge less than 5,000 to 10,000 cfs 
under Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975
2008); Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 11. Median number of days per year of discharge less than 5,000 to 10,000 cfs under Modified 
RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); Modified 
RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR w 2017 
demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 12. Average number of days per year of discharge less than 5,000 to 10,000 cfs under 
Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); 
Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR 
w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 13. Frequency (percent of days) of daily stage changes (ft/day) under Modified RIOP w 
Historic Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); Modified RIOP w 
2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975-2008); RoR w 2017 demands 
(ResSim simulated flow 1975-2008); and Baseline (observed flow 1975-2008). 
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Figure 14. Frequency (number of days) of daily stage changes (ft/day) when releases from Woodruff 
Dam are less than 10,000 cfs under Modified RIOP w Historic Demands and Revised Ramp Rate 
(ResSim simulated flow 1975-2008); Modified RIOP w 2017 Demands and Revised Ramp Rate 
(ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and 
Baseline (observed flow 1975-2008). 
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Figure 15. Frequency (percent of days) of growing-season (April-October) floodplain connectivity 
(acres) to the main channel under Modified RIOP w Historic Demands and Revised Ramp Rate 
(ResSim simulated flow 1975-2008); Modified RIOP w 2017 Demands and Revised Ramp Rate 
(ResSim simulated flow 1975-2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and 
Baseline (observed flow 1975-2008). 
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Figure 16. Inter-annual frequency (percent of years) of growing season (April-October) floodplain 

connectivity (maximum acres inundated for at least 30 consecutive days each year) to the main 

channel under Modified RIOP w Historic Demands and Revised Ramp Rate (ResSim simulated flow
 
1975-2008); Modified RIOP w 2017 Demands and Revised Ramp Rate (ResSim simulated flow 1975
2008); RoR w 2017 demands (ResSim simulated flow 1975-2008); and Baseline (observed flow 1975
2008).
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